
Statutory Instrument 91 of 2017. 
(CAP. 13:19 

Electricity (Grid Code) Regulations. 2017 

IT is hereby notified that in terms of section (3) and section 65 of the Electricity Act [Chapter 13:191, 
and alter consultation with the Zimbabwe Energy Regulatory Authority, the Minister of Energy and Power 
Development, has approved the publication of the Electricity Grid Code set out in the Schedule. 
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ACRONYMS 

RSP 	Bulk Supply Point 
CA 	Connection Agreement 
DC 	Direct Current 

t 	()SP 	Grit! Supply Point 
HR 	Human Resources 
IN, 	High Voltage 
IPX' 	Independent Power Producer 
[PS 	Interconnected Power System 
LV 	Low Voltage 
NCC 	National Control Centre 
Ni'S 	National Transmission System 
PPA 	Power Pun.tisc Mreement 
PQ 	Power Quality 
PSA 	Power Sales Agreement 
QOS 	Quality of Service 
REA 	Rural Electrification Authority 
RI'U 	Remote Terminal Unit 
SAP!' 	Southern African Power Pool 
SCADA 	Supervisory Control and Data Acquisition 
Till) 	Total Harmonic Distortion 
TNSP 	Transmission Network Services Provider 
TPA 	Third Party Access 
ZEDC 	Zimbabwe Electricity Distribution Company 
ZERA 	Zimbabwe Energy Regulatory Authority 
ZERC 	Zimbabwe Electricity Regulatory Commission 
ZESA 	Zimbabwe Electricity Supply Authority 
ZEI1JC 	Zimbabwe Electricity Transmission and Distribution Company 
ZETCO 	Zimbabwe Electricity Transmission Company 

V 
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PREAMBLE 

I. The Electricity Act [Chapter 13:19] (No.4 of 2002) and the EiectricityAmcndmeutAct.2(X)3, provided 
For the formation of successor companies to the Zimbabwe Electricity Supply Authority (ZI3SA) as follows— 

(a) a company to take over the electricity generation plants of the Authority; 
(b) a company to take over the transmission system of the Authority; 

(c) a company to take over from the Authority the distribution and retail supply of electricity; 
(d) any other companies as the Minister may approve; and 

(e) a company to hold the shares of the state in the companies referred to in paragraphs (a) to (d). 
The Energy ReguiatoryAct [Chapter 13:23] (No.3 of 2011) provided forthe cstablishmentofthe Zimbabwe 

Energy RegulatoryAuthority(ZERA). InSeptember2Ol2.anclafterwidc stakeholderconsultations.government 
approved the National Energy Policy that has in place various arrangements needed to supportthe implementation 
of the new industry structure. The arrangements fall largely into three groups: government policy, instruments 
issued by ZER A in line with that policy and the various Acts of Parliament and commercial and stakeholder 
arrangements. Among the instruments issued by '/,ERA are licences, codes of conduct, directives, regulations. 
guidelines and revenue and tariff determinations. Consequently ZERA has undertaken the responsibility to 
develop the Grid Code with the co-operation of stakeholders by way of a consultative process. 

ZETOC is currently licensed as the national provider of transmission services. Independent transmission 
network service providers are licensed, in accordance with current policy, only for specific requirements such 
as installation of transmission facilities to evacuate power from liPs to the nearest point on the National 
Transmission System (NTS). 

The elementsorthe industrystructure for which the Grid Code therefore makes provision are the following— 

(a) a Zimbabwean national transmission company, cal led the Zimbabwe Electricity Transmission and 
Distribution Company (ZEFDC) consisting of the System Operator. Bulk Energy Supplier and 
the national Transmission Network Services Provider (TN SP); 

(b) one or more independent TNSP's as licensed by ZF.RA; 

(e) 	a generation sector consisting of Zl'C and independent Power Producers (IPPs) who use the NTS; 

(d) a distribution sector consisting of ZEI'DC's five regions; 

(e) directly connected end-use customers being supplied via a retailer, in the current case ZRFDC; 

(I) 	international trading via the interconnectors with other countries, and in line with the SAPP rules. 

The Grid Code is enforced through the licensing reqtairement.s of the TNSFN and registration of other 
participants. The Grid Code is accountable for network services, system operations and ancillary services. 

Any dispute relating to the interpretation of this Grid Code or any of its sections shall be referred to ZERA 
for deliberation. 

PURPOSE OF GRID CODE 

The Grid Code is intended to establish the reciprocal obligations of industry participants around the use 
of the National Transmission System (NTS) and operation of the Interconnected Power System (IPS). The Grid 
Code shall ensure that— 

(a) accountabilities of all parties are defined for the provision of Third Party Access (TPA) to the NTS; 

(b) minimum technical requirements are defined for customers connecting to the NTS; 

(c) minimum technical requirements are defined for service providers; 

(d) the System Operator's obligations are defined to ensure the integrity and security of the II'S; 

(e) obligations of participants are defined for the safe and efficient operation of the NTS; 

(1) 	the relevant infonnation is made available to and by the industry participants; 

(g) 	the major technical cost drivers and pricing principles of the service providers are transparent. 

The responsibility of the service providers under this Grid Code shall be— 

(a) to show no interest in whose product is being transported; 

(b) to ensure that investments in the NTS are made within the requirements of the Grid Code; 

(c) to provide Third Party Access, on agreed standard terms. to all parties wishing to connect to or 

use the NTS. 
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Transmission Network Services Providers (TNSI') shall ensure that transmission agreements concluded 
with end-use customers ordistributors shall include anobligation tocomply with the Grid Code provisions. 

14 Grid Code Review Panel 

ZERA shall constitute the Grid Code Review Panel (GCRP). The OCR!' is established to— 

(a) 	ensure a consultative stakeholder process is followed in the formulation and review of the Grid 
Code; 

(Ii) review and make recommendations regarding proposals to amend the Grid Code; 
(c) review and make recommendations regarding proposals for exemption to comply with the Grid 

Code; 

(d) review and make recommendations regarding proposals for derogation from the requirements of 
the Grid Code; 

(e) review and make recommendations regarding updating the Grid Code to facilitate and align it 
with the changing ESI in Zimbabwe. 

The GCRP shall be constituted as follows— 

(a) chairman to be appointed by ZERk 

(b) two members representing the transmission company one of which shalt be the Secretariat; 

(c) one member representing independent transmission operators; 

(d) one member representing ZPC power stations connected to the Grid; 

(e) one member representing I 	whose plants are directly connected to the Grid; 

(1) 	one member representing Distribution Network Operator's; 

(g) 	one member representing independent Distribution Network Operator's; 

(h) one member representing ZERA; 

(i) 	two members representing large end users directly connected to the Grid. 

(1) The Secretariat shall perform the following functions— 

(a) ensure procedures are developed and published for the review of proposed amendments and 
exemptions by the GCRP; 

(b) 	provide standard submission forms to participants; 

(c) assist, when requested, in the preparation of submissions to the GCRP; 

(d) prepare amendment and exemption proposals for submission to ZERA following review by the 
GCRI'; 

(e) manage Grid Code documentation; 

(1) 	disseminate relevant information; 

(g) 	inform participants of the progress with applications for amendment or exemption; 

(Ii) co-ordinate the activities of the OCR?; 

(i) 	keep and circulate minutes of meetings and documentation of proceedings of the GCRP; 

(j) 	function as a formal communication channel for the GCRP; 

(k) 	submit documentation, as required by ZP.RA. for /ERA to publish on the ZERA website; 

a) 	maintain a register with all submissions from participants. with a record of decisions; 

(m) inform parties who submitted exemptions, derogations or amendments of the status of their 
submission (i.e. approved or rejected and reasons thereof). 

(2) The Secretariat shall make the latest version of the Grid Code available electronically to requesting 
parties. The Secretariat shall notify participants of approved amendments, derogation or exemptions within the 
reasonable time after approval by ZF.RA. 

(3)The Secretariat shall make hard copies of the latest version of the Grid Code available to requesting 

entities, for which a nominal fee may be charged to recover reproduction costs. 

7 
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The Committee shall meet for a minimum of four times every year. 

The Chairperson of the Committee may call any additional meetings that are considered necessary. 

The Chairperson shall call an extraordinary meeting at the request of three or more members. 

The notice of a meeting, along with the agenda and location of such meeting, shall be sent one month 
before the scheduled meeting date. 

ZETDC shall serve as the Secretariat of the Committee and be responsible for coordination, notices and 
arrangements of the meetings. 

1.9 Grid Code Review and Revisions Procedures 

The Member Secretary shall present all proposed revisions of the Grid Code to the Review Panel for its 
consideration. 

ZETDC shall send the following reports totbe ZEtA at the conclusionof each review meeting of the Panel. 

1. A report on the outcome of such review 

2. Any proposed revisions to the Grid Code as ZETDC reasonably thinks necessary for achievement of 
the objectives referred to in the relevant paragraph of the Transmission & Bulk Supply License. 

3. All written representations or objections from Users raised during the review. 

1.10 Document Management 

All revisions to the Grid Code shall require approval of ZERA. 

Every change from the previous Version shall be added to the revision list, which shall be placed at 
the front of the Revised Version noting the number of every changed sub-section, together with a brief 
statement of change. 

1.11 Disputes 

The Grid Code Review Panel shall handle disputes regarding interpretation of the Grid Code. If one or 
both parties are not satisfied with the ruling of the (iCRP the matter shall be referred to ZF.RA whose 
decision is final. 

1.12 Dispute pertaining to issues not covered by the Grid Code 

Any relevant technical issues not covered by the (kid Code shall within fourteen days of receipt be referred 
to the (iCRP to formulate a solution and the actions to be taken in the circumstance by the Grid Users 
and for possible inclusion in the Grid Code. The (CRP's ruling on such issues shall be binding. If any 
party is not satisfied by the decision of the GCRP, the matter shall be referred to ZERA. The decision of 
ZI3RA shall be final and binding. 

1.13 Continuity of functioning of Grid Users 

After a dispute arises between entities, the matter should immediately be referred to the 0GW who 
should make provisional working arrangements that shall be implemented till a valid ruling is issued. The 
objective of this procedure is to ensure that no dispute shall stall the daily operations of any Grid User. 

1.14 System Derogations 

Through a special Condition. ZETDC and Transmission System Users can seek reprieve from ZERA to 
relieve the Licensee or the User of its obligation to meet the conditions of the Grid Code for a defined 
time period. This is-applicable were a reasonable and justifiable reason is provided by the derogation 
applicant to warrant consideration of a limited relaxation of a Grid Code standard. ZERA sill process 
the derogation application and can consult the Grid Code review panel or inform the Grid Code Review 

panel of the approval of the derogation. 
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(b) the relevant Standard Planning Data listed in Section 4 of this Grid Code and any other 
relevant data as prescribed by ZEI'DC from time to time: 

(c) the Completion Date of the proposed User Development. 

The User shall submit the planning data in three (3) stages, according to their degree of 
commitment and data requirement as follows: 
(a) Preliminary Project Planning Data: 
(1,) Committed Project Planning Data; and 
(c) Connected Project Planning Data. 

2.4.2 Requirements for Grid Connection or Connection Modification 

Any user seeking to establish new,  or modified armngement.s for connection to and/or use of the National 
Transmission System shall follow the procedures laid out belowc An applicant for a connection to the 
ZETDC Transmission System needs to provide: 

(1) a completed application form; 

(2) the relevant cleared application fee; and 

(3) the appropriate supporting data. 

This complete set of information is referred to as a 'competent application'. Once all these conditions 
have been met ZETDC will start developing the agreement for the user. 

The application fees shall be reviewed from time to time and be subject to ZERA approval. The fees are 
meant cover the reasonable costs of work anticipated to arise from reviewing the connection application 
and preparing the associated offer to connect. 

2.4.2.1 Clock start Date 

The Date the eustomerapplication status gains its competency becomes the Clock Start Date for processing 
the application. Once each of these criteria has been fulfilled and checked the customer will be informed 
of the clock start date of their project, which will be the day on which the last item to fulfil the application 
criteria was received byZbTDCand the applicationis thereforejudged to be fully competent. Aconnection 
offer is then required to be made to the customer within 30 calendar days unless otherwise the customer 
changes application requirements adequately to reasonably affect the required application processing time. 
The Connection Offer shall comprise of the following elements: 

(I) 	Quotation; and 

(2) 	Connection Agreement. 

If the customer application is acceptable. ZFfl'DC and the customer shall sign a Connection Agreement 
or an Amended Connection Agreement. as the case may be. If the application is not acceptable. ZETI)C 
shall notify the customer why its application is not acceptable. ZETDC shall include in its notification a 
proposal on how the customer's application will be acceptable. The customer shall accept the proposal of 
ZETDC within ninety (90) calendar days after which the proposal automatically lapses. If ZETDC and 
the customer cannot reach an agreement on the proposed connection. ZETDC or the customer may bring 
the matter before /.ERA for resolution. 

Once the Connection Offer is acceptable to the customer, the customer shall notify ZETDC in wilting 
and through payment of the indicated project administration fees found in the connection offer. PPA 
negotiations will then commence for a generator connection application. 

2.43 l'vpe of Customer Connections 

Customer connections fall into any of the following categories: 

(a) directly connected customers; 

(b) distribution Network Owners and Operators; 

(c) directly Connected Cienentor Customers; 

(d) transmission owners and Operators (e.g. Tie line owners and operators). 

11 
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2.4.43 Third Pail>'  \\brts  

Third party works am generally facilitating works. such as the diversionof Distribution Network 
LV circuits and public roads diversion works required before work on the National Transmission 
System can take place. Where a userrequests fora diversion ofa line or relocation of a substation, 
such user shall meet l00 of such works. 

If these works are part of the XIS development they are financed by zcrix: and the investment 
recovered through the approved transmission tariff. 

2.5 Commercial and Charging Issues 

2.5.1 	Ownership Boundaries 

Figure I above shows the Grid Connection Points (GCP) at the generator and demand sides of the Ni'S. 
The demand side GCP is also known as the Point of Common Coupling (FCC) as it is the point at which 
a number of demand customers i.e. directly connected end-users and distributors interface with the XIS. 
The GCP will be described in detail in the connection agreements and will include the circuit diagrams 
clearly indicating the ownership boundaries. Any infrastructure from the GCP to the Ni's customer 
facilities belongs to that end-user and are known as connection assets. 

The desip, financing, construction and commissioning of the customer's connection assets is the 
responsibility of the customer who connects to the Ni's. The connection assets must all conform to the 
specifications provided by ZEFDC and included in the connection agreement. 

2.5.2 	Interactivity 

Interactivity occurs when more than one connection offer is issued to connection applicants such that if 
one of the offers is signed the change in system background sill cause a change in the connection date 
being offered to the remaining party parties In such a case any outstanding connection offers can then be 
withdrawn and revised offers drawn up inside another 30 calendar-days %vindow.  

2.53 	In terms of processing of connection applications ills important to observe that every application 
is strictly confidential between ZEI'DC Submittals Prior to the Commissioning Date 

2.5.3.1 The following shall be submitted by the User prior to the commissioning date, pursuant to 
the terms and conditions and schedules specified in the Connection Agreement: 

(a) specifications of major Equipment not included in the Standard Planning Data and 
Detailed Planning Data; 

(b) details of the protection arrangements and settings referred to in Section 8 of this 
Grid Code for Generating Units, Distributors and other Grid Users; 

(c) information to enable ZEI'DC to prepare the Fixed Asset Boundary Document 
including the name(s); 

(d) electrical Diagrams of the User's Equipment at the Connection Point as described in 
2.7.4.2: 

(e) information that will enable '/.Erl)C to prepare the Connection Point I)rawings. 
referred to in 21.5.2; 

(U 

	

	copies of all Safety Rules and Local Safety Instructions applicable to the User's 
Equipment and a list of Safety Coordinators; 

(g) a list of the names and telephone numbers of authorised representatives, including 
the confirmation that they are fully authorised to make binding decisions on behalf 
of the User: 

(h) proposed Maintenance Program; and 

(i) test andcommissioning procedures fortheConncction Point and the UserDeveloprnent. 

2.5.4 	Commissioning of Equipment and Physical Connection to the Grid 

(a) 	Upon completion of the User Development, including work at the Connection Point. the 
Equipment at the Connection Point and the User Development shall be subjected to the Test 
and Commissioning procedures specified in section 8 of this Gad Code. 

13 
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shall be less than 1km or else or double cable circuit line shall be used as a minimum 
requirement. 

o For a single twit of generation greater than 300.1\sr and up to 500XtW 
Only double circuit cable generator circuits arc acceptable and shall be designed in such 
a way that a single circuit is adequate to evacuate the maximum power output of the 
machine without imposing any constraints during outage condition of the other circuit. 
Banking of generation is unacceptable. 

o For a single unit of generation greater than 500MW 
Them shall not be a single unit of generation greater than 500MW maximum export limit 
for economic and cost effective management of reserve and response facilities in system 
operation time scales. 

(c) Requirements of the Transmission System for Generation Security 
No generator shall be constrained in its output due to Transmission outages unless during 
natural disasters or events beyond security standards. The transmission system should be 
capable of evacuating all generation connected to it as per N-2 planning criteria. This standard 
applies to the Transmission system excluding the connection assets. 

2.6 Requirements for Large Generators (>5lW) 

2.6.1 	Requirements Relating to the Connection point 

(a) The Generator's Equipment shall be connected to the Grid at the voltage level(s) agreed to 
by ZETDC and as determined by Grid Impact Studies. 

(b) The Connection Point shall be controlled by a circuit breaker that is capable of interrupting 
the maximum shod circuit current at the point of connection as specified by ZFTDC. 

(c) Isolators shall be provided to adequately isolate the circuit breaker for maintenance purposes 
at the local point. 

2.6.2 	Generating Unit Power Output 

(a) 	The Generating Unit shall be capable of continuously supplying its Active Power output, as 
specified in the Generator's Declared l)ata, within the System Frequency range of 52.5 to 
47.5 Hz as per statutory requirements. 

(10 	The Generating Unit shall be capable of supplying its Active Power and Reactive Power 
outputs, as specified in the Generator's Declared l)ata, within the voltage variations specified 
in section 3.3 of this Grid Code during normal and emergency operating conditions. 

(c) 	The Generating Unit shall be capable of supplying its Active rtwcr output, as specified in the 
Generator's Declared Data, within the limits of 0.8.5 Possvr Factor lagging and 0.98 Fbwer Factor 
leadingatthe Gencratingo Unit's terminals. in accordance with it,; Reactive PbwerCapability Curve. 

2.6.3 	Frequency Withstand Capability 

(a) 	The generating unitssbould becapable ofoperatinginsynchronismwhenthe System frequency 
momentarily rises to 51.15 ilz or falls to 48.5 Hz. 

(b) 	The Generator shall be responsible for protecting its Generating Units against damage for 
frequency excursions outside the range ofSl .25 Hz and 48.5 Hz. The Generator shall provide 
adequate pmtcctioutodisconnectthe Generating Unit fn,mthe Grid, if frequency is outside 

limits 52.5Hz and 47.5Hz. 

2.6.4 	Unbalance Loading Withstand Capability 

(a) The Generating Unit shall meet the requirements for Voltage Unbalance as specified in section 
3.3.4 of this (hid Code. 

(b) The Generating Unit shall also be required to withstand without tripping, the unbalance loading 
during clearance by the Backup Protection of a close-up phase-to-phase fault on the Grid or, in 
the case of an Embedded Generating Unit, on the User System. 

2.6.5 	Speed-Governing System 
The Generating Unit shall be capable of contributing to Frequency Control by continuous 
regulation of the Active Power supplied to the Grid or to the User System in the case of an 
Embedded Generating Unit. '1'he Generating Unit shall be fitted with a fast-acting speed. 

(a) 

15 
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(h) The ability of the protection scheme to initiate the successful tripping of the Circuit Breakers 
that are associated nith the faulty Equipment, measured by the System Protection Dependability 
Index, shall be not less than 99 per cent. 

(i) All Grid Users shall provide adequate space for accommodation of ZEFDC's protection 
equipment. communication equipment and network control equipment. 

2.6.11 Transformer Connection and Grounding 

(a) If the Generator's Equipment is connected to the Grid, the high-voltage side of the transformer 
shall be connected in Wye, with the neutral available for connection to ground. 

(b) ZEFDC shall specify the connection and grounding requirements for the LV side of the 
transformer, in accordance with the provisions of Section 7 of this Grid Code. 

2.7 REQUIREMENTS FOR DISTRIBUTORS AND OTHER GRID USERS 

2.7.1 DEMAND CONNECFION STANLARDS 

Requirements Relating to the Connection Point 

The Distributor's or other Grid User's Equipment shall be connected to the Grid at voltage level(s) 
agreed to by ZETDC and the Distributor (or other Grid User) based on Grid Impact Studies to be 
carried out by ZETDC at its own cost. 

The Connection Point shall be controlled by a circuit breaker that is capable of interrupting the 
maximum short circuit current as specified by ZFFDC at the point of connection. 

Isolators shall also be provided to adequately isolate the circuit breaker for maintenance purposes 
at the local point. 

(a) Protection Arrangements 

The protection of the Distributor's or other Grid User's Equipment at the Connection Point 
shall be designed, coordinated, and tested to achieve the desired level of speed, sensitivity. 
and selectivity in fault clearing and to minimize the impact of faults on the Grid as per the 
guidelines in section Sal this Grid Code. 

(b) Transformer Connection and Grounding 

lithe Distributor's orotherGrid User's Tlqui pinent are connected to the Grid, the high-voltage side 
of the transformer shall be connected in W,  ye. with the neutral available for connection to ground. 

zt€'rrx: shall specify the connection andgrounding requirements for the low-voltage side of 
the transformer, in accordance with the provisions of section 8 of the Grid Code. 

(c) Frequency Response 
There shall not be unacceptable frequency deviation outside statutory standards. As such M.- 
should manage both the Over-frequency and Under-frequency conditions adequately through 
adequate reserves and effective frequency management facilities. ZlSl'DCshall economically 
manage the establishment, implementation and usage of relevant contracts required to ensure 
timely availability of adequate reserves required for frequency response. 

(U) 	tinder-frequency Relays for Automatic Load Shedding 
2.7.1.1 The Connection Agreement or Amended Connection Agreement shall specify the manner in 

which Demand, subject to Automatic Load Shedding. will be split into discrete MV blocks 
to be actuated by Under-frequency Relays. 

2.7.1.2 The voltage supply to the Under-Frequency Relays shall be sourced from the primary System 
at the supply point to ensure that the input Frequency to the Under-frequency Relay is the 
same as that of the primary System. 

27.13 The tripping facility shall be designed and coordinated in accordance with the reliability levels 
specified by 70'DC. The overall dependability shall not be lower than 99%. 

2.7.2 COMMUNICATION AND SCADA EQUIPMENT REQUTRIAthN'IS 
2.7.2.1 Communication System for Monitoring and Control 

2.7.2.1.1 AcommunicatiOn System shall be established so that ZEFDC and the Users can 
communicate with one another, as well as exchange data signals for monitoring 
and controlling the Grid during normal and emergency conditions. 

17 
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• Unless specified otherwise in the Connection Agreement or the Amended 
Connection Agreement, the construction. Test and Commissioning, control. 
operation and maintenance of Equipment, accountability, and responsibility 
shall follow ownership. 

2.73.2 Preparation of Fixed Asset Boundary Document 
2.73.2.1 ZEI'DC shall establish the procedure and forms required for the preparation of 

the Fixed Asset Boundary Documents. 
2.73.2.2 The User shall provide the information that will enable ME DC. to prepare the 

Fixed Asset Boundary Document, in accordance with the schedule specified in 
the Connection Agreement or Amended Connection Agreement. 

2.7.3.2.3 ZEFDC shall prepare a preliminary Fixed Asset Boundary Document for the 
Connection Point at least two (2) weeks prior to the Commissioning date.The 
final Fixed Asset Boundary Document shall be produced at most 2 (two) weeks 
after the final commissioning of the connection point 

2.7.3.2.4 The Fixed Asset Boundary Document for the Equipment at the Connection 
Point shall include the details of the lines or cables emanating from ZE1'DC'S 
and the User's sides of the Connection Point. 

2.7.3.2.5 The date of issue and the issue number shall be included in every page of the 
Fixed Asset Boundary Document. 

2.7.3.3 Signing and Distribution of Fixed Asset Boundary Document 
2.7.3.3.1 Prior to the signing of the FixedAsset Boundary Document, ZE'rlX: shall send 

a copy of the completed Fixed Asset Boundary Document to the User, for any 
revision or for confirmation of its accuracy. 

2.73.3.2 The Accountable Managers designated by ZETDC and the User shall sign the 
Fixed Asset Boundary Document, afterconiinuing its accuracy. 

2.73.33 WI' DC shall provide two (2) copies of the Fixed Asset Boundary Document 
to the User, with a notice indicating the date of issue, the issue number and the 
implementation date of the Fixed Asset Boundary Document. 

2.7.3.4 Modifications of an Existing Fixed Asset Boundary Document 
2.7.3.4.1 When a User has determined that a Fixed Asset Boundary Document 

requires modification, it shall inibun Zl"TDC at least eight (8) weeks before 
implementing the modification. ZETDC shall then prepare a revised Fixed 
Asset Boundary Document at least six (6) weeks before the implementation 
date of the modification. 

2.73.4.2 When ZEfDC has determined that a Fixed Asset Boundary Document requires 
modification, it shall prepare a revised Fixed Asset Boundary Document at least 
six (6) weeks prior to the implementation date of the modification. 

2.7.3.4.3 When 7_fl'DC or a User has determined that a Fixed Asset Boundary Document 
requires modification to reflect an emergency condition. ZETI)C or the User, as 
the case may be, shall immediately notilt the other party. ZETDC and the User 
shall meet to discuss the required modification to the Fixed Asset Boundary 
Document, and shall decide whether the change is temporary or permanent 
in nature. Within seven (7) days after the conclusion of the meeting between 
ZEfDC and the User. ZEI'DC shall provide the User a revised Fixed Asset 
Boundary Document. 

2.73.4.4 The procedure specified in section 2.7.3.2.1 of this Grid Code for signing and 
distribution shall be applied to the revised Fixed Asset Boundary Document. 
ZETDC's notice shall indicate the revision(s), the new issue number and the 
new date of Issue. 

2.7.4 aEaR.ICALD!A(;RAM REQLJ!RPME\I'S 

2.7.4.1 Responsibilities of ZEFDC and Users 
2.74.1.1 ZETDC shall specify the procedure and format to be followed in the preparation 

of the Electrical Diagrams for any Connection Point. 
2.74.1.2 The User shall prepare and submit to ZETDC an F.lectrical Diagram for all 

the 1z4uipment on the User's side of the Connection Point. in accordance with 
the schedule specified in the Connection Agreement or Amended Connection 
Agreement. 
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17.5.2 Preparation of connection Point Drawings 
(a) The Connection Point Drawing shall provide an accurate record of the layout and circuit 

connections, ratings and identification of Equipment, and related apparatus and devices 
at the Connection Point. 

(b) The Connection Point Drawing shall indicate the Equipment layoul.common protection, 
control and auxiliaries. The Connection Point Drawing shall represent. as closely as 
Possible. the physical arrangement of the Equipment and their electrical connections. 

(c) The title block of the Connection Point Drawing shall include the names of authorised 
persons together with provision for the details of revisions, dates, and signatures. 

2.7.5.3 Changes to Connection Point Drawings 
(a) If ZEFDC or a User decides to add new Equipment or change an existing Equipment 

Identification, Z13Fl)C or the User, as the case may be, shall provide the other party a 
revisal Connection Point Thawing, at least one month prior to the proposed addition 
or change. 

(b) If the modification involves the replacement of existing Equipment, the revised 
Connection Point Drawing shall be provided to the other party in accordance with the 
schedule specified in the Amended Connection Agreement. 

(c) The revised Connection Point Drawing shall incorporate the new Equipment to be added. 
the existing Equipment to be replaced, or the change in Equipment Identification. 

(d) 7ETDC and the Usershdil, if they have agreed to do so in writi ng. modify their respective 
copies of the Connection Point Drawings to reflect the change that they have agreed on, 
in accordance with the schedule specified in the Connection Agreement or Amended 
Connection Agreement. 

	

2.7.5.4 	Validity of the Connection Point l)rasings 
(a) The composite Connection Point Drawing preparedhyZETDCorthe User. in accordance 

with section 2.7.4 of this Grid Code, shall be the Connection Point Drawing to be used 
for all operation and planning activities associated with the Connection Point. 

(b) If differences arise pertaining the accuracy of the composite Connection Point Drawing. 
a meeting between ZEFDC and the User shall be held as soon as possible, to resolve the 
dispute. 

2.7.6 Grid data registration 

	

2.7.6.1 	Data to be registered 
The data relating to the Connection Point and the User Development that are submitted 
by the User to ZETI)C shall be registered according to the following data categories: 

(I) jkaecast Data; 
(ii) Estimated Equipment Data; and 
(ii) Registered Equipment Data. 

(b) 	The Forecast Data, including Demand and Active Energy, shall contain the User's 
best estimate of the data being projected for the five (5) succeeding years. 

(c) 'Ihe Estimated Equipment Data shall contain the User's best estimate of the values of 
parameters and information about the Equipment for the five (5) succeeding years. 

(d) The Registered Equipment Data shall contain validated actual values of parameters 
and information about the Equipment that are submitted by the I ;ser to ZEfl)C at 
the connection date. The Registered Equipment Data shall include the Connected 
Project Planning Data, which shall replace any estimated values of parameters 
and information about the Equipment previously submitted as Preliminary Project 
Planning Data and Committed Project Planning Data. 

	

2.7.6.2 	Stages of Data Registration 
(a) 	The data relating to the Connection Point and the User Development that are 

submitted b a User applying bra Connection Agreement or an Amended Connection 
Agreement shall be registered in three (3) stages and classified accordingly as: 

(i) Preliminary Project Planning Data; 

(ii) Committed Project Planning Data; and 

(iii) Connected Project Planning Data; 

(a) 

21 



5.1. 91 of 2017 

(g) Access by ZErDC 

ZETDC and its authorised personnel shall have the right to inspect the plant of any user to ensure 
conformity to standards and restrictions. 

(h) Unintended and Unscheduled back-energisation 

The Users shall take adequate precautions to ensure that no part of the Gild is energized by the 
Users' System from anothersouste of supply unless it is requisitioned in wilting by the utility as an 
exceptional arrangement. The switcbgearandcontrols of the Users'Systems shall be sodesigned as 
to prevent back-energisation and the personnel shall be made aware of the need for this precaution. 

2.10 Site and Equipment Identification 

2.10.1 Site and Equipment Identification Requirements 
(a) ZEI'DC shall develop and establish a standard system for Site and Equipment 

Identification to be used in identifying any Site or Equipment in all Electrical Diagrams. 
Connection Point Drawings. Grid operations instructions, notices, and other documents. 

(b) The identification for the Site shall include a unique identifier for each substation and 
switchyard where a Connection Point is located. 

(c) The identification for Equipment shall be unique for each transformer, transmission line, 
transmission tower or pole, bus. circuit breaker, isolator, earthing switch, capacitor bank, 
reactor, lightning arrester, and other MV and F1 IV Equipment at the Connection Point. 

2.10.2 Site and Equipment Identification Requirements Label 
(a) ZETDC shall develop and establish a standard labelling systeim which specifics the 

dimension, sizes of characters, and colours of labels, to identify the Sites and Equipment. 
(b) ZETDC or the User shall be responsible for the provision and installation of a clear and 

unambiguous label showing the Site and Equipment Identification at their respective System. 

SECJ'ION 3—PERFORLSCE STANDARDS CODE 

3. POWER QUALITY STANDARDS 

3.1 Introduction 
This Section specifies the electrical parameters of performance of the GRID. which affect the 
performance of connected Users, and other Transmission Systems interconnected to the National 
Transmission Grid. 

3.2 	Purpose and Scope 
• To ensure that the Grid performance meets a minimum standard which is essential for ZETDC 

and the Users' System and equipment to function properly. 

• To enable Users to design their systems and equipment to suit the electrical environment that 
they operate in. 

• To enhance the quality standards of ZETDC Electrical System towards standards stipulated in 
or established under Acts and Rules and international standards. 

The Grid performance standards apply to: 

(a) Zimbabwe Power Company; 

(b) ZETDC; 

(c) any oilier generator connected to ZETDC System; 

(d) any user currently connected to or intending to be connected to ZEDC System; 

(e) any other Transmission System within or outside Zimbabwe connected or intending to be 
connected to Zl-TDC System; 

(I) 	any provider of Ancillary Services to the Transmission System. 

7MA shall monitor compliance to all matters covered by this section of the Grid Code and shall 
design and effect appropriate penalties and rewards for enforcing compliance. 

3.3 Power Quality 
Powerqualityshalitefcrtoaccef*ability 
Power Quality (PQ) determines the fitness of electrical power to consumer devices.PQ is the quality of 

the voltage rather than the power or electric current as power is simply the how of energy and the current 
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33.2.2 Control and Measurement 
Measurements may be taken at any tint by ZETDC at the customer's Gild 
Connection Point. Measurements have to be taken in accordance with methodologies 
of fEC 61000 17 or  IEEE STI) 519-1992 and have to be for at least 24 hours long 
at 10-minute measurement intervals or better. 

3.3.3 Voltage Variations 
The mainGrid voltages shall be kept within the following limits insteady state and contiitgenc 
operating conditions. 

Normal Condi Lions Emergency Conditions 
Nominal Voltage 
(kV) 

Maximum (lcV) Minimum (kV) Maximum (kV) Minimum (kV) 

400 420 (maximum) 380 420 360 
330 346.5 313.5 363 297 
220 232 209 242 198 
132 13&6 125.4 14.5 1198 
110 115.5 104.5 121 99.0 
88 924 83.6 96.8 792 
66 69.3 59.4 715 56.1 
33 34.7 31.4 36.3 29.7 
11 11.6 10.5 12.1 9.9 

* Emergency conditions are those conditions not exceeding 30 minutes. 
Table JJJJ: Voltage Voriasions 

ACCIYFA BLE VOLTAGE STEP Cl LANGE DURING MUtT CON DmoNs 

Voltage Step Change Limits: 
Measured after allowing for AVC and tap change operations on the Distribution System and 
generator AX R action. 

Approximate calculatiotr%Voltage step change = (reactive change (vlWL) * 100 %) I (fault level at 

busbar). 

Single Circuit Double Circuit/BusbarFault 
400kV +1-6% of nominal -1 	of nominal 
330kv +/-6%otnominal .6. 	i nominal 

132kV +1-6% of nominal +6'. - IT 	of nominal 
Below 132kV +1-6% of nominal +6%1-12% of nominal 

TableBJJ.2: Voltage 3zep Change 

For planned switch operations for all voltage levels voltage deviation should be within +I-3°c 

• Relaxation to 12% is to be applied in the cases of loss of a double circuit or any secured event which 
involves the simultaneous loss of more than one supergrid (SOT) or GSI' transformer. 

• •f his step change relates to a period of about 5 seconds after fault clearance. 

Generally: 
• At 132kV and below, voltage will be worse at 3 seconds than at 3 minutes. 

o No DAR. n0AVC 

• At 400kV and 275k V. voltages will be worst at 3 minutes than at 5 seconds. 

o Demand restoration. SOT tapping pulling voltage down 

Cs: 
0 

Phase  Duration Description 

Transient Phase 0-5seconds Protection operation. Fault clearance. Generator interirip. Autoclose 
schemes. Load response to voltage (I .oad aV2). AVH. svc operation and 
system oscillations die away. 

Timc Phase 1  5.30secunds DAR operates 

Time Phase 2 30seconds to 	minutes Disthbution!Natioflal Grid transfann.n. tap (AVC). Mechanically Switched 
Capacitor (MSC) switching (ARS). 

Time Phase 3 3 minutes-20 minutes Demand restored to pit-faidt level 

Table 3323: Post fault voltage enanuts 
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3.4.1 Service Reliability 
The points where electric power is supplied from the Transmission System to the users 
(generation companies. distribution companies. another Transmission System, customers 
directly connected to the transmission grid) are called delivery points or Grid supply points. 
Outages at these points directly affect the users of the Grid. The reliability level at the 
delivery points is therefore an indication of the quality of service provided by /FFDC to its 
users. Service reliability of the GRID is indicated by the reliability of delivering from large 
generating sources to the Grid Supply points. Target reliability performance of over 99.99% 
are typical of well managed transmission systems and can have a bearing on transmission 
lassr which should be less than 4%. 

3.5 Power Factor 

3.5.1 General description 
It is desirable that loads on the System have Power Factors at or close to unity as that 
represents the most efficient use of the System capability and the least loss of energy. It also 
eliminates many transient stability problems. Any load with a Power Factor lower than 90% 
is imposing an unfair burden on the Transmission System and other Users. 

3.5.1.1 Limit 

The minimum power factor allowed is 90%. 

3.5.1.2 Control and Measurement 
Power Factor measurements are made continuously in conjunction with the voltage 
measurements. Loads with inherent low power factors should automatically include 
power factor correction equipment to correct the problem. 

3 5.1.3 Penalty and Incentive 
A user with Power Factor lower than 90% may be refused connection to the 
transmission Grid until the problem is rectified. Alternatively, a penalty will be 
imposed based on load level and annualised cost of Power Factor correction 
capacitors including an incentive built into the tariff to resnid efficient utilisation of 
energy. Reactive Power Requirements 
In general the Distribution Companies shall not depend on ZETDC for reactive 
power support. ZUFI)C and other Grid Users shall provide reactive compensation 
for their System. ZKI'DC and other Grid Users shall ensure that consumers having 
inductive load install reactive power compensation equipment so that at the interface 
with /fl'JX the Power Factor is not less than 90%. 

3.5.2 Performance Monitoring 
ZETDC shall submit monthly system performance reports to ZERA with system performance 
indicators, details and format provided by ZF.RA. In the event of system disturbances that 
result in loss of system demand of more than I MVA and loss of any generation of any size, 
ZETDC shall submit an investigation report capturing the following: 

• Cause of system disturbance 
• Fault Statistics to date for the current for similar faults. Similar faults are those with 

the same system impact e.g. loss of load. 
• Whether fault was securable with respect the Grid Code standards 
• ZETDC response to fault and manual actions applied to mitigation of the fault 
• Whether the system was secure and running within limits pm-disturbance. 
• An attachment of the signed operational planning notes for the thy of event with  infor-

mation on the relevant cardinal point of the disturbance. 
• Investigation findings and mitigation measures implemented to guard against recur-

rence of similar or related losses. 
ZERA shall establish a performance incentive and penalty system to be applied to inccntiv-
ise high system reliability.Where customer business disruption is caused by ZEI'DC fault, 
ZETDC shall pay the business disruption costs directly caused by the fault. This may be to 
cover lost generation minutes. plant damage or direct business disruption costs. 
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Table 4.2.3 Conductor Current Rating (MVA) for the Transmission System for Different 
Maximum Conductor Temperatures. 

Conductor(mrn2) Voltage (kV) 
65 CC 
(MVA) 

75 cc 
(MV\) 

SOoC 
(M\A) 

Twin Bison 	(2x350) 330 746 89' - 
420 945 - 

Triple Bison 	(3050) 330 1346 14-44 
420 
(maximum) 

- 1632 1740 

4.2.4 Voltage Limits 

In steady state operation, main Grid voltages shall be kept within the following limits: 

Nominal(kV) Maximum(kV/p.u) Minimum(kV/p.a) 

330 kV 346.5/1.05 313.50.95 

400 kV 420.0 (maximum) 380.0;0.90 
Table 424: Voltage janus 

4.2.5 Outage Conditions 

The following outage criteria apply to the operation of the interconnected Transmission 
System. In general, the criterion requires that there shall be no loss of load for single 
contingency faults. 

Note that radial lines at 220 kV orabove, supplying loads in remote areas, are in this context 
considered part of the sub-transmission System. and the criteria given in Section 42 below 
should be applied to these parts of the System. 

The criteria presented in the following is based on the assumption that all lines and all 
reactive power compensation plants are available for use prior to the fault, and that reserve 
is kept on the System. 

4.2.6 Resent Requirements 
Supply to all bulk supply points shall be maintained following a sudden outage (without any 
prior fault) of any singleTransmission System component (fine. transformer,reactor.capacitor 
0rSVC). 

42.7 Stability Criteria 
The System shall remain stable for a single line to ground fault with unsuccessful high-speed 
single pole re-close and definite three pole tripping. 

The System shall withstand a sudden outage of any generating unit or black of units connected 
to the same transformer tithout toss of supply. (Ilowever, load shedding following an outage 
of the whole power station is accepted). 

42.7.1 Loading Limits 
rk,r a single outage, the following load limits shalt be applied once the new steady 
state has been reached. but prior to any operator intervention. 

Short-time (10 minutes) overloads of up to 15% on transmission lines shall be 
accepted if generation rescheduling is available (i.e. before operator action can 
be taken). 
Short-time (10 minutes) overloads of up to 1517c on transformers shall be 
accepted (i.e. 4001330 IA' and 3301220 kV transformers). 

Limited overloads for short periods are not considered to bring the conductor temperature to 
critical values neither are they expected to increase sas too much. For most of the lines, the load 
in normal operation will be much lower than the them;] rating. It would therefore take time for the 
temperature even to reach the design rating of the line. Limited, short time overloads are for these 
reasons acceptable. 
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4.22.3 System Protection Schemes 
To be able to increase the utilization of the investments already made in the Transmission 
System, use of special intelligent System protection schemes like automatic shedding of 
generation to avoid cascading line faults shall be evaluated. Such schemes can prove to 
limit the number of new lines needed on the System, and thus considerable investments 
can be saved. 

4.2.8.4 Steady State Stability Limits 

When evaluating the System's transfer limits, cam should be taken to design the System 
with adequate margin to voltage collapse phenomena. Note especially that a voltage 
collapse might occur at voltage levels above the minimum operating levels indicated 
above. Transfer limits must ensure that a single outage does not bring the System into a 
steady state instability situation. The System should be regarded as unacceptable from a 
planningpointofviewifitrunsoutof voltage control range following a single contingency. 

4.2.8.5 Maintenance Restrictions 
The proposed "N- I" criterion used for the Transmission System does not take into 
account outages due to maintenance. The reason is that it has been assumed that no major 
maintenance till be carried out during peak load, which is considered to determine the 
design of the System. Depending on circumstances, it might be necessary for the planner 
evaluate the System even for -N-2-  conditions, and weigh costs and benefits of designing 
the System to meet such a criterion. Planning of reactive power compensation plants 
are obvious candidates for such evaluations as such plants are often connected via large 
power transformers that might have to be taken out of service at times when the reactive 
power compensation is needed the most. 
In general, when evaluating different development strategies. those alternatives that 
are foreseen to better meet requirements during maintenance, should be preferred if the 
alternatives are otherwise comparable. 

4.3 	Sub-Transmission System Planning Criteria 

The Zimbabwe Sub-transmission Systcmcoinprisesof66 kV, 88kV. 110kv, and 132kV System. 

The following planning criteria apply to the 66kv. 88kv, 110 kV and 132 kV Systems and any 
lines at higher voltage that only serve a local area supply function (for instance radial 330 kV 
lines and receiving end substations). Note that the 330 kV substation transformers are considered 
part of the sub-transmission System. The reason for this is that an outage of a 330:132(88) kV 
transformer will have no significant impact on the operation of thelransmission System. whereas 
it might cause a black-out in the sub-transmission System fed from the substation. 
Asopposed toa faultonthe interconnectedTiansmission System. which might leadtoa widespread 
blackout, a fault on the sub-transmission System will affect only one bulk supply point or  few 
sub-transmission sub-stations. The required reliability level on the sub-transmission System is 
therefore normally lower than in the bulk power Transmission System. 

4.3.1 Voltage Definitions 
The voltage definitions used in this manual an based on recommendations given in JEC 
Standard 38. This standard gives recommendations on boththe highest voltage and the nominal 
voltage for equipment with a highest voltage not exceeding 245 kV. 
For normal operating conditions, the follcning sub-transmission voltage limits shall apply: 

Normal (IN)  Maximwn (kVp.u.) Minimum (fl!/pu.) 

132  138.6/1.05 1254 0.95 

110  115.5/ 1.05 104.5:1195 

88  92411.05 83.6/0.95 

66  69.3/1.05 59.4'0.95 

Table 43.1: StaMardvofragcIimit 
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(c) For substations with a peak demand of less than 100 MW: 

After utilizing all available switching opportunities (i.e. including switching in healthy 
units of banked transformers and making use of backup opportunities from adjacent 
substations) there should be sufficient capacity to meet 80% of peak demand. 

- Loss of  Single Sub-Transmission Line: 
(a) For loss of a line to an area with a peak demand of more than 200 MW: 

After utilizing all available switching opportunities (i.e. including backup opportunities 
from adjacent substations) there should be sufficient capacity to maintain full peak load 
supply. 

(b) For loss of a line to an area with a peak demand of 100 MW to 200 MW: 

After utilizing all available switching opportunities (i.e. including back-up opportunities 
from adjacent substations) there should be sufficient capacity to meet8o% of peak demand. 

(c) For loss of a line to an area with a peak demand of less than 10() MW: 
No back up required. (Note that most line outages are expected to be short) 

- Loss of a .132kv Substation Transformer 

(a) Fora substation with a peak demand of more than I 00MW. momentary reserve shall be 
provided. 

(b) For a substation with a peak demand of between 50 and 100MW: 

After utiising all available switching options making use of back-up opportunities from 
adjacent substations, there should be available capacity to maintain 100% peak supply. 

(c) For a substation with a peak demand of less than SONIW: 
There should be sufficient capacity at adjacent substations to maintain 500v of Peak 
Demand. 

4.3.4 132 kV Transformer Loading limits 
The following 132kv transformer loading limits shall be applied following transformer 
outages. The set limits are based on IEC standards 38 orZEfl)C design, assuming an ambient 
temperature of 30 deg. C. Momentary loading based on 1EC standards 38 or ZETDC design 
is for a period of 30 minutes. 

TRANSFORMER NAMEPLATE RATING 
(NIVA) 

NIOME\I'ARILY CONTINUOUS 

90\IVA. (ONAF) 115 90 

Oi7SMVA. ONAN ()N.W 95 75 

3050\1\A. (ONAN ()N.\H 55 50 

3545N1VA.(ON.\NONAH 50 45 

20 3GM VA. (0N.\N1ONAF) 35 30 

202\1VA.(ONAN) 23 20 

IOMVA. (ONAN) 12 10 

7.5MVA, (ONAN) 8.5 7.5 

SN! VA. (ONAN 6 5 

4M VA, (ON AN) 4.5 4 

Tab/, 43d: £32 *1'. JIO*t  88 kVaad EokVtia fonnnIoaduig (MI/A) 

43.5 330kV Transformer Loading Umits 
For a single outage. the following load limits shall be applied: 
• No overloads on sub-transmission tines shall be accepted. 

• The following 330 kV substation transformer load limits shall be applied both following 
line and transformer outages. (F he limits are based on IEC standard 38 assuming an 
ambient temperature of 30 oC. Transformer load factors are accounted for.) Momentary 
loading based on the LEC standard 38 is for a period of 30 minutes. 
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(ARS)Costs of losses shall be evaluated as part or the economic analysis of the different 
System atternatives.The analysis shall include evaluationsonoptimumlinedesigu (voltage 
and conductor type and configuration). 

4.3.7.2 Line and Substation Design 

In general, all new sub-transmission projects should be designed for 132 kV operation 
although initially being planned for operation at 88 W. All new 132 kV lines should be 
designed for a maximum conductor temperature of 750C. 

4.4 	Network Development Approach and Methodology 

This Section presents the approach and methodology to be adopted in the transmission planning 
process in ZETDC. The aim has been to lay a framework for the planning aspects involved in 
transmission and Sub-transmission System planning covering the required inputs, the expected 
constraints, the expected results and the basic steps to be taken. 

The planning and design of the Transmission System is aimed at producing a network that is 
capable of transmitting electrical energy from the generating plants to the load centres in an 
economic, safe and reliable manner. The planning process itself tends to be complex since there 
is no single best solution to a problem. Certain selection processes have to be used to eliminate 
some alternatives and come up with a plan that satisfies the constraints to the maximum extent. 
In general. the planning process has been subject to developments and refinements over the 
years with improved software programs and powerful computers 'inking it realistic to perform 
comprehensive calculations in shorter time frames. 

Similar developments in the planning process are expected in future. Power System planning 
approach and methods will therefore be subject to amendments as experience is gained on the 
various study methcxls and limitations and drawbacks are realised. 

4.4.1 Objectives 

TheTransmission System serves to transferenergy from the generatingcentres to the consumer 
and should do so in a reliable, safe and economic manner. Transmission planning should thus 
result in least-cost transmission development plans that are capable ofsupplying the forecasted 
load while providing operational flexibility. The capability of transactions with neighbouring 
Systems as well as wheeling must also be considered. The System should operate within 
acceptable voltage limits and without dangerous or damaging overloads to equipment both 
under normal conditions and in emergencies. 

Good planning is based on a reasonable number of technically acceptable alternatives. The 
costs and benefits of each alternative, including environmental impacts. need lobe compared 
in order to select the best alternative. Decision analysis techniques should be used to permit 
evaluation of non-cost factors - 

4.4.2 Approach 

The nature of Transmission Systemplanning leads to a multi-objective evaluation of a number 
of alternative expansion scenarios that in most cases become an impracticable task. The normal 
approach in network planning is thus to can) out a technical analysis on the most promising 
development plans based on attaining certain reliability levels. 

As the demand for a high quality electricity supply has increased, it has become important to 
express the reliability level using quantitative measures to facilitate the evaluation of different 
System development alternatives. This makes it possible to establish the balance between 
incremental worth of service quality improvement and incremental cost of providing that 
improvement. This becomes an optimisation problem where the total cost is the objective 
function and the requited level of reliability becomes the point of minimum total costs as 
illustrated in Figure 4.4.2. Motor of workhas now beendevoted tothe developmcntof procedures 
and computer programs for reliability-based analysis. 
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Figure 4.4.3 Stages in the Transmission Planning Thuccss. 

Input Data: 
Load Forecasts 

Generation Data & Scenar 
• Network Data & Operating Philosoph 
• Statutory & Regulatory limitations 

t 
Assess Existing Network against Planning Criteria: 

Loadflow, short circuits & stability at different stages. 

	4  
Generate alternatives Ibr network expansion & reinforcement 

+ 
Assess technical feasibility of alternatives with reference to 

transmission planning criteria 

Cost alternatives & carry out least cost economic analysis. Carry out 
economic cosL-bcneflt analysis on least cost alternative. 

no 
Are 

Economic criteria 
Satisfied'? 

yes 

Carry out financial cost-benefit analysis on least cost alternative. 

Further refine the alternatives: 
-substation basic layout 
-pmtcction requirements 

-other issues 

4 
Recommend a transmission expansion plan 
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ZETDC shall maintain an up to date fault level database, which should be made available 
on request by Grid Users. ZEFDC shall inform the Grid User, if fault levels at a Connection 
Point are likely to impact adversely on the User's Equipment connected to the Grid. 

4.4.7 Stability Analysis 

A stability analysis will be performed to determine the Transmission System's response to a 
sudden change in the state of the System due to faults on the System and unit outages. The 
stability analysis will determine: 

(I) Unit/station stability during faults 

(ii) Voltage levels and deviations 

(iii) Frequency levels and frequency deviations 

(iv) Synchronous generator rotor oscillations and real and reactive power outputs 

4.4.8 Economic Analysis 

Electricity plays a major role in the economic developmentof thecountry as a whole.Themfore 
the transmission development plans that result in a reliable network are core elements in the 
strategy for raising the economic and social welfare of citizens. This involves demonstrating 
that the proposed project is likely to contribute significantly to the development of the entire 
economy to justify the use of the resources envisaged fbr the project. 

Cost-benefit analysis provides a tool of assessing the worth of a project to society. However it 
is not an easy task to identify and cost the benefits of some projects. This makes cost-benefit 
analysis a time consuming task and hence it becomes costly to carry out on all alternatives. 
Vhctt the alternative projects are aimed at satisfying the same objective, a cost-effective 

analysis can be used to compare the alternatives. In transmission planning. least-cost analysis 
should be used toeliminate some alternative expansion plans. Cost-benefit analysis is therefore 
carried out on a few projects that are among the least cast solutions to the problem. These 
feweralternativcs would satisfy the set economic criteria inZETDC. However in cases where 
the criteria are not met then alternatives are modified and thus the process becomes iterative. 

4.4.9 Environmental Analysis 

he environmental analysis focuses on the project's impact on the environment, both human 
and bio-physical. during construction, operation and dc-commissioning. 

The environmental impact study should provide baseline information to be used in monitoring 
environmental impacts and asseccing the effectiveness of mitigatory measures. Both negative 
and positive environmental impacts should be identified and quantified to the extent possible. 

4.4. 10 Financial Analysis 

Financial analysis of a project involves determining the cost and revenue of the project. T lie 
costs give an indication of the funds needed to complete the project. while the revenue and 
sources of funds determine whether a project can sustain its financial obligations and have 
adequate working-capital as well as generate sufficicutcash flow to meet the project operational 
expenses. Above all the analysis should indicate whether the project is feasible by comparing 
the costs and benefits. 

The project costs and benefits used in financial analysis should be provided and updated as 
and when necessary by '/.EFDC. The technique provides a measure of the profitability of the 
project. It is recommended that financial analysis should only be carried out on the screened 
alternatives that have been proved to be economically viable. 

4.4.11 Final Selection 

The final plansthat have undergone the screening process listed above are furtherinvestigated 
and refined to provide the degree of detail required for the specification of the equipment. 'l'hrs 
may include fault analysis, analysis ofoperational contingencies and protection requirements. 
The investment necessary to satisfy these requirements is generally far outweighed by the 
investments required to satisfy the steady state and dynamic criteria covered in the early 

planning stages. 

The  process of transmission planning that has thus been described involves a trade-off 
between the level of detail and the number of alternatives studied. The technical analysis of 
transmission planning projects is carried out on a larger number of alternatives compared to 
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1 Demand Side Management 

Least Cost Planning approach entails emphasis on three key elements: 

Production Cost Model 

1 Yes 

3 	LEAST COST PLAN 

Figure 453 Re.c1ource Integration: Dynamic Svstc,n Opthni.aiinn Mode! 

4.5.2 lsad Forecasting 

Electricity power supply and demand must be balanced at all times and the challenge for any 
electricity supply company is to provide a reliable electricity supply service at least cost. To 
meet this challenge it is necessary to plan for a level of investment that meets future energy 
consumption and maximum demand given by a load forecast It is therefore of paramount 
importance to estimate what the load demand will be for the planning period. 

Guessing wrung can be extremely costly. The major uncertainties in forecasting and planning 
should be explicitly recognised in the planning process. In onlerto minimise load-forecasting 
uncertainties, the load forecast forgeneration planning will mainly comprise of the low case. 
base case and high case as provided and updated by ZETDC on an annual basis or when the 
need arises robustness and flexibility are important planning goals. 
Electrical demand and energy forecasting is mainly classified into three ranges: short, medium 
and long-term forecasts. The short term forecast is useful in determining unit commitment and 
economic dispatch; medium term forecasting is required for fuel procurement, maintenance 
schedulingand diversity interchanges; whereas the long-term forecast (annual peak and energy 
consumption forecast) is necessary for System expansion planning and financial analysis. 
Energy and demand are forecast on an annual basis for the 20-year planning period so as 
to provide a sufficient time horizon in providing future development options. ZETDC shall 
employ load-forecasting software, which includes but not limited to UAW. 
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4.5.6 Operating Environment 

With the advent of Independent Power Producers (11111). the characteristics of the utility 
planning environment suggest four principles for improved decision making: 

• Evaluate decisions as they affect customers and investors. 

• Analyse the effects ol uncertain variableson the customcr'scostof service and the investors 
return. 

• Consider the long-term consequences of investment decisions for the relevant range of 
uncertainties and for major contingencies. 

• Ensure that decisions are well documented with supportive studies and rationale for the 
purposes of public and regulatory retrospective review. 

4.5.7 Generation Manning Toots 

ZLTDC: shall employ planning software, which includes but not limited to WASP and 
t:I'L\N-E. 

4.6 	Manning Data Exchange 

In order to ensure adequate planning and development of the Transmission Grid, ZEFDC will 
require information pertinent to planning that maybe resident inothercompanics such as ZETDC 
and any other customers connected to the Grid and ZPC and any other suppliers of power in 
the Grid. ZETDC should have full access to all the relevant data from these companies as and 
when the need arises. ZEFDC shall provide standard data format for this purpose. A more 
detailed account of data requirements is given in Section 8 of this Grid Code. The information 
requirements shall basically include, but not limited to: 

• Historical Energy and Demand 
• Energy and Demand Forecast 
• Dependable capacity 
• ZERAandor SAPP approved criteria 
• ZEII)C or any other User or Customer System Data 
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5.4.5 Responsibilities of Distributors and Other Users  
Distributors and other Users are responsible for submitting their Demand data for the 
Grid Operating Pmgnm to be used in Scheduling and Dispatch 

• Distributors and other Users are responsible for implementing all Dispatch Instructions 
pertaining to Demand Control during an emergency situation. 

5.5 	Scheduling and Despatch Principles 

5.5.1 Grid Operating Margin 
• The Operating Margin of the Grid shall include the generating capacity for the Frequency 

Regulating Reserve, which is required to respond to changes in Demand during normal 
conditions and the Contingency Reserve needed to respond to a sudden reduction in 
generation during emergency conditions, in accordance with the Grid operating criteria. 

• The System Operator shall allocate the Frequency Regulating Reserve to strategically 
located Generating Plants in order to achieve the required levels of Primary Response 
and Secondary Response to Frequency changes in the Grid. 

• The System Operator shall allocate the Contingency Reserve to strategically located 
Generating Plants to cover against uncertainties in generating Plant availability. 

5.5.2 Scheduling and Dispatch Criteria 
• The Market Operator and the System Operator shall take into account the following 

operational criteria in Scheduling and Dispatch: 
(a) the Synchronized generating capacity shall be sufilcient to match, at all times. 

the forecasted Grid Demand and the required Frequency Regulating Reserve and 
Contingency Reserve to ensure the Security and Reliability of the Grid; 

(b) the availability ofGenerating Units at strategic locations sothat the Grid willcontinue 
to operate in Normal State even with the loss of the largest Generating Unit or the 
power import from a single interconnection whichever is larger; 

(c) the technical and operational constraints of the Grid and the Generating Units; and 
(d) the Security and Stability of the Grid. 

• The Market Operator shall take into account the following factors in preparing the 
Generation Schedule: 
(a) the registered parameters of the Scheduled Generating Units: 
(b) the requirements for voltage control and Reactive Power, 
(c) the need to provide an Operating Margin for Frequency Control; 
(d) availability of Ancillary Services; and 
(c) bilateral contracts between Generator. and Users. 

• The SystemOperatorshall take intoaccount the following factors indispatehing Generating 
Units and in satisfying needs for imbalance Energy in real time: 
(a) the Generation Schedule; 

(b) the Demand requirements of the Users; 
(c) grid congestion problems; 

(d) system Loss; and 
(e) the requirements for :ncillary Services. 

5.5.3 Scheduling and Dispatch Data 

• All the bids to buy Energy and offers to supply Energy for each hour of the trading day 
shall be submitted to the \ larket Operator one thy ahead of the trading day.  

• The Generator shall submit to the System Operator the following information for its 
Scheduled Generating Units: 

(a) details of any special factor which may have a significant effect on the output of the 
Scheduled Generating Unit; 

(b) any temporary change, and its possible duration, to the Registered Data of the 
Scheduled Generating Unit; and 
any temporary change, and its possible duration, of the Generator's availability to 
provide Ancillary Services. 

(c) 
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(9) generating Unit Synchronising grnups; 
(10) generating Unit ramp rates hot and cold (three rates each for three different 

levels of turbine metal temperature with time breakpoints); 
(11) generating Unit ramp-up rate MW breakpoints; 
(12) generating Unit ramp-down rates (three rates with two MWbreakpoints); 
(13) generating Unit loading rates (three rates with two MW breakpoints): 
(14) generating Unit Load Reduction rates (three rates with two MWbreakpoints); 

and 

(15) maximum Generation reduction in MVAR generation Capability; 
(c) Price Data: 

(1) generating Unit Start-Up Price; 
(2) generating Unit No-Load Price; and Scheduling and Dispatch* 
(3) generating Unit Incremental Price. 

5.6.3 Redeclaration of Capability and Availability 
• If a Scheduled Generating Unit becomes available at a different capacity. the Generator 

shall provide the Market Operator, within the prescribed deadline, a revised Capability 
and Availability Dedaratioa 

• If the revised Capability and Availability Declaration is submitted within the prescribed 
deadline, the MarketOperatorshall takethe revised Capability andAvailabilitv Declaration 
into account in the preparation of the final day-ahead Generation Schedule. 

5.6.4 Merit ()rderTable 

The Market Operator shall prepare a Merit Order Table based on ascending prices. The 
Scheduled Generating Unit that has the lowest price per kWh shall be at the top of the \leriI 
OrderTableOnce prepared, the MeritOrderTable shall be usedin determining whichOeneniting 
Unit will be committed for the day-ahead Generation Schedule. 

5.6.5 Unconstrained and Constrained Generation Schedules 

• The Market Operator shall use the Merit OrderTable to match the offers to supply Energy 
with the bids to buy Energy. in accordance with the Market Rules, in developing the day-
ahead unconstrained Generation Schedule. 

• The System Operator shall determine the feasibility of the Unconstrained Generation 
Schedule submitted by the Market Operator considering the constraints in the (hid. 

• The Unconstrained Generation Schedule shall then be adjusted by the Market Operator to 
develop the finalConstrained Generation Schedule. Afterthe completion of the Scheduling 
process. but before the issuance of the Generation Schedule, the Market Operator may 
make necessary adjustments to the output of the Scheduling process. Such adjustments 
may be due to the following factors: 
(a) changes tooeneration Scheduling and DispatchParamctcrs ofScheduledGenerating 

Units except Generation Price l)ata; 
(b) changes to (hid Demand Forecast; 
(c) changes to transmission line and transformer constraints; 

(d) changes to Scheduled Generating Units' requirements within constrained groups 
following notification to the Market Operator of the changes incapability and 
Availability of another User; 

(e) changes to Scheduled Generating Units' requirements within constrained groups, 
following reappraisal of Demand Forecast within that constrained group; 

(f) changes to Grid conditions which may have a Nfaterial Effect on the Grid and 

(g) changes to the scheduled daily water usage of hydroelectric Generating Plants. 

5.6.6 Issuance of Generation Schedule 

• The Generation Schedule forthe next Schedule Day shall be issued by the Market Operator 
within the period prescribed by the Market Rules. However if a Significant Incident 
occurred while the Generation Schedule is being prepared, the Market Operator may 
extend the deadline for issuance of the final Generation Schedule. 
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• The Dispatch Instruction to Shutdown a Generating Unit shall specify the Shutdown time. 
Dispatch Instructions for Ancillary Services 
• The Dispatch Instructions for Frequency Regulating Reserve shall specify whether the 

Generating Unit will provide Primary Response or Secondary Response. 

• The Dispatch Instructions for Spinning Reserve and Back-up Reserve shall contain the 
generating capacity to be provided by the specific Generating Unit. 

• The Dispatch Instructions for Black Start shall contain the specific instruction for the 
Generating Units to initiate a Black Start procedure. 

• The Dispatch Instructions for emergency load reduction shall contain the generating 
capacity to be dropped and the time the load reduction is to be implemented. 

• The Dispatch Instructions for Voltage Control shall specify the target voltage level or the 
maximum generation of Reactive Power. 

Scheduled Generating Unit's Response to Dispatch Instructions 
The Generator shall acknowledge immediately and comply with the Dispatch Instructions 
it received from the System Operator. 
A Scheduled Generating Unit already synchronized but not yet operating at its Net Declared 
Capability, shall be ready to implement subsequent Dispatch Instructions. or shall notify' 
the System Operator of any possible time delay if not ready to implement such order. 
Generating Units providing Frequency Regulating Reserve and Contingency Reserve for 
the Gild shall respond to the Dispatch Instructions of the System Operator according to 
the required capability of the Generating Units. 
In the event that in carrying out the Dispatch Instructions, an unforeseen problem arises. 
the Generator shall notify the System Operator without delay. 
Where there ate changes in conditions, the Generator shall report such changes to the 
System Operator for updating the appropriate Dispatch Instructions. 
Any Scheduled Generating Unit, previously Synchronised to the Grid that gets isolated, 
shall notify the System Operator immediately and shall state the cause of isolation. 
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6.3 System Monitoring 

ZETDCshaII maintain acontrol centre that is manned 24 hours aday by an appropriate numberofpersonnel 
for the purpose of system monitoring and control. The control centre must be equipped with a computer 
based supervisory, data acquisition and energy management system. 

For effective operation of the transmission grid ZEFIX shall continuously, in real time, monitor the 
following: - 

(a) actual generation unit active sent out power (MW)—it is important that the generator's declared 
availabilities are realistic and ZETDC advised of any departures as per provisions in PP.4's. 

kqually important all information on generator trips shall be urgently conveyed to ZFT'DC System 
Operator. 

(b) actual active power (MW) drawn by grid Users. 

(c) tie line interchange. 

(d) reactive power (MVAr) flows into or out oIZETDC grid. This information is necessary for and will 
assist in voltage management. 

(e) system frequency—this information gives an indication of the demand—supply balance. 

(1) 	voltage profiles in all stations and points of connection. 

(g) equipment loading. 

6.4 System Services 

System services are all services essential for the proper functioning of the transmission grid and which 
determine power quality. These services include, but not limited to, frequency control, voltage control 
and operating reserves. ZETDC shall ensure that the transmission grid is operated siili adequate levels of 
these services. ZETDC shall advise Grid Users of the required contribution levels of the services where 
they are mandatory and shall itself, procure adequate levels where ZETDC has to self-provide. 

6.5 Frequency Control Service 

ZETDC shall operate the grid in a manner that provides adequate frequency control within applicable 
limits at all times in order to maintain the security and integrity of the same. Both primary and secondary 
frequency control shall be as per recommendations from ZEI'lX. 

6.6 Frequency Range 

The frequency ithinthe SouthernAftican PowerPool (SAI'P) is maintained andcontrullcd jointly byallthe 
interconnected utilities. The normal frequency shall be 50.01-lz with a statutory range of 47.5l-lz-52.51I7-
The operational range. which is narrower than the statutory band, shall be as recommended by the SAPP 
or ZETOC when operating in the interconnected or islanded mode respectively. 

6.7 Frequency Control 

(a) all generators must operate under the control of a governor system at all times when synchroniscd 
to the grid. 

(b) all governors shall be capable of droop adjustments of between 3 and 6%. The actual governor 
settings to be implemented for primal) frequency control shall be as specified in the connection 
agreement. 

(c) no deliberate time delays shall be introduced in the governor control systems. 

(d) frequency dead bands shall be as per recommendation from ZETDC in consultation with SA PP 
utilities. 

(e) exemption for free governor mode for power stations not having free governor mode facility shall 
be sought from ZETDC. 

(I) ZETDC shall employ Automatic Generation Control (AGC) and manual actions for secondary 
frequencycontrol. Generators required to he underAGC shall be specified inthe connection agreement 
and those not operating under .4CC shall continue to follow dispatch instructions from the System 

Operator. 
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Voltage Step Change Table 4.3.6.1: 

Single Circuit Double CiivuitfBusbarFault 
400kV +1-6% of nominal +40t/-12% of nominal 

330kV +1-6% of nominal -e-6%/42% of nominal 

132kv +1-6% of nominal +6%1-12% of nominal 

Below 132kv +1-6% of nominal -+-6%/-12% of nominal 

lkn planned switch operations for all voltage levels voltage deviation should be within +/-3% 

Relaxation to 12% is to be applied in the cases of loss of a double circuit orany secured event which 
involves the simultaneous loss of more than one supergrid (SGT) or GSP transformer. 

This step change relates to a period about 5 seconds after fault clearance. 
Generally: 

At 132kV and below, voltage will be worse at 5 seconds than at 3 minutes 

o Nol)AR,noAVC 

• At 400kV and 275kv, voltages will be worst at 3 minutes than at 5 seconds 

o Demand restoration. SOT tapping pulling voltage down 

Post fault voltage dynamics: 

5 TL\th l'UASF.S 

Transient Phase 	0-Sseconds 

Protection operation. limit clearance. 

Generation intertrip, Autoclose schemes. 

Load response to voltage (Load av2) 

AVR, svc operation 

System oscillations die away 

Time Phase I 	5-30 seconds 

DAR operates 

Time Phase 2 	30 seconds to 3 minutes 

Distribution /National Grid transformers tap (AVC) 

Mechanically Switched Capacitor (MSC) switching (ARS) 

Demand restored to pre-fault level 

Time Phase 3 	3 minutes-20 minutes 

6.11 Voltage Control 

(a) Grid voltages will continuously be monitored and controlled accordingly. ZETDC shall adjust grid 
voltages using available control facilities. 

(b) Generator excitation systems shall be normally operated under a continuously acting Automatic 
Voltage Regulator (AV R) which shall be set to maintain a constant terminal voltage. 

(e) 	The ZETDC shall instruct the generators on what terminal voltage to maintain. 

(d) Generators may only disable the action of .AYR if such action assists in improving on the reliability 
of the generator. 

(e) As an emergency measure ZETDC may implement demand shedding to prevent lower voltage limit 
excursions. 

(0 	Line switching will be implemented only if it does not jeopardise system security. 
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Users drawing load will identify non-essential components of their load for the purpose of 
keeping them off during system contingencies to aid in system restoration. The non-essential 
loads can be put on only when the system is restored as advised by the ZETDC. All Users shall 
pay special attention in carrying out the procedures so that secondary collapse due to undue 
haste or inappropriate loading is avoided. Despite the urgency of the situation, careful prompt 
and complete logging of all operations and operational messages shall be ensured by all Users to 
facilitate subsequent investigation into the incident and the efficiency of the restoration process. 

617 Records 

ZETDC shall maintain a historical database of power and energy demand. This information is very useful 
as input to demand forecasting and for reconciliation and reporting. 

6.18 Demand and Energy Data records 

The following historical data shall be maintained to facilitate System Studies: 

• Energy produced by source of energy. 

• Energy sent out by source of energy. 

• Energy at the Connection Points and at 330 kV substations. 

• System maximum demand. 

• 330 kV substations absolute maximum demand- 
* 	330 kV substations demand at the time of the System Peak. 

• 330 kV substations demand at the time of the System Light Load- 
* 	Sub-transmission substations absolute peaks. 

• Sub-transmission substations loads at the time of 330 kV substations peak loads. 

• Sub-transmission substations at the time of System peak load. 

• Sub-transmission substations at the time of System light load. 

The data shall be captured on hourly basis and either an electronic copy or hard copy shall be kept and 
produced on request. 

6.19 Safety records 

Legibly written Switching Logs, in chronological order, shall be maintained by both and designated Senior 
Authorised persons for all operations and messages relating to safety co-ordination sent and received 
by them. All Switching Logs and safety documents issued for work on plant and/or equipment shall be 
retained for a period of not less than one year. 

620 Fault Recording and Reporting 

When a fault occurs on the power system it causes unplanned changes in the Active Power, Reactive 
Power. Voltage. Current and/or Frequency associated with the transmission grid. 

Faultreports for all faults on the ZEF DC grid shall be generated- Equally all Users whose equipment is 
faulted and impacts on the ZETDC grid must report the details of such a fault to ZETDC at the earliest 
opportunity. ZETDC shall record permanently all relevant information pertaining to the fault. 

Faultreports shall contain, but not limited to. the following information: 

date and time of Fault: 

location of Fault; 

circuit Breaker(s) operations; 

cause of Fault; 

injuries to Persons and/or Damage to Plant; 

load Interrupted and Duration of Interruption: 

protection Operations; 

any other relevant information. 
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In the case of problems with direct TelOne calls, a priority call can be obtained by dialling the local 
operator. stating "URGENT ELECIRICITY (Al.l7 and asking for the required number. The Operator 
will consider the call as an emergency and obtain the number with minimum delay. The Postmaster 
General (PMG)'s Circular No. 40 of 1983, which may be quoted in the event of misunderstanding. coven 
the above procedure. 

Use of mobile communication should be used as a last resort. 

6.23 Demand Control 

Provisions of this section are to enable ZEI'lX to implement demand reduction or demand addition in a 
manner that ensures the continued balance between supply and demand. Demand reduction will help in 
maintaining system integrity incases of demand—supply mismatch and equipment overload. Similarly a 
demand addition (reconnection) svill assist in achieving controlled picking of demand. 

ZETDC shall be responsible for issuing instructions for to Users for picking or dropping load under normal 
or emergency conditions. 

6.24 Planned Demand Control 

In the case of a supply—demand mismatch is foreseen YMI'DC will alert Users drawing power from 
ZFT'DC grid in terms of the times and load quantum to be curtailed. 

ZEFDC and t Tsers shall produce a load shedding programme that will be followed when there is planned 
load demand control. 

Where them is not enough time to notify Users ZE1'DC shall curtail load in a manner that does not strictly 
follow the ag.ccd load shedding programme. 

6.23 Automatic (Emergency) Demand Control 

Emergency operating conditions requiring automatic demand control occur when them is a sudden loss 
of generation substantially in excess of spare plant capacity. ZETDC in consultation with grid Users shall 
prepare the plan for automatic load shedding during the low frequency conditions. 

During periods of low frequency conditions generating stations shall assist through the following: 

(a) endeavour to assist the system frequency to rise to50 Hz, by increasing generation whenever possible. 

(b) not disconnecting manually from the transmission system unless there is definite evidence that a 
complete failure of generation would otherwise result. 

The person in charge at each generating station, however, will retain the right to shut down plant if he 
she considers that its continued operations would be unsafe, or would result in breakdown of the plant. 

6.26 Power System Restoration After Blackout 

ZETDC System Operators are required to direct and co-ordinate restoration efforts after blackouts. This 
can only be achieved safely and quickly by using a well-organised and systematic approach as specified 
in this Section. 

It is incumbent on all grid Users authorised to carry out switching (in the network tohe thoroughly familiar 
with and observe the following restoration procedures: 

ZETDC and the Grid Users are required to accurately assess the extent of the blackout and the status 
of plant and equipment. and from available information determine the best method for restoring 
supplies. Important operational requirements, critical loads, alternative supply options. etc. should 
receive the required priority. 

(b) ztrix: and the (hid Users should safely and quickly restore supplies by carrying out switching. 
directing and co-ordinating staff involved in the exercise. They must not get involved with non-
operational matters, especially to answer queries from other staff and the public. 

(c) ZETDC shall direct and co-ordinate system restoration with Users and interconnected utilities in 
accordance with standing instructions and laid down procedures. 

(d) Generating station Operators shall direct and co-ordinate the start-up of generating machines to be 
ready for synchronising in accordance with local standing instructions and procedures. 

(a) 
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• the extent and condition of the Equipment involved; and 

• a proposed System Test Procedure specifying the switching sequence and the timing of the 
switching sequence; 

• the Test Proponent shall provide sufficient time for the planning of the proposed System 
Test shall determine the time required for each type of System Test; 

• ZEI'DC may require additional information before approving the proposed System Test if 
the information contained in the System Test Request is Sufficient or the proposed System 
Test Procedure cannot ensure the safety of personnel and the Security of the Grid; 

• ZETDC shall determine and notify other Users, other than the System Test Proponent, that 
may be affected by the proposed System Test; 

• ZETDC may also initiate a System Test if it has determined that the System Test is necessary 
to ensure the safety, Stability. Security, and Reliability of the Grid. 

6.29.3 System Test Group 

Within one (1) month after the acceptance of a System Test Request. ZETDC shall notify the 
System Test Proponent. (if it is not the System Test Proponent) and the affected Users of the 
proposed System Test. The notice shall contain the following: 

(a) the purpose andnaturc ofthe proposed SystemTest. the extent and conditionofThe Equipment 
involved, the identity of the System Test Proponent, and the affected Users; 

(b) an invitation to nominate representative(s) for the System Test Group to be established to 
coordinate the proposed System Test; and 

(c) ifthe SystemTest involvesworkortestingon FIV and flEW Equipment. the SafetyCcxntlinators 
and the safety procedures specified in the Electrical Safety Rules Hand Book shall be adhered 
to: 

the System Test Proponent and the affected Users shall nominate their representative(s) 
to the System Test Group within one (I) month after receipt of the notice to ZETDC. 
ZETDC may decide to proceed with the proposed System Test even ii the affected Users 
fail to reply within that period; 

• ZETDC shall establish a System Test Group and appoint a System Test Coordinator, who 
shall act as chairman of the System Test Group. The System Test Coordinator may come 
from ZETDC or the System Test Proponent; 

• The members of the System Test Group shall meet within one (1) month after the Test 
Group is established. The System Test Coordinator shall convene the System Test Group 
as often as necessary; 

• The agenda for the meeting of the System Test Group shall include the following: 

(a) 	The details of the purpose and nature of the proposed System Test and other matters 
included in the System Test Request; 

(I,) Evaluation of the Systemlest Procedure as submitted by the Systemlest Proponent 
and making the necessary modifications to come up with the final System Test 
Procedure; 

• (c) The possibility of scheduling simultaneously theproposed SystemTest withanyother 
test and with Equipment Maintenance which may arise pursuant to the Maintenance 
Program requirements of the Grid or Users; and 

(d) 	The economic, operational, and risk implications of the proposed SystemTest on the 
Grid, the System of other Users, and the Scheduling and Dispatch of the Generating 
Plants. 
The System Test Proponent. ZETI)C (if it is not the System Test Proponent) and 
the affected Users (including those which are not represented in the System Test 
Group) shall provide the System Test Group, upon request, with such details as the 
System Test Group reasonably requires to carry out the proposed System Test. 
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• All tests shall be of sufficient duration and shall be conducted according to The Power 
Purchase Agreement with ZPC or any other Generator or Supplier except when there are 
reasonable grounds to justify the necessity for further tests. 

• If a Generating Unit fails the test, the Generator shall correct the deficiency within an agreed 
period to attain the relevant registered parameters for that Generating Unit. 

• Once the Generator achieves the registered panmetersof itsUenenting Uthtthat previously 
failed the test, it shall immediately notify ZEFDC. MIX 'shall then require the Generator 
to conduct a retest in order to demonstrate that the appropriate parameter has already been 
restored to its registered value. 

• If a dispute arises relating to the failure of a Generating Unit to pass a given test, ZETDC. 
the Generator and or User shall seek to resolve the dispute among them. 

• If the dispute cannot be resolved, one of the parties may submit the issue to the respective 
Board, the Holding Company and the ZERA in that order. 

630.2 Tests to be performed 

• The Reactive Power test shall demonstrate that the Generating Unit meets the registered 
Reactive Power Capability requirements. The Generating Unit shall pass the test if the 
measured values are within: 1.5 percent of the Capability as registered with '/ET DC. 

• The l'rimarv Response test shall demonstrate that the Generating Unit has the capability to 
provide Primary Response. 

The Generating Unit shall pass the test if the measured response in MW/Hz is within: 1.5 
patent of the required level of response within five (5) seconds. 

• The Fast Start capability test shall demonstrate that the Generating Unit has the capability 
to automatically Start-Up. synchronize with the Grid within 15 minutes and be loaded up 
to its offered capability. The Generating Unit shall pass the test if it meets the Fast Start 
capability requirements. 

• The Black Start test shall demonstrate that the Generating Plant with Black Sian cap-ability 
can implement a Black Start procedure. To pass the test, the Generating Unit shall start on its 
own, synchronize with the (bid and carry load without the need for external power supply. 

• The Declared Data capability test shall demonstrate that the Generating Unit can be scheduled 
and dispatched in accordance with the Declared Data. To pass the test, the unit shall satisfy 
the ability to achieve the Declared Data. 

• The Dispatch accuracy test shall demonstrate that the Generating Unit meets the relevant 
Generation Scheduling and Dispatch Parameters. The Generating Unit shall pass the test if: 

in the case of synchronization, the process is achieved within: 1.5 minutes of the 
registered synchronization time; 

(h) 	in the case of synchronizing generation (if registered as a Generation Scheduling and 
Dispatch Parameters), the synchronizing generation achieved is within an error level 
equivalent to 2.5% of Net Declared Capability; 

in the case of meeting ramp rates, the actual ramp rate is within: Plus or minus 10% 
of the registered ramp rate; 

(d) in the case of meeting Load reduction rates, the actual Lead reduction rate is within: 
plus or minus 10% of the registered Load reduction rate; and 

in the case of all other Generation Scheduling and Dispatch Parameters, values are 
within: plus or minus 1.5% of the declared values. 

The Ancillary Service acceptability test shall determine the committed services in terms of 
parameter quantity or volume, timeliness, and other operational requirements. Generators 
providing Ancillary Services shall conduct the test or define the committed service. 
However, monitoring by ZETDC of Ancillary Service performance in response to System-
derived inputs shall also be carried out. 

(a) 

(e)  
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6.31 Maintenance Requirements 

631.1 Transformer Oil Containment 

A U transformers shall be placed on specially designed foundations. An oil sump shall be provided 
in the switchyard at a tower level than the transformer foundation. 

The trench to the sump shall have a welt-designed gradient with tile finish to enable oil flow 
from transformer cavity. 

631.2 Equipment Maintenance 

6.31.2.1 Maintenance Schedule for Switch-ear 

ZETDC shall design a maintenance schedule for annual inspections of the annual 
conditions and performance of transformers and switchgear. 

Compressed air systems for Circuit Breakers shall undergo a statutory inspection 
and the dryness of the air should be ensured. 

6.31.2.2 Maintenance of Transformer and Switchgear Dielectric Oil 

Oil Samples shalt be taken periodically and tested for moisture, dielectric strength 
and decomposition products. Filtration or Regeneration is recommended if oil tests 
are not satisfactory. The test shall be done according to the following standards: EEC 
599;1EC422(1998);1EC354;IEC 136 and 1l3C296. 

6.31.2.3 Maintenance of Power Transformers 

The transfonner shall be inspected regularly. Regular inspection, annual checks and 
condition-based maintenance are essential for tong. trouble-free service. 

6.31.2.4 Infrared Thennogrnph 

Infrared Thermograph shall be carried out on the substation equipment at least once 
a year to ascertain equipment availability and personnel safety. The purpose of the 
infrared scanning is to check on loose connections. 

6.31.2.5 Noise level measurements 

Noise level measurements shall be done using a noise level meter. Transformers. 
Coolers, Radiators, Auxiliaricsand Air-conditioning plant noise level shall be below 
specified limit of 78dB. Corrective measures shall be taken if the limits exceed the 
above stated level. 

6.31.2.6 Polychrobiphenyls (l'CB) Management 

All transfonners and switchgear oil shall be tested for I'CBs and if contaminated. 
the oil container or the equipment in which the oil is contaminated shall be clearly 
labelled "PCB equipment" for personnel protection. The contamination level above 
is SOppm. 

ICR Contaminated Waste disposal shall be by incineration. 

6.31.2.7 Live Line/Dead Line Maintenance 

Routine insulator inspection and replacement of damaged insulators shall be carried 
out annually on all feeders. 

For feeders deemed critical by ZHTDC live tine inspection and replacement of 
damaged insulators shall be carried out when and where necessary. 

6.31.2.8 Line Way Leaves Maintenance 

l3ushclearingandTrack maintenance shall be carriedout annually lbrallTransmission 
and sub transmission lines. 

6.31.2.9 Battery Maintenance 
The total battery voltage shall be checked monthly. The total voltage shall be equal 
to cell voltage x it Where n is the number of cells in a bank. 

The voltage specific gravity and temperature of each battery cell shall be measured 
and recorded every month. lithe measured value is outside the specified limits by 
SAL standard, remedial action shall be effected. 
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6.294 System Test Program 

Within two (2) months after the first meeting and at least one (I) month prior to the date of 
the proposed System Test, the System Test Group shalt submit to ZETDC, the System Test 
Proponent and the affected Users a proposed System Test Program which shall contain the 
following: 

(a) plan for carrying out the System Test; 

(b) System Test Procedure to be followed during the test including the manner in which the 
System Test is to be monitored; 

(e) list of responsible persons. including Safety Coordinators when neressary. who will be 
involved in carrying out the System Test; 

(d) an allocation of all testing costs among the affected patties; and 

(e) such other matters as the System Test Group may deem appropriate and necessary and 
are approved by the management of the affected parties. 

If the proposed System Test Program is acceptable to ZET DC, the System Test Proponent 
and the alrected Users, the final System Test Program shall he constituted and the System 
Test shall proceed accordingly. Otherwise, the System Test Group shall revise the System 
Test Program. 

• If the System Test Group is unable to develop a System Test Program or reach a decision 
in implementing the System Test Program. ZETDC shall determine whether it is necessary 
to proceed with the System Test to ensure the Security of the Grid. 

• The SystemTest Coonlinatorshall be notified in writing, as soon as possible, ofany proposed 
revision or amendment to the System Test Program prior to the day of the proposed System 
Test. If the System Test Coordinator decides that the proposed revision or amendment is 
meritorious, he shall notify ZEI'DC. the System Test Proponent, and the affected Users to 
act accordingly for the inclusion thereof. The System Test Program shall then be carried out 
with the revisions or amendments if the System Test Coordinator received no objections. 

• If System conditions are abnormal during the scheduled day for the System Test, the System 
Test Coordinator may recommend a postponement of the System Test. 

6.29.5 System Test Report 

• Within two (2) months or a shorter period as the System Test Group may agree after the 
conclusion of the SystemTest,the SystemTest Proponent shall prepare and submit  System 
Test Report to ZFTDC, the affected Users, and the members of the System Test Group. 

• After the submission of System Test Report, the System Test Group shall be automatically 
dissolved. 

6.30 Generating unit capability tests 

630.1 Test Requirements 

Tests shall be conducted, in accordance with the agreed procedure and standards, to confirm 
the compliance of Generating Units for the following: 

(a) capabilityofOenerating Units tooperate within theirregistered Generation parameters; 

(b) capability of the Generating Units to meet the applicable requirements of the Grid 
Code; 

(c) capability to deliver the Ancillary Service that the Generator had agreed to provide; 
and 

(d) availability of Generating Units in accordance with their capability declaration. 

All tests shall be recorded and witnessed by the authorized representatives of ZVFDC. 
Generator, and/or User. 

The GeneratorshalldcmonstfltetoZElDC the reliability andaccuracy of the test instruments 

and Equipment to be used in the test. 
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(e) 	Restoration work shouldbe Conducted inaccordance withal! applicableopemling nilesandmemonnda: 
inparticularzESiVs Electrical Safety Rules must becompliedwith. Statutory, equipment. operational 
and other constraints must be observed. 

(1) 	The respective Operators must ensure that an accurate andcomplete log is maintained. This is required 
for post event analysis and may be of assistance during the emergency. 

All switching operations on the ZEFDC shall be in line with provisions of the ZESA Electricity 
Safety Rules. No part of the ZEl'l)C grid shall be deliberately isolated from the integrated network-
except 

etwork
except under the following conditions: 

under an emergency. and conditions in which such isolation would prevent a total grid collapse 
and or enable early restoration of power supply; 

when serious damage to costly equipment is imminent and such isolation would prevent it; 

onopeiation of ZFTDcapproved under frequency!islandingschemecompletc synchronisation 
of integrated grid shall be restored, as soon as the conditions again permit it. ZETDC shall 
supervise the restoration process. 

6.27 Schedule And Dispatch 

ZEf DC shall prepare the day-ahead generation schedule keeping in view the folloning: 

(a) ZE'FDC arid constraints from time to time; 

(b) load requirements as estimated through consolidating User demands for specified intervals; 

(c) the need to provide operating margins and reserves required to be maintained; 

(d) the availability of generation from various source: together with any constraints in each case. 

The Generation Scheduling shall be in accordance with the Power Purchase Agreements ([PA's). 
Generators shall promptly inform ZEfl)C in the event of any unforeseen difficulties in carrying out 
dispatch instructions. Dispatch instructions shall be issued by fax and confirmed by return fax. In the 
event that oral instructions are used these shall be complied with forthwith and written confirmation 
shall be issued promptly by Fax, e-mail, tele-printer or otherwise. 

6.28 Network Switching 

'/RI'DC needs to carry out network switching in order to implement maintenance outage programmes, 
connect new systems. facilitate system and or protection tests, control voltage, load management and to 
respond to emergency and fault situations on the transmission network. 

ZI€TDC shall inform Users, where practicable, of switching actions that may be likely to affect the 
operations of Users or security olsupply to Users. In this mgardZEFDC shall consult with Users in order 
to find out and take into consideration reasonable objections raised by the same. 

Network switching may also occur automatically and without advance warning due to operation of 
protection equipment to clear or isolate faults or established deliberately to mitigate negative impact of 
faults on voltage and equipment loading. 

6.29 System test 

6.29.1 System Test Requirements 

System Test, which involves the simulation of conditions or the controlled application of 
unusual orexireine conditions that may have an impact on the Grid orthe IJserSystcm, shall 
be carried out in a manner that shall not endanger any personnel or the general public. 

The threat to the integrity of Equipment, the Security of the Grid, and the detriment to 
ZEI'DC and other Users shall be minimized when undertaking a System Test on the Grid 
or the User System. 

6.29.2 System Test Request 

• if ZETI)C (or a User) wishes to undertake a System Test on the Grid (or the User System), 
it shall submit a System Test Request that contains the following: 

• the purpose and nature of the proposed System Test; 
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The fault reports for ZETDC grid related disturbances shall be made available to Users on request 
through the Regulator. 

6.21 Safety Coordination 

6.21.1 	Responsibility 

This section specifics safety requirements to he used by ZETDC and all Grid Users so as to 
maintain safety of plant an4orequipment and personnel. ZETDC shall he the custodianof safety 
procedures and documents used when working on plant and or equipment on the transmission 
grid and at all points of connection with the Users. ZET'DC does not, however, seek to impose 
these safety requirements for work outside the transmission grid network and beyond the points 
of connection. Only competent persons dully authorised by ZETOC shall be permitted to carry 
out any work and network switching on the transmission grid and at the point of connection. 
The safety requirements are as captured in the Zimbabwe Electricity Supply Authority Electrical 
Safety Rules and the supplementary Live Line Safety Rules. 

6,21.2 Authorised Persons 

A list of the Senior Authorised persons (names, designations and telephone numbers) for 
the ZEFDC transmission grid and for Users at points of connection shall be circulated to all 
ZEiTDC and all grid Users. The list must be updated promptly whenever any of the information 
changes. 

6.21.3 Work On Plant and Equipment 
Work must commence only after it has been made safe to work on through the following 
steps. 

(i) made dead—source of power removed; 

(ii) isolated—physically disconnected from source of power. 

(iii) earthed— connected to the earth: 

(iv) safety documents issued. 
The designated Senior Authorised person shalt ensure that adequate safety precautions are 
established and maintained throughout the work. The equipment shall only be considered as 
suitable for return to service when all safety documents have been cancelled and isolation 
points normalized. 

6.21.4 Electrical Accidents 
In the event of an electrical accident on the ZETOC grid or at points of connection the following 
steps shall be taken: 

(a) stop work and attend to the injured if any; 

(b) notify ZE'f DC Controller, who will decide whether work should continue or not; 

(c) report incident to Zimbabwe Republic Police: 

('U produce a preliminary report and notify management; 

(e) 	if necessary management constitutes a committee for further investigation; 

(I) 	produce a detailed accident report; 

(g) circulate report internally and to key people in the Users systems; 

(h) officially advise the ministry of the accident. 

6.22 Communications 

Telecommunications are the basic infrastructure that makes remote operations of a system possible. It is, 
therefore, imperative that telecommunications be highly reliable, and highly available. 
ZEFDC System Operator ZEFDC and Users shall advise each other of the telephone numbers to be used 
for operational purposes. ZETDC shall ensure that all operational lines are monitored for future replay 
should any disputes arise or as a tool in incident investigation. 
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6.12 Equipment loading 

ZETDC shall continuously monitor the loading on all plant and equipment on the transmission grid. 
Thermal design ratings shall not be exceeded in steady state operation and for single outage. Short time 
overloads ofupto 1571c on transmission tines and transformers shall beaccepted if generation rescheduling 
isavailable (i.e. befomoperatoractioncan betaken). OtheniseZETDC shall implement load management 
to relieve overloaded circuits. 

(hid Users drawing power from zri'ix grid shall ensure that their loads do not affect ZKI'l)C grid 
system in terms of causing any: 

1. Unbalance in the phase angle and magnitude of voltage at the points ofconncction beyond the limits 
prescribed by ZETDC. 

2. Ilarmonics inthe system voltage at the interconnection point beyondthe limits prescribed byzETDC. 

Should any one of the above two prevail ZEI'IX may direct the Usci(s) to take appropriate measures 
to remedy the situation. 

6.13 Operational Planning 

ZETDC shall be responsible for planning of the consolidated demand forecast, generation scheduling. 
demand control procedures outages and contingency plans. 

6.14 Demand and Supply planning 

All grid Users drawing power from ZETDC grid shall provide ZETDC. for all points of connection. with 

(I) 	estimates of demand on a monthly basis for the year ahead. 

(ii) estimates of demand on daily basis for the month ahead. 

Similarly each generator shall provide ZETDC with estimates of generation availability on monthly basis 
for the year ahead and on daily basis for month ahead. 

ZETDC shall match the consolidated demands with consolidated generation availability and plan for 
demand control to ensure that there is a balance between the available power/energy and the demand 
(inclusive of system losses and required reserves). 

6.15 Outage Planning 

ZEFDC and each User shall prepare an outage programme for the ensuing financial year for compilation 
oldie overall outage plan for ZErDC grid. Each User shall obtain approval from ZETDC prior to availing 
the Outage. However, ZETDC is authorised to defer any planned outage in case of any of the following 
events: - 

(a) major grid disturbance; 

(b) security constrained dispatch; 

(c) unavailability of other equipment that has to he conditionally in service for the outage to go ahead. 

Any other event in the system that may have an adverse impact on system security by the proposed 
outage. 

6.16 Contingency Planning 

Thecontingency planand black start procedures shall be prepared byZETDC in consultationwith grid Users. 
The restoration process shall take into consideration generator capabilities and operational constraints of 
the transmission network. All users shall be aware of the requisite steps to be taken during the following: - 

(a) partial system blackout; 

(b) total system blackout; 

(c) synchronisation of system islands. 

During system restoration following a disturbance, normal standards of frequency and voltage shall 

not apply. 
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GS Control Area Frequency and Interchange Control 

ZETOC National Grid forms one of the ControlAreas withinSA PP. Inline with the basiccontrol requirement, 
ZETDC shall employ Automatic Generation Control (AGC) and manual actions for secondary frequency 
control. Generators required to be under AGC shall be specified in the connection agreement and those 
not operating under AGC shall continue to follow dispatch instructions from the System Operator. 

The AGC shall meet the frequency and tie-line standards defined by SAPP. 

6-9 Voltage Control Service 

Voltages on the grid and at points of connection shall be maintained within the limits specified tinder section 
3.3.3 of this code. In cases where the voltage limits are unique to the point of connection these shall be 
as specified in the connection agreements and or joint system operational agreements. The duration and 
extent of voltage fluctuations shall also be limited under fault conditions. /.ETDC shall employ both static 
and dynamic methods to maintain voltage stability, maintain voltages within limits and minimise system 
losses using methods that include but not limited to the following: 

(a) transformer tap-changing. 

(b) reactor and capacitor switching. 

(c) static Var Compensators. 

(d) generator reactive power capability. 

(e) demand management. 

(1) 	transmission lines charging capacitance 

6.10 Voltage Range 

The main grid voltages shall be kept within the following limits in steady state and contingency operating 
conditions so as to minimise system losses and to maintain quality of supplies. 

Normal Conditions Emergency Conditions 
Nominal 

Voltage (IN) 
Maximum 

(KV) 
Minimum 

(KS') 
Maximum 

(KV) 
Minimum 

((V) 
400 420 (maximum) 380 420 360 
330 346 313.5 363 297 
220 232 209 242 198 

132 138.6 125.4 145 118.8 
110 115.5 104.5 121 99.0 
88 924 83.6 96.8 79.2 
66 69.3 59.4 72.5 56.1 
33 34.7 31.4 363 29.7 
Il 11.6 10.5 12.1 9.9 

fable 620: thftagerangcs 

\Vhere standing instructions or special dispensations are in place the voltage might not follow guiding 
limits in the table above. 

ACCEPThBLE VOlTAGE STEP CHANGE DURING FAULT CONDITIONS 

Voltage Step Change Limits: 
Measured after allowing forAVC and tapchauge operations otlthe Distribution systemandgenerator 
:VR action 
Approximate calculation: 

%Voltage step change = (reactive change (MV) * 100 %) / (fault level at busbar) 
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SECFION 6—OPERATIONS CODE 

6.0 Introduction 

ZETDC is entrusted with the responsibility to transmit power and energy from the generating units and! 
or imports to the hulk and/or large customers in a safe, qualitative and secure manner. 

ZETDC transmission grid is operated in parallel as an interconnected grid with other SADC utility 
transmission networks to form the Southern African Power Pool (SAPP). In pursuance of harmonised 
interconnected operation the SAPP has developed operating guidelines that are subscribed to by all the 
operating members. ZEFDC takes cognisance of the SAPP requirements in developing and implementing 
of its own guidelines and procedures. 

6.1 Purpose 

Provisions of this Operations Section are intended to enable ZETDC to maintain a well-coordinated, 
safe and secure transmission grid that will deliver quality power. The provisions include guidelines on 
principles and procedures for system services provision; network switching (control) actions, demandf 
supply balancing, operational planning and event reporting. This will be done in consultation with all gird 
users (grid connected generators, grid connected customers and the distributors). These provisions may 
touch on, but not limited to. the following issues: - 

• Pie-dispatch and post-dispatch planning. 

• Real-time system monitoring and control. 

• Communication during normal and emergency conditions. 

• Maintenance planning, co-ordination and execution. 

• Generation scheduling and dispatch. 

• Safety coordination. 

6.2 Responsibility 

Equipment ownership and demarcations shall be as per connection agreements between ZLTDC and 
the grid Users. Control. Operation and maintenance of any equipment shall be as detailed in the Power 
SupplyAgreement (PSA), Power Purchase Agreements (PAN) and Joint System Operational Memoranda. 

All grid Users shall endeavor to operate their respective systems in synchronism at all the times. Security 
of power system and safety of personnel and/or equipment shall be accorded higher priority than economic 
considerations. 

ZERA shall monitor compliance to all matters covered by this section of the Grid Code and shall design 
and effect appropriate penalties for enforcing compliance. 
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• The finalGeneration Schedule shall indicate the hotirlyoutputofeachSchcduledGeneiating 
Unit for the following Schedule Day. It shall also indicate the Generating Units that are 
providing specific Ancillary Services. 

5.7 	Central Despatch Procedure 
Dispatch Instructions 
The Dispatch Instruction shall contain the following: 

(a) the specific Generating Unit to which the instruction applies; 
(b) the NIW and MVAR output required; 
(c) target time of Scheduled Generating Units Ramp-up and Ramp-downratcs; 
(d) start and synchronizing time of Scheduled Generating Units; and 
(c) the Dispatch Instruction issuance time. 
In addition to instructions relating to the dispatch of Active Power, the Dispatch Instruction 
may also include: 

(a) details of the type of reserves to be carried out by each unit, including specifications of 
the duration in which that reserve may be dispatched; 

(b) an instruction for Generating Units to provide operational requirements and Ancillary 
Service; 

(c) target voltage levels at instructed generating capacity level or the individual Reactive 
Power output at the Bus or at the Connection Point; 

(d) requirement to change to the other Frequency Control mode; 
(e) instructions relating to abnormal conditions, such as an Adverse Weather Condition or 

highlow Grid voltage; 
(I) an instruction forhydroelectric Generating Units tooperate in the synchronous condenser 

operating mode; and 
(g) mode changes for Pumped Storage Plants. 
• The Dispatch Instructions shalt be recorded in a logbook or other means of recording. 
• The System Operator shall isrne the Dispatch Instructions to all Generators regarding their 

thy-ahead hourly Generation Schedule through inappropriate means of communication. 

• The hourly loading and load reduction embodied in the Generation Schedule issued to 
Scheduled Generating Units shall remain valid unless superseded by another Dispatch 
Instruction. 

• In the event of twoor more Generating Units having the same price, the System Operator 
shall dispatch the Generating Unit that will result in a smaller System Loss. 

• In the event that the System Operator is unable to identify a reason to differentiate which of 
the Scheduled Generating Units to Shutdown based on the Merit Order Table, the System 
Operator shall instruct a Scheduled Generating Unit to Shutdown using the following 
factors: 

(a) effect on power flows (resulting in the minimization of System Loss); 

(b) reserve Capability; 

(c) reactive Power worth; and 

(d) generation Scheduling and Dispatch Parameters. 
The period of placing the Generating Unit online and Shutdown reflected in the Generation 
Schedule are only tentative and can be modified by another Dispatch Instruction. 
Dispatch Instructions for Scheduled Generating Units 

• The Dispatch Instruction to a Scheduled Generating Unit shall contain the scheduled time 
and the Power output of the Generating Unit. 

• Ramp-up andRam 4own rates shall bein accordance with theGenemtio ti 
otherwise stated. If a different Ramp-up and Ramp-down rates are required, the target 
time to achieve the desired out-put shall be stated accordingly. The Dispatch Instruction 
to Synchronise shall be issued by the System Operator specifying the time and sequence 
of synchronisation. The Dispatch Instruction for cancelling the previous instruction to 
Synchronise shall be issued accordingly when necessary. 
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• the Generator shall, without dela)c notify the System Operator and N larket Operator of 
any change in the Capability and Availability Declaration. Generation Scheduling and 
Dispatch Parameters, and other relevant generation data. 

• In addition to its Demand Forecast, the Distributor and other User shall notify the Market 
Operator and the System Operator of the following: 
(a) 	Constraints on its Distribution System (or User System) which the Market Operator 

and the System Operator may need to take into account in Scheduling and Dispatch; 
(h) 	The requirements for voltage control and Reactive Power which the SystemOperator 

may need to take into account for the reliability of the Grid; and 

(c) 	The requirements for Ancillary Services which the System Operator may need to 
consider for the Security and Stability of the Grid. 

5.6 	Generation Scheduling Procedure 

5.6.1 Preparation of the Generation Schedule 
• The System Operator shall prepare a cohesive forecast of hourly Grid Demand, which 

shall include the System Loss in the Grid. 
• TheMaitetOperatorshali pivparea XleritOiderTahlcconsideringtheGenerationscheduling 

and Dispatch Parameters and Generation Price Data of the Scheduled Generating Units. 
• Scheduled Generating Units shall be committed, following the Merit Order Table. until 

the Grid Demand and System Loss are fully covered. Additional Generating Units shall 
be committed to meet the Operating Margin required by of the (hid. 

• Scheduled Generating Units that are not included in the Generation Schedule shall be set 
aside for possible inclusion in the latter stage of the Generation Scheduling process. 

3.6.2 Capability and Availability I )eclaration 
• TheGeneratorshallprovidetheMarketOperatorthecapabilityandAvailahilityDeclaration 

of its Generating Units for the next Schedule Day within the deadline prescribed by the 
Market Rules. 

• If the Generating Unit Capability and Availability Declaration for the next Schedule 
Day have not been submitted within the prescribed deadline the Generating Unit shall 
be excluded in the next Schedule Dayc if this leads to inadequate Operating Margin, the 
Market Operator shall make best efforts to obtain increased Capability from the available 
Generators. If necessary. the Market Operator may treat the excluded Generating Unit as 
the last priority in the Merit Order Table. 

• The following data shall constitute the Capability and Availability Declaration of each 
Scheduled Generating Unit: 
(a) 	Capability and Availability Data: 

(1) generating Unit Availability (Stan time and dale) and Capability (gross and 
net); 

(2) generating Unit loss of capability (day, start time, end time); 

(3) time required to Synchronize; 

(4) initial Conditions (time last Synchronized or Shutdown); and 

(5) additional Generation capacity above the Net Declared Capability; 

(b) 	Generation Scheduling and Dispatch Parameters: 

(1) generating Unit inflexibility (description. start date and time, end date and time. 
MW); 

(2) generating Unit synchronizing intervals (hot interval. Shutdown time); 

(3) generating Unit Shutdown Intervals; 

(4) generating Unit Minimum Stable Loading; 

(5) generating Unit Minimum Downtime; 

(6) generating Unit Minimum Uptime; 

(7) generating Unit two shifting limitation; 

(8) generating Unit Synchronising Generation (1101 Synchronizing Generation, 
Shutdown time); 
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SECTION 5—SCHEDULING AND DESPATCHING 

5.0 Introduction 

5.1 	Purpose and Scope 

52 	Purpose 

(a) to specify the responsibilities of the Market Operator, the System Operator and other Users 
in Scheduling and Dispatch: 

(b) to define the operational criteria for the preparation of the Generation Schedule and issuance 
of Dispatch Instructions; 

(c) to specify the process and requirements br the preparation of the Gener.iuicrn Schedule: and 

(d) to specify the Central Dispatch process. 

53 	Scope of Application 

This Section applies to all Grid Users including: 

(a) The Grid Owner, 

(b) The System Operator: 

(c) The Market Operator: 

(d) Generators; 

(e) Distributors; 

(I) 	Suppliers; and 

(g) 	Any entity with a User System connected to the Grid. 

5.4 	Scheduling and Despatch Responsibilities 

5.4.1 Responsibilities of the Market Operator 
• The Market Operator shall be responsible for the preparation of the Generation Schedule, 

in accordance with the Market Rules and the procedure. 
• The Market Operatorshall be responsible forthe issuance of the final Generation Schedule. 

5.4.2 Responsibilities of the System Operator 
• The SysteniOperator shall be responsible in providing Central Dispatch for the Scheduled 

Generating Units, and the Generation Schedule prepared by the Market Operator. 

• The System Operator is responsible for ensuring that a number of strategically located 
Generating Unitsareavailable forAncillary Services, including the provisionof Frequency 
Regulating Reserve and Contingency Reserve. 

• The System Operatorshall beresponsible in issuing Dispatch Instructions forthe Scheduled 
Generating Units and the Generating Units providing Ancillary Services. 

5.4.3 Responsibilities of the Chid Owner 

• The Grid Owner is responsible for providing the SystemOperatorand the Market Operator 
with data on the availability and operating status of Grid facilities and Equipment to be 
used in determining the constraints of the Grid for Scheduling and Dispatch. 

• The GridOwneris responsible forthc Grid operations necessary toimplement the Dispatch 
Instructions of the System Operator. 

5.4.4 Responsibilities of Generators 
• The Generator is responsible for submitting the Capability and Availability Declaration. 

Generation Schedulingand Dispatch Parameters and otherdata for its Scheduled( ienemting 
Units. 

• The Generator with a Scheduled Generating Unit shall be responsible for ensuring that 
all Dispatch Instructions from the System Operator are implemented. 

• The Generator providing Ancillary Services shall be responsible in ensuring that its 
Generating I Jnits can provide the necessary support when instructed by the System 
Operator to do so. 
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4.53 Satisfying the I .oad ForecastfDeveloping Scenarios 

After the Load Forecast is produced it is matched against the capacity and energy resources 
of the existing plants to see whether they can satisfy the requirements over the planning 
period. If the existing plants cannot meet the load forecast it then becomes necessary to find 
the best possible ways of meeting the demand reliably and at least cost, which is what Power 
Development Planning, is all about. Several technically equivalent scenarios have to be 
evaluated to determine the least cost, taking into consideration three major criteria: 

Criterion I (Reliability Criterion) 

The minimum reserve level to be carried on the System should be at least 10.6% of Adjusted 
Demand for Thermal-based power and 7.6% for Hydropower and a weighted avenge for a 
combination of both. Adjusted Demand is equal to the Peak System Demand plus the amount 
of Finn Tariff Power exported minus; the amount of Firm Tariff Power imported in the same 
interval. 

Criterion 2 (Security Criterion) 

The minimum level of internal generation shall have as a long-term objective, capacity equal 
to or greater than l00% of demand. Internal generation shall be committed when existing 
reserve levels drop below Criterion I. 

Criterion 3 (Economic and Financial Criterion) 

For economic considerations Firm Imports may exceed the reserve margin limit as long as 
Criterion 2 is met and sources of energy are significantly diversified in both technology and 
geography and are cost effective relative to local options. 

It is thus necessary to consider explicitly what level of adequacy is required for System 
planning. Overbuilding capacity will increase the average cost of generation because the costs 
of that extra capacity have to he borne by the customers. On the other hand, under building 
capacity will result in some portion of the demand not being served. If the economic cost 
of this unserved energy is added to the generation cost, this summed cost of generation also 
increases the degree of under building and the costs become severe. 

Based on this Planning Criteria, equivalent competing scenarios are derived. The plant options 
in these scenarios should be what is practically available to the Planner. 

4.5.4 Demand Side Management (DSM) 

Customer demand can be influenced by utility actions. Demand-side options are available, 
viable and potentially useful alternatives to traditional generation-based strategies. Demand 
side management is the planning and implementation of those utility activities designed to 
influence customer use of electricity in ways that will produce desired changes in the utility's 
load shape. The rationale for DSM as a part of overall utility planning is: 

• The demand for electricity is not entirely beyond a utility's control. Rather than being 
exogenous. the timing and shape of load instead can be influenced by direct utility action 
in ways that contribute to meeting utility objectives. 

• The fact that demand can be influenced makes it possible to consider an expanded range 
of options to meet the objective of balancing supply and demand. 

• Demand side options can be used to complement or substitute for supply-side options. 

• Compared with supply side alternatives, demand side options sham characteristics that 
make them preferable to supply projects in the current planning environment 

Thebenefitsaiethe savingsinavoidingenergysupplycost&Theseavoidedcostsarethe marginal 
roszs of the supply resource replaced by DSM. They include the reduction of transmission, 
distribution, generation and capacity costs for periods when the load has been reduced. 

4.5.5 Options Available 
All available options such as, but not limited to shall be considered as considered in the 
optimised generation expansion plan. 

• Thermal options 

• I lydro options 

• Impoitc 
• Non-conventional and renewable energy sources. 
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the economical and financial analysis. The final transmission projects that would have gone 
through the above stages will then be incorporated in the System Development Plan (SDP). 

4.4.12 Transmission Planning Tools 

ZETDC shall employ planning software, which includes but not limited to Power System 
Simulator for Engineers (PSS/E) for the Transmission Planning. 

4.5 	Power Development 

According to the provisions of the Electricity Act 13:19 ZETDC has the mandate for planning 
the Generation System for long term capacity includinggeneration scheduling, commitment and 
dispatch. To maintain the capacity balance. it is necessary to ensure that there is adequate and 
reliable plant to meet the present as well as future consumption and demand as prescribed by 
the load forecast. Having achieved that, the total plant must be operated efficiently to minimize 
casts. 

Four basic questions have to be answered in the course of the planning process. These are: 

WI-liST capacities to install to ensure demand and supply balance? 

\\ RAT  capacities to install to ensure an appropriate level of reliability? 

I TOW to pick the best combination among the different technologies at hand now and in future? 

NN 'V.  to locate this new generation equipment? 

• WHEN is the proper time to incorporate them into the System? 

The objective of a Power Development Plan (Generation Plan) is to establish when, where 
and what type and size of plant to build, in order to ensure an economic and reliable supply of 
forecasted load within a given planning period. 

4.5.1 Planning Approach 
ZETDC shall use a Least Cost Planning approach. A practical framework for least-cost utility 
planning should explicitly consider the major issues in resource planning and facilitate risk 
management. Inthis framework, demand and supply side options are simultaneouslyevaluated 
for cost-eIl'ectiveness. 
The Dynamic System Optimisation (1)50) model is used for integrated demand, supply and 
financial planning. The DSO model performs the following functions: 

Optimises supply side options for conventional, renewable and non-traditional resources 
over the entire planning horizon. 
* Optimises demand side options including conservation and peak reducing programs. 

* Selects new plantsandDemand Side Management programmestosatisfy emission restrictions 
on SOx, NOx and particulates. 
* Satisfies reliability requirements to meet the monthly reliability criteria. 
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4.4.4 Grid Planning Studies—Technical Analysis 

ZETOC shall carry out Grid planning studies to ensure Reliability. Safety. Security and 
Stability of the Grid for the following: 

• preparation of the Transmission Development Plan (TDP) to be integrated with the Power 
Development Plan (P1)1') in pursuant to the provisions of the Act. 

• evaluation of the Grid reinforcement projects and 

• evaluation of any proposed user development, which is submitted to the ZETDC in 
accordance with the application for connection. 

The Grid planning studies shall be conducted periodically to assess the behaviour of 
the Grid during normal and outage conditions and also during electromechanical or 
electromagnetic transients induced by disturbances. The first screening process is through 
the technical analysis of the identified transmission expansion alternatives. The required 
inputs for this process are: 

• load forecasts 

• existing network 

• committed expansion plans 

• generation scenarios 

• transactions with other utilities 

The need for transmission expansion plans is determined by identifying any transmission 
constraints, limitations and bottlenecks in future based on the input data. Basic alternative 
development plans that would solve these problems are listed and engineering judgement 
is applied to screen these alternatives and remain with the most promising ones. 

The most promising alternatives are assessed for their technical soundness against the 
planning criteria discussed above. The techniques applied ensure that all components are 
operating within prescribed limits and that voltages are within permissible ranges. Load 
flow analysis techniques are used at this stage of the process. For networks with obvious 
transient stability problems, initial investigations of System dynamic response will also 
be carried out at this stage. Fault analysis is normally carried out at a later stage of the 
planning process. In some cases System reliability analysis might be required as a basis 
for evaluating alternatives. 

Transmission planning studies must be performed as necessary to determine the impact on 
the inteivonnectedTiansmissionSystem when connecting newandiormodifiedgeneration. 
transmission. orend-use facilities to ensure the security and adequacy of the Transmission 
System. The results of these analyses will be used to determine if modifications must be 
made to maintain the reliability of the Transmission System. A detailed interconnection 
study is made up of the following components: 
Load Flow Analysis 
Fault Analysis 
Stability Analysis 

4.4.3 Load How Analysis 
A model of the power System is used to simulate certain specified operating conditions. Load 
flow studies shall be performed to evaluate the behaviour of the existing and planned Grid 
facilities under forecasted maximum and minimum load conditions and to study the impact 
on the Grid of the connection of new generation plants, loads or transmission lines. The 
results predict power how magnitudes and voltage levels under the loss of any individual 
System element. The load flow analysis enables the prediction of equipment overloads and 
the determination of ex 	 sive steady state voltage drops. which may be encountered. 

4.4.6 Fault Analysis 
Fault analysis will be performed to determine the effect of equipment additions or mcxlillcation 
on the System fault currents. The studies shall also identify the most severe conditions that the 
Grid equipment may be exposed to. The fault studies data %%ill be used to evaluate the impact 
of the new or modified installation on the interrupting capability or rating of the previously 
installed equipment such as circuit breakers and switches. 
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Figure 4.4.2: System Costs as a Function of System Reliability 

At present. Transmission System reliability levels are analysed using planning criteria that 
define allowable system responses. The criteria should be stringent enough to ensure a 
high quality of supply yet it must also be realistically cost effective in today's competitive 
environment. The criteria may be based on either deterministic or probabilistic approaches. 
The deterministic approach involves the specifying of allowable System resjxmsc to specified 
contingencies or disturbances. Probabilistic approach involves limiting the risk of System 
failure or even limiting customer impact such as risk of loss of load, on the basis of outage 
statistics of System components. 

Recent years have seen several developments in probabilistic reliability assessment procedures, 
which have been used to substantiate the need for System expansions. These have now been 
applied widely by some utilities. Reliable and detailed data for making failure models for 
most System components have been established having been assisted by reliability-based 
maintenance approaches being used in operating the network. However, the deterministic 
approach is viewed as adequate for the Zimbabwe System. 

The deterministic approach is therefore still being used. The criteria developed apply to both 
static and dynamic conditions, requiring that the System response to certain disturbances fall 
within prescribed limits. These limits often specify permissible voltage ranges, component 
loadings, frequency deviations and rotor angles. The limitation of the deterministic approach 
is that it does not provide a means of quantifying the worth of improved supply, which is 
required to justify System reinforeements. The deterministic approach is considered to be the 
best for the ZETDC System. 

4.4.3 Methodology 

Basis 

As already stated, the transmission planning process is a complex one and hence there is a 
need to lay down some guiding steps as a means of providing uniformity to the transmission 
studies that are carried out in ZETOC. The System Transmission System developments 
plans shall be based on load forecast Generation System development plan and agreements 
for transactions with other utilities. Any external factors that might affect Transmission 
System planning should be addressed in the planning process. In general, the fundamental 
attributes of each plan can be assessed for technical .economic and environmental soundness. 
Some attributes cannot be expressed in monetary terms but that does not mean that they are 
insignificant. Environmental issues for example are basically of a qualitative nature but are 
becoming very important in infrastructure planning. Often such attributes are expressed as 
statutory regulatory limitations to the planning process. 
Figure 4.4.3 illustrates the stages that are involved in the transmission planning process. An 
essential feature of this process is the screening of alternatives from an economic and technical 
point of view to avoid carrying out detailed studies on alternatives that are not competitive. 
The number of alternatives to be investigated is therefore reduced from one stage to the other. 
The remaining alternatives are then subjected to more detailed and time consuming studies. 

36 



Electricity (Grid Code) Regulations, 2017 

Transformer Name-plate Rating Load limit (M\.) 
Momentarily Continuously 

GOMVA(ONAF) 75 65 
90MVA.(ONAF) 115 100 
62.51125 MVA. (ONANONAI-') 140 12$ 
1251175 MVA. (ONAN/ONAF)t 195 175 

Tabie4jS33OtV: Transfomzer Imxiiag ibnit, 

Note that the transformer impedance is matched to the ONAN rating. The economic 
operating range will therefore be close to the ONAN rating. 

4.3.6 Voltage Limits 

ACXrrARLEVOIXAGESFEPC RA, NOEDU1UNG FAUIX CONDITIONS 
Voltage Step Change Limits: 
• Measured after allowing for AVC and tap change operations on the Distribution System 

and generator AVR action 

• Approximate calculation: 

%Voltage step change = (reactive change (MN A) * 100%) / (fault level at busbar) 

Voltage Single Circuit Double Circuit/BusbarFault 
400kV +1-6% of nominal +6%I-12% of nominal 
330kV +146/"o of nominal -i-6%I-12% of nominal 
132kV +1-6% of nominal -i-6%f-12% of nominal 
Below 132kV +1.6% of nominal +6%1-12% of nominal 

TaUe434J: tbltaycstthange 

For planned switch operations for all voltage levels voltage deviation should be within 
+1-3% 

• Relaxation to 12° is to be applied in the rsces of loss of a double circuit or any secured 
event which involves the simultaneous loss of more than one supergrid (SOT) or GSP 
transformer. 
This step change relates to a period about 5 seconds after fault clearance. 

Generally: 

• At 132kV and below, voltage will be worse at S seconds than at 3 minutes 

o No DAR, noAVC 
At 400kV and 275kV. voltages will be worst at 3 minutes than at 5 seconds 

o Demand restoration. SOT tapping pulling voltage down 

Post fault voltage dynamics: 

Time phases Time Duration Description 
Time phase 0 0-5 seconds • Protection operation. fault clearance. 

• Generation intcrtrip. Autoclose schemes-
-Load response to voltage (Load crV2) 
• AVR. SW operation 
• System oscillations die away 

Time phase I 5-30 seconds DAR operates 
Time phase 2 30 sees -3 minutes Distribution !National Grid transformers tap (AVC) 

Mechanically Switched Capacitor (MSC) switching (ARS) 

Time phase 3 3 ruins —20 mins Demand restored to pit-fault level 

Table 4342: fonfralt voltage  dynamics 

4.3.7 Other Criteria 

4.3.7.1 Losses 
Mechanically Switched Capacitor (MSC) switching (ARS)Mechanically Switched 
Capacitor (MSC) switching (ARS)Mechanically Switched Capacitor (MSC) switching 
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4.3.2 Line Loading Limits 

Thermal design ratings shall not be exceeded in steady state operation. These line ratings ill 
be as per ZETDC designs as shown below and updated from time to time. 

Table 4.3.2a ConductorCurrent Rating (MVA) forthe Sub-Transmission Systeme's Different 
Maximum Conductor Thmperatures. 

Conductor (mm2) Voltage (kV) 
50°C 

(MVA) 
65°C 

(MVA) 
75°C 

(MVA) 80°C (MVA) 
Racoon 	(75) 66 16.5 30 36 - 

88 21.9 40 47 - 
IN* lt 	(100) 66 18.6 36 42 - 

88 24.8 48 56 - 
132* 37 71 84 - 

Wolf 	(ISO) 66 21.7 45 54 - 
88 29 61 72 - 
132 43 91 108 

Thin Wolf 	(2x150) 88 58 121 144 - 
132 87 182 216 - 

Single Lynx 	(175) 66 22.7 50 59 - 
88 303 66 79 - 
£32 45 99 118 - 

Twin Lynx 	(2x175) 88 61 132 157 - 
132 91 198 236 - 

Single Panther 	(200) 66 23.8 St 64 - 
88 31.7 72 86 
132 48 108 128 - 

Twin Panther 	(2x200) 132 95 215 257 - 
Bear 2* 	(250) 132 50 122 146 128 
Single Bison 	(350) 88 - 100 120 193 

132 - 149 179 385 
Twin Bison 	(2x350) 132 - 299 359 963 

Table 43.2a: Line bailing limits 

* Dog conductor might cause excessive corona losses at I 32kV and should preferably be avoided 
2* For future purposes. and for the purpose of standardisation. the Bear conductor should not be used, in 

preference to the Lynx Conductor, which has comparable transfer capabilities, but is from cost consideration 
cheaper. 

Type of cable Voltage Rating in MVA 

0.I Inch 3Core Copper cable 88 kV 29 

300mm2 Al 3Com cable 88 kV 48 

185mm2 3Com Copper cable 88 kV 85 

Table 432b: Cable current rasing (MVA)Jbr different  conductor sizes. 

4.3.3 Reserve Requirements 
In the case of a single outage. the following reserve levels shall be considered: 

Loss of a 330 kV sub-station transformer (including banked transformers): 

(a) For sub-stations with a peak demand of 200 MW or more: 
Momentary reserve shall be secured for an outage of a single (or banked) transformer 
(see table in 4.2.3). 

(b) For substations with a peak demand of 100 MW to 200 MW: 
After utilizing all available switching opportunities (i.e. including switching in healthy 
units of banked transformers and making use of backup opportunities from adjacent 
substations) there should be sufficient capacity to maintain full peak load supply.  
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427.2 Steady State Voltage Limits 

For a single outage, the following voltage limits shall be applied once the new steady 
state has been reached, but prior to any operator intervention. 

- 	lain (hid voltages shall be kept within: 

Nominal (kV) Maximum (kV/p.u.) Minimum (kV/p.u.) 
330 kV 363.0 1.10 297.0/0.90 
400 kV 420.0 (maximum) 357.0/0.89 

Table 42.7. Steady axe voltage limits 

4.2.7.3 Transient Voltage Deviations 

The transient response of the System following a disturbance as observed in dynamic 
simulations is considered warranting further investigations if bus voltages swing outside 
the range of 0.8 to 1.2 p.u. for more than 500 milli-seconds. This should be checked for 
adverse effects on motors, contactors and other voltage sensitive loads. 
Voltage excursions below 0.7 p.u. any time even after a fault has been cleared successfully 
is considered to be unacceptable. 

4.2.8 Other Criteria 

4.2.8.1 Losses 
Costs of losses shall be evaluated as part of the economic analysis of the different 
Transmission System alternatives. The analysis shall include evaluations on optimum 
line design (voltage and conductor type and configuration). 

4.2.8.2 Line Design and Substation Design 
Vhen planning new 330 kV lines, it should be considered extensively whether the lines 

should be designed for 420 kV (maximum) operation to facilitate later uprating of the 
lines. For a substation fed from a line that has been designed for 420 kV (maximum) 
operation, but operated at 330 kV, extensive consideration should be given on the design 
of the substation including transformers, to be easily be convertible to420 kV (maximum) 
operation. 
It is expected that generator transformers and 420330  kV transformers shall be designed 
such that they carry maximum output or line. 
The standard way leaves shall be as follows: - 

Voltage (IA') Distance (Metres) either side from the 
outermost conductor 

II 5 

33 7.5 
88 13 
132 IS 
330 3(1 
420 30 

Table 4.2.8J: Standard way Leave deo.rar.ce 

In addition, the following line clearances shall be observed: - 

Normal operating voltage 
between line conductors (kV) 

Over Roads (metres) Xliniinum clearance between 
conductors and rail top 
(metres) 

Up to and including 33kV 5.8 10.5 

66 6.0 10.9 

88 6.1 11.1 

132 6.7 113 

220 7.0 124 

330 & 400 73 13.4 

Table 42.8.2: Minimum centhactor deca net 
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SECFTON 4—PLANNING CODE 

4.1 	Introduction 

Provisions of this Section are intended toenable ZETDC to produce a Network Development Plan 
and a Power Development Plan for demand and supply balance. This will be done in consultation 
with all Grid users in order to ensure an efficient, coordinated, secure and economical Grid 
network and power developments that will satisfy future demand requirements. The Section 
identifies the planning requirements for the Transmission and Sub-transmission Systems and 
the Generation System including Imports options. These will include the planning criteria, the 
planning processes and the tools to be used. 

The addition of a new facility or the modification of an existing facility on the Transmission 
System may have a significant impact on the operation of the system. The impact needs to be 
analysed prior to the addition or modification of facilities. 

ZIdtA shall monitor compliance to all matterscovered by this section of the Grid Code and shall 
design and effect appropriate penalties for enforcing compliance. 

4.2 •fransmission System Planning Criteria 

The ZimbabweTransmission Systemcomprises ofthe220 kV, 330kV and the 420 kV (maximum) 
network and interconnectors to other SAPP utilities. 

It is essential that this Transmission System is designed to ensure adequate, secure and acceptable 
reliability levels 

4.2.1 Voltage Definitions 

The following definitions apply forthe voltages (normally) used on the ZFFDCTransmission 
System. 

Highest voltage for equipment(kV) Nominal System voltage(kV) 
245 220 
363 330 It) 
420 (maximurn)3t 400 2*) 

Table 42.1: %4,Isages (normall)) used on she ZETL)C :rwwnlssion system 

It) Not a standard IEC voltage. Used within =DC for historic masons. 

2*) Not a standard MC voltage. Used 'Shin SAPP. 

3* Note that for safety purposes, the 400.420 (maximum) voltage shall be quoted as 420 
(maximum) at all times 

4.2.2 Normal Operation 

The most common faults on the System are single-phase line-to-ground faults. Although ILSC 

of high speed single-pole automatic reclosing (USAR) limits the number of line outages due 
to single-phase fau Its. the System should be designed high enough to withstand such an event. 

The more severe three-phase faults are rare. Designing the System to be able to withstand 
such a fault might therefore be excessively costly. The planning criteria therefore do not 
include any criterion regarding three-phase faults. However, the planner should cheek the 
System response to three-phase faults and evaluate reasonable measures to secure stability 
even under such conditions. 
With all transmission lines in service, the System must be capable of a satisfactory supply 
of all bulk supply points both during peak and light load conditions. Switching off lines for 
voltage control during light load is accepted as long as this is not detrimental to the overall 
reliability. 

4.2.3 Loading Limits 
Thermal design ratings shall not be exceeded in steady state operation. These line ratings will 
be as per ZETDC designs as shown below and updated from time to time. 
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33.4 Voltage Unbalance 

The phase voltages of a 3-phase supply should be of equal magnitude and 120o apart in phase 
angle. Deviations will result in decreased eflicjencv, negative torque. vibrations and overheating. 
Severe unbalance could lead to malfunctioning of some equipment. Voltage Unbalance = 
Deviation between highest and lowest phasesAverage voltage of the three phases. 

Limits for voltage unbalance are: 

Voltage level (kV) Unbalance (%) 
220 and above 2 
Below 220 3 

TabLe 32.4: Volagc w,balsnce 

Balancing loads on individual phases will help greatly in avoiding unbalanced voltages. 

3.3.5 Voltage Fluctuation and Flicker Severity 
If the voltage fluctuates, the luminous intensity of the lamps and TV's will fluctuate 
correspondingly. If the fluctuation is of a magnitude and frequency perceptible to the eye. 
it becomes flicker. Flicker could range from annoying to complete interference of normal 
activity. Flicker is not usually produced by the power System but by customer loads such 
as arc furnaces, compressors. starting of large motors, etc. Since voltage fluctuation of the 
System affects other users on the same System, zrrix: shall direct the management of flicker 
on its lines and station buses. At the same time, flicker-generating loads connected to the 
System have to be controlled. ZFTDC reserves the right to disconnect any excessive flicker 
generating load until the Grid User rectifies the problem. 

3.3.5.1 Indicator of Quality for System Flicker 
Flicker is the impression of unsteadiness of visual sensation induced by a light stimulus whose 
luminance or spectral distribution fluctuates with time. It is generated by customers and is 
indicated by the short-term flicker severity index indexPst, as defined in lF.0 Standard 61000-
3.7 and measured with a flicker meter that meets the specification of IEC Standard 868 or 
IEC Std 6100)-4-15. For the purpose of regulation. Pst, the short-term flicker severity index. 
is selected as the indicator of quality. Pst is considered to he the measure of visual severity of 
flicker derived from a time series output of a flicker meter over a ten-minute interval. 

3.3.5.2 limits 
Pst = I. which is equivalent to the threshold of perception, is the allowable level of 
flicker on the Transmission System. Tolerance for customer-generated flicker varies 
with the relative strength (short circuit ratio) of the load and voltage level. Limits 
are given in the following table. 

Shirt Circuit Ratio. SLJSCC \bltagc Pst 
SIJSCC flO.04 MV 0.37 

ItHV 058 

suscc  •  0.04 II" as 
El IV ID 

Table 333: LonEr, 4fi&trprothiced L Users 

3.3.5.3 Monitoring, Control and Measurement 
Substations, which supply heavy industrial loads such as furnaces, steel mills, etc.. 
are targets for flicker monitoring. Other substations and Connection Point will 
be selected for monitoring on a random basis. At least one site is monitored each 
month. The list of monitoring points is submitted to Grid Users for approval at 
least 2 months before the monitoring. The flicker measurement will be conducted at 
10-minute intervals according to procedures outlined in IEC Std 61000-4.15. Each 
site is measured for 1 week 

3.4 	Reliability Standards 
System reliability of the Grid includes three aspects: 

• System adequacy 

• System security 

• Service reliability 
The compliance to System adequacy and security reliability standards shall be as specified in 

section 4 of this Grid Code. 
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demanded b'.,  the load is largely uncontrolled. Tables 33.1 and 33.2 below provide the definitions of the 
steady state and event based disturbances. 
In the absence of Zimbabwean PQ standards, performance will be measured against European PQ 
standard EN50160. American standards IEEE 519-1992 on harmonics, IEEE l'1159 NRS048 and 
rnc61000-4-30 on monitoring and definition of M. At some point in the future VERA will publish 
a directive on Power Quality for the Electricity Supply Industry in Zimbabwe. This is important as 
loads are becoming more and more sophisticated and put a strain on the power system through the 
adoption of electronics in almost every electrical equipment. 

33.1 Frequency Variations 
Frequency of the Transmission System should be maintained within an acceptable range 
o ensure proper operation of the System. The nominal frequency shall be 50 Hz. During 
normal and emergency conditions the following frequency ranges shall apply. 

Normal operating range 49.85 to 50.15Hz 
Dining system disturbances 48.5 to 51.25Hz 

During exceptional system disturbances 47.5 to 52.51 it 
Table 34.1: Prequncy limits 

33.2 Harmonics 
Ilamxmics have many negative effects on the System and connected loads, so they have to be 
limited to a manageable level. Control of harmonics on ZETOC System is based on voltage 
harmonic distortion. Harmonics are grouped into three categories: odd triplens (multiples of 
three). other odd harmonics, and even harmonics, with different severity levels and effects on 
equipment ]or each catcgory. Odd harmonics are much more common than even harmonics. 
33.2.1 Limits 

Wherever necessary the harmonics limits shall be calculated and set as per C' 
TR3 61000-3-7 standard as per Table 3.3.2 below. 

Harmonic Order Distortion 
2 HV(%) EHV(%) 
(Odd. non-thplcn) 3 4 

3 6.0 2,0 
7 5.0 24) 
II 33 1.5 
13 3.0 1.5 
17 24) 1.0 
19 1.5 1.0 
23 1.5 1.0 
25 13 0.7 

>25 0.2+1.3x251nS 0.1+0.6x251n 
(Odd. triplen) 5 6 
3 5.0 24) 
9 13 14) 
IS 03 03 

21 0.3 0.2 
>2! 02 02 
(Even) 7 8 
2 2.0 2.0 
4 Ii) 24) 
6 0.5 03 

8 0.5 0.4 

10 03 0.4 

12 02 02 

>12 02 02 

Total Harmonic Distortion 8% 3% 

j* harmonic order 
Table 332: Maximum limits of mirage hannonk distortion in Wand IillVsysten&s 
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(b) The data that is submitted at the time of application for a Connection Agreement 
or an Amended Connection Agreement shall be considered as Preliminary Project 
Planning Data. This data shall contain the Standard Planning Data specified 
and the Detailed Planning Data specified in section 4.5 of this Grid Code, when 
required ahead of the schedule specified in the Connection Agreement or Amended 
Connection Agreement. 

(c) Once the Connection Agreement or the Amended Connection Agreement is signed, the 
Preliminary Project Planning Data shall become the Committed Project Planning Data. 
which shall he used inevaluatingotherapplications fororidconnection or modification 
of existing Grid connection and in preparing the Transmission Development Plan. 

(d) The Estimated Equipment Data shall be updated, confirmed, and replaced with 
validated actual values of parameters and information about the Equipment at the 
time of connection, which shall become the Connected Project Planning Data. 
These data shall be registered in accordance with the categories specified in section 
2.10.1 of this Grid Code and shall be used in evaluating other applications for 
Grid connection or modification of existing Grid connection and in preparing the 
Transmission Development Plan. 

2.8 Data Forms 

ZETDC shall develop the forms for all data to be submitted in accordance with an application for a 
Connection Agreement or an Amended Connection Agreement. 

2.9 Connected Plant Restrictions 

(a) General Principle 

Users connected to the Grid can cause power disturbances, which propagate to the power 
System. If these disturbances are severn. the power System and other users on the System will 
be adversely affected as described in section 4.1 of this Grid Code. To ensure System integrity 
and fairness to all Users restrictions and controls have to be placed on users of the System. 

(b) Safety 
The term 'Safety" refers to safety standards adopted in manufacture, erection stages in choice 
of location and in installation, operation and maintenance procedures. The term applies both 
to safety to equipment and safety to persons including safety of the general public (in addition 
to safety of utility stall). The equipment of the Users, including machines, devices, overhead 
lines, underground cables, transformers. etc., must conform to ZETDC Electrical Safety Rules. 
SAZ Standards and other Statutory instruments such as Factories and Works Act, regulations 
and rules that may from time to time be in existence in Zimbabwe. In addition where such rules 
are not JR place IEC standards (lEC61508) shall be used in the interim pending development of 
national standards. 

(c) Insulation 
The users' System must be designed with the proper basic insulation level (Hit). Insulation of all 
components in service mast have adequate dielectric strength for the System operating voltages at 
all times. 

(d) Clearances 
All overhead lines, equipment and facilities of the User's System connected to the GRID must 
comply with clearance limits published in the ZETDC Electricity Safety Rules. 

(e) Earthing 
All components of the Users' Systems mast be properly earthed as specified byZRf DC fromtime 
to time. All individual earth electrodes. earthing pits, and the interconnection arrangements shall 
be as per standards and shall be properly maintained. The bodiesicase&trucksfenclosufes of all 
items of equipment shall be properly earthed. with the actual earthing arrangements depending 
on the machine ratings. Metallic supports of overhead lines and cable sheaths and shields shall 

also be earthed as appropriate. 

(f) Safety Training 
Personnel of all entities shall be adequately trained it' the correct operating techniques and safety 

precautions as per the requirements of the zETDCElectrical Safety Rules. 
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2.7.4.1.3 zgrj.x: shall provide the User with an Electrical Diagram forall the Equipment 
on Zfl'DC's side of the Connection Point, in accordance with the schedule 
specified in the Connection Agreement or Amended Connection Agreement. 

2.7.4.1.4 If the Connection Point is at the User's Site, the Usershall prepare and distribute 
a composite Electrical Diagram for the entire Connection Point. Otherwise. 
ZETDC shall prepare and distribute the composite Electrical Diagram for the 
entire Connection Point. 

2.7.4.2 	Preparation of Electrical Diagrams 
2.7.42.1 The Electrical Diagrams shall provide an accurate record of the layout and 

circuit connections, ratings and identification of Equipment, and related 
apparatus and devices at the Connection Point. 

2.7.4.2.2 If possible, all the Equipment at the Connection Point shall be shown in one 
Electrical Diagram. When more than one Electrical Diagram is necessary, 
duplication of identical information shall be minimised. The Electrical 
Diagrams shall represent, as closely as possible, the physical arrangement of 
the Equipment and their electrical connections. 

2.7.4.23 The current status of the Equipment shall be indicated in the diagram. For 
example. a decommissioned switch bay shall be labelled "Spare Day" 

2.7.4.2.4 The title block of the Electrical Diagram shall include the names of authorising 
persons together with provisions for the details of revisions, dates, and 
signatures. 

2.7.4.3 	Changes to Electrical Diagrams 
2.7.4.3.1 If ZETDC or a User decides to add new Equipment or change an existing 

Equipment Identification, ZETDC or the User, as the case may be. shall provide 
the other party a revised Electrical Diagram, at least one month prior to the 
proposed physical addition or change. 

2.7.43.2 If the modification involves the replacement of existing Equipment, the revised 
Electrical Diagram shall be provided to the other party in accordance with the 
schedule specified in the Amended Connection Agreement. 

2.7.43.3 The revised Electrical l)iagrarn shall incorporate the new Equipment to be 
added, the existing Equipment to be replaced or the change in Equipment 
Identification. 

2.7.44 	Validity of Electrical Diagrams 

(a) 	The composite Electrical Diagram prepared by ZETDC or the User, in accordance 
with the provisions of section 5.8.1 of the Grid Code, shall be the Electrical Diagram 
to be used for all operation and planning activities associated with the Connection 
Point. 

(1,) 	If differences arise pertaining the accuracy of the composite Electrical Diagram, a 
meeting between ZETDC and the User shall be held as soon as possible, to resolve 
the dispute. 

2.7.5 Connection point drawing requirements 

2.75.1 	Responsibilities of ZETDC and Users 

(a) 	ZETDC shall specify the procedure and format to be followed in the preparation of the 
Connection Point Drawing for any Connection Point. 
The User shall prepare and submit to ZETDC the Connection Point Drawing for the 
User's side of the Connection Point, in accordance with the schedule specified in the 
Connection Agreement or Amended Connection Agreement. 

(c) ZEFDC shall provide the User with the Connection Point Drawing for ZFrDC's side 
of the Connection Point. in accordance with the schedule specified in the Connection 
Agreement or Amended Connection Agreement. 

(d) If the Connection Point is at the User Site, the User shall prepare and distribute acorn-
posite Connection Point Drawing for the entire Connection PolitE Otherwise, ZETDC 
shall prepare and distribute the composite Connection Point Drawing for the entire 
Connection Point. 

(b) 
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2.7.2.1.2 ZEUI)C shall provide the complete communication Equipment required for the 
monitoring and control of the Connection Point and the Generating Units. A 
connection fee shall be charged to the user of the Grid as per the connection 
agreement for the provision of such equipment. 

2.7.2.1.3 Communication Equipment shall conform to the interface standard and protocol 
specified by ZI3rDC. The Generators to be under control shall be specified 
in the Connection Agreement. 7EFDC may use a combination of digital and 
analogue communication media. 

2.7.2.2 SCADA System for Monitoring and Control. 

2.7.2.2.1 Overall real time operation and monitoring of the Grid shall be supervised from 
the National Control Centre. The National Control Centre shall be manned 
around the clock. 

2.7.2.2.2 ZETDC shall provide a Remote Terminal Unit (RTU) for interconnection with 
the National Control Centre, to serve as Tele-control Equipment for monitoring 
real-time information and controlling the Equipment at the Connection Point 
and as part of its SCADA EMS system. The costs of RrUs shall be borne by 
zgriX: as pan of the NTS infrastructure. 

2.7.2.2.3 The Rf U shall be compatible tith the Master Station protocol requirements 
and modem specifications of ZEFDC. In the event that the Master Station is 
changed, ZETDC shall be responsible for any change needed for the RU to 
match the new requirements. 

21.2.2.4 ZETDC shall also provide specifications for other related equipment such as 
transducers, cables, etc. to be purchased by the generator and demand users 
for interconnection with the ZEFDC's SCA DA12\fSsystem. The costs of such 
equipment shall be borne by customers as part of connection assets. 

2.7.3 Fixed Asset Boundary Document Requirements 

2.73.1 Fixed Asset Boundary Document 
(a) The Fixed Asset Boundary Documents for any Connection Point shall provide the 

information and specify the operational responsibilities of Z1SFI)C and the User 
for the 1W and EHV primary plant that includes switchgear. transformers, reactive 
energy compensation equipment, cables, husbars etc. and secondary plant that 
includes protection, control, communications and measurements equipment. 

(b) The Fixed Asset Boundary Document shall show precisely the Connection Point and 
shall specify the following: 
• equipment and their ownership; 
• accountable Managers; 
• safety Rules and procedures including Local Safety Instructions and the Safety 

coordinator(s) or any other persons responsible for safety; 
• operational procedures and the responsible party for operation and control; 
• maintenance requirements and the responsible partyforundertaking maintenance: 

and 
• any agreement pertaining to emergency conditions. 

(c) The Fixed Asset Boundary Documents shall be available at all times for the use by 
the operations personnel of ZEDC and the User. 

(d) Accountable Managers. 
• prior to the Completion Date specified in the Connection Agreement orAmendcd 

Connection Agreement, the User shall submit to ZEI'DC a list of Accountable 
Managers who are duly authorised to sign the Fixed Asset Boundary Documents 
on behalf of the User. 

• Prior to the Completion Date specified in the Connection Agreement or Amended 
Connection Agreement, ZETDC shall provide to the User the name of the 
Accountable Manager who shall sign the Fixed Asset Boundary Documents on 
behalf of ZETDC. 

• Any change to the list of Accountable Managers shall be communicated to the 
other party at least six (6) weeks before the change becomes effective. H the 
change was not anticipated, it must be communicated as soon as possible to the 
other party. with an explanation why the change had to be made. 
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governing system to provide Frequency Control under normal operating conditions. All 
governors shall have droop settings adjustable between 3% and 6% and should he set at 5% 
or any such setting as given by ZETDC National (hid Controller. 

(b) 	When a Generating Unit becomes isolated from the Grid, the speed-governing System shall 
provide Frequency Control to the resulting Island Grid. Exemptions from this requirement 
shall be specified in the Connection Agreement or Amended Connection Agreement. 

	

2.6.6 	Power System Stabilisers 

Each generator shall come with a mandatory complete, fully functional and correctly tuned 
Power System Stabilisers (PSS). ZETDC shall witness performance tests of such a system and 
its adequacy on commissioning before acceptance of the machine to the grid. 

	

2.6.7 	Excitation Control System 

(a) The Generating Unit shall be capable of contributing to Voltage Control by continuous 
regulation of the Reactive Power supplied to the Grid or, in the case of Embedded Generating 
Unit, to the User System 

(b) The Generating Unit shall he fitted with a continuously acting automatic excitation control 
System to control the terminal voltage without instability over the entire operating range of 
the Generating Unit. 

(c) The performance requirements for excitation control facilities, including power System 
stabilizers, where necessary for System operations shall be specified in the Connection 
Agreement or Amended Connection Agreement. 

	

2.6.8 	Black Start Capability 

The ZlSf DC shall have adequate, effective and readily available Black Start capability at a 
number of strategically located facilities and shall adequately manage the establishment of 
relevant contracts for the provision of such services and their use. 

The generator shall specify in its application bra connection agreement or amended connection 
agreement if its generating unit has a black start capability. 

	

2.6.9 	Fast Start (Response) Capability 

The ZEFDC shalt have adequate, effective and readily available Fast Start capability at a number 
ofstrategically located Plants and shall adequately manage the establishment of relevant contracts 
for the provision of such services and their use. 

2.6. 10 Protection Arrangements 

(a) The protection of Generating Units and Equipment and their connection to the Grid shall be 
designed.coordinated.andtestedtoachievc the desired level ofspced,scnsitivity.dcpendability 
and selectivity in fault clearing and to minimise the impact of faults on the Grid as specified 
under section 8 of this Grid Code. 

(b) zErlx: and the User shall be solely responsible for the protection System of the electrical 
equipment and facilities at their respective sides of the Connection Point. 

(c) The site specific Fault Clearance Time shall be specified in the Connection agreement or 
Amended Connection Agreement- The general clearance times are for guidance purposes as 
specified in section 7 of this Grid Code. 

(ii) Where the Generator's Equipment is connected to the Grid and a circuit breaker is provided 
by the Generator (or by ZHFDC) at the Connection Point to interrupt the fault current at any 
side of the Connection Point. a circuit breaker fail protection shall also be provided by the 
Generator (or ZETDC). 

(e) 	The circuit breaker fail protection shall be designed to initiate the tripping of all the necessary 
electrically adjacent circuit breakers and to interrupt the fault current within the next 50 
milliseconds. in the event that the primary protection system fails to interrupt the fault current 
within the prescribed Fault Clearance Time. 

(1) 	The Generator shall provide protection against loss of excitation on the Generating Unit. 

(g) 	The Generator shall provide protection against pole slipping on the Generating Unit. 
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(b) The t.ser shall then submittozljrDC a statement of readiness toconnect. which shall include 
the Test and Commissioning reports. 

(c) The physical connection to the Grid shall be made only after the certificate of approval to 
connect has been issued by ZETDC to the User. 

2.15 	Generation Requirements 

(a) 	Generator Connection Criteria 
Every new connection to the system has to fulfil the generation connection standards specified 
below. In summary. the main criteria to satisfy in complying with this standard are, for any 
reasonable generation background. that 

• No planned outage of any equipment or fault outage of a transmission circuit shall cause 
a loss or restriction of any generation unless its part of the connection agreement. 

• A fault outage of a generator transformer or its associated circuit breaker or a section of 
busbar shalt not cause a loss of generation exceeding the system largest loss of 250MW 
(defined as the largest and credible system in-feed loss. 

• System frequency or voltages shall remain within statutory or equipment limits. 
• Generator stability shall be retained for all credible and securable incidents. 
• The Transmission System shall be operated under normal and outage conditions so that 

in the event of a fault outage of: 
I 	a single circuit overhead line 

I 	a double circuit overhead line 
/ 	a single circuit cable 
I 	a section of busbars 
/ 	a super-grid transformer 
I 	a reactive compensator 
I 	the most onerous single system in-feed, for example a generator 

• There shalt not be unacceptable permanent overstressing of switchgear and other system 
components.Tcmporary overstressing of switchgearmay be acceptableonly forswitching 
time not exceeding 15 minutes. 

There shall not be: 

• Permanent change in system frequency below 49.5 Hz. 

• Unacceptably high or low voltage conditions or insufficient voltage performance margins. 

• System instability. 
• Unacceptable overloading of apparatus. 

(b) 	Types of Connection and Connection Standards 

o Single Generator Circuit 
This is the simplest generator connection arrangement. 

o For a generator up to SOM\V 
limits on the length of the generator circuit are that it must be less than 20km for an 
overhead tine or else it has to be a cable circuit or double circuit overhead line connection 
as a minimum requirement. 

o For each set of banked generation greater than 50MW and up to 250MW 
Limits on the length of the generator circuit are that it must be less than 5km for an 
overhead line orelse it has to be a cable circuit or double circuit overhead line connection 
as a minimum requirement. 

o For each single generator unit greater than 50bIW and up to 250MW 
Limits on the length of the genentorcircuit are that it must he less than 5km foran overhead 
line generator circuit or else it has to be a cable circuit or double circuit overhead tine 
connection as a minimum requirement. 

o For a single unit of generation greater than 250MW and up to 300M'W. 
Banking of generation is unacceptable and limits on the generator circuit are such that 
a double circuit overhead line with twice the maximum export limit of generation unit 
shalt be used for redundancy during outage condition and the double circuit line length 
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2.4.4 Components of ZETDC Quotation 

To facilitate the customer's connection, ZEFDC ssill need to establish the relevant electrical connection 
from the nearest and most economic ZETUC connection point to the customer location point. Additional 
works may need to be carried out to reinforce the system and maintain the Transmission Grid system 
security as directly triggered by the customer connection. The quotation submitted to the customer in 
response to a connection application will capture and account for all costs directly proportional to customer 
requirements. These costs and their categories are: 

• connection Assets and Local Works 

• wider System Works 

• third party works 

2.4.4.1 Connection Assets and Local Works 

Connection assets cover the works and assets required from the customer busbars to the Grid 
connection point and are required to resolve any local (substation) issues such as fault levels and 
any other network noncompliance that may be triggered directly by the connection in question. 

Generator assets include the electricity generating plant. the generator step-up transformers and 
the high voltage Secondary side of the transformer (as detailed in the asset demarcation register). 
The (iridconnection Point (GCP) for generators is at the 1-tv busban.lhis also defines ownership, 
control and the applicable boundary of the generation connection criteria. 

The Grid Connection Point, also known as the Point of Common Coupling (PCC), will be as 
determined in the asset demarcation register. Here the demand connection criterion applies. 

These requirements and the associated costs are considered to be 100% directly proportional 
to customer requirements and are met in full by the customer. The quotation will reflect like-
wise. Figure 2.4.4.1 below shows the NTS GCP for generators, directly connected end-users 
and distributors. 

Figure 2.4.4.1: National Transmission Infrastructure 

2.4.41 Wider System \Vorks 
Wider system works are works away from the actual point of connection and are required to 
resolve wider power flow issues or system reinforcements caused by the addition of the new 
generators and loads in accordance with application of the Grid Code system security standards. 
The customer pays forthe charges that are considered and agreed to be 100% directly proportional 

to his connection requirements. 
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SECTION 2—GRID CONNECTION CODE 

2.0 Introduction 

This Grid Code is for the protection of the National Transmission System, Users' Plant and Apparatus 
directly connected to the Transmission System. In order to maintain stable and secure operation of the 
Transmission System for the benefit of all Users, it is necessary to require certain minimum technical, 
design and operational criteria to be met by ZETL)C and its assets and Users and their assets. The Grid 
connection requirements establish certain principles and standards relating tomethodofconncction, technical 
standards, petformance standards, and data requirements. In addition to the connection requirements, there 
are Connection Agreemenm which are bilateral between ZETDC and each user and which contain the 
detail specific to each User's connection to the Transmission System Grid. Such agreements between the 
I Jser and ZEFDC shall comply with the Grid Code. 

2.1 ZErDC Responsibilities and Obligations 

(a) 	Toassess.charge and process all connection applications in a fair. non-discriminatory.consistent. 
competent and timely manner. 

(h) 	New customer connections shall he designed in such a way as not to cause network issues that 
affect negatively or disadvantage existing connected customers. 

2.2 Purpose 

The purpose of the Grid connection requirements is: 

(a) 	to specify the technical, design, and operational criteria at the User's Connection Point; 
(h) 	to ensure that basic rules for connection to the Grid or to a User system are fair and non- 

discriminators' to all Users; 

(c) to ensure that any new connection shall not impose any adverse effects on existing Users: 
(d) to ensure that new connections shall not suffer adversely due to existing Users; 
(e) toassist Users in the maintenance of acceptable reliability and quality levels through specification 

of minimum design and operational criteria; 

(I) 	to list and collate data required by ZEI1X from all Users and to list data to be provided by 
ZETDC to each User. 

2.3 Scope of Grid Connection Requirements 

The Grid connection requirements shall apply to— 

(a) Zl'C; 
(b) ZFrI)C; 

(c) new and existing generators to be connected to ZEI'DC System; 

(c) 	any other Transmission System within or outside Zimbabwe connected or intending to be 
connected to ZEI'DC system; 

(c) 	any provider of Ancillary Services to the Transmission System. 

ZERA shall monitor compliance to all matters covered by this section of the (kid Code and shall design 
and effect appropriate penalties for enforcing compliance. 

2.4 Grid Technical. Design and Operational Criteria 

14.1 Procedures for Application for Connection or Modification 

• =DC shall establish the procedures for the processing of applications for connection or 
modification of an existing connection to the Grid. 

• The Usershall submit to ZEn )C the completed application form forconnection or modification 
of an existing connection to the Grid. The application form shall include the following 
information: 
(a) a description of the proposed connection or modification to an existing connection, which 

shall comprise the User Development at the Connection Point; 

10 
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: :mbers of the Grid Code Review Panel shall possess relevant technical skills and shall be subject to 
approval by ZERA ZERA shall be immediately informed of changes in the composition of the Grid Code 
Review Panel and shall approve such changes. 

For continuity purposes, membership of individuals from the above entities shall be permanent and any 
changes of member representation by entities shall be communicated in writing to ZERA within thirty 
(30) days. 	 t 

1.5 Standing  Committees to deal with specific issues 

The Grid Code Review Panel can, at its discretion, form standing committees to deliberate and recommend 
on specific issues. 

The Grid Code Review Panel, at their discretion, shall invite at their meetings. Chairperson of each of the 
Standing Committees concerned with particular items on their Agendas. The Chairperson of a Standing 
Committee may delegate a representative from the Standing Committee to take part in the discussions. 

The Panel, at their discretion, may invite representatives from Consultants and/or any other Organisation 
suchas Government Departments, I .ocal Authorities. Railwavs,ièlecomrnunications. StandardsAssociation 
ofzimbabwe. Financing Institutions oracademic/technical institutions. toattendPanel Mcctingsdepending 
on the Agenda. Such invited members can express or offer advice on the matter under consideration but 
shall only act as observers in the final determination. 

1.6 Grid Code Review Panel Rules 

The rules to be followed by the Panel in conducting its business shall he formulated by the Panel itself 
and shall be approved by ZERA. The Panel will meet at least once in three months. 

No revision or modification of the Grid Code shall be made without knowledge of the Grid Code Review 
Panel and  AM'  approval. 

In an unusual situation where normal day-to-day operation is not possible without revisionofsomcclauses 
of the Grid Code, a provisional revision may be implemented before approval of ZERA is received, but 
only after discussion by the Grid Code Review Panel through a meeting convened on an emergency basis. 
ZERA should promptly be informed about the provisional revision in writing and approve the revisions 
within fourteen (14) days from the date of notification by the Grid Code Review Panel. 

ZERA may issue directions requiring ZEf DC to revise the Grid Code in such a manner as may be specified 
in those directions, and ZETDC shall promptly comply with any such directions through the Grid Code 
Review Panel. 

1.7 Functions of the Grid Code Review Panel 

The functions of the Panel are as follows- 

!. To keep the Grid Code and its workings under continuous scrutiny and review. 

2. To analyse any major Grid disturbances soon after the occurrence as recommended by ZETDC or any 
other user, and evolve any consequent revision to the Grid Code. 

3. To consider all requests for amendment to the Grid Code which are proposed by the Users. 

4. To publish recommendations for changes to the Grid Code together with the reasons for the changes 
and any objections, if applicable. 

5. To issue guidance on the interpretations and implementation of the Grid Code. 

6. To examine problems raised by Users. 

ZEf DC may hold sub-meetings with a Userto discuss individual requirements and with a group of Users 
to prepare proposals for the Panel meeting. 

1.8 Meetings 

The Committee shall establish and adopt its own rules and procedures relating to the conduct of its business 

to be approved by ZERA. 
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The Grid Code defines what is understood by non-discrimination through the definition olconsisicut and 
transparent principles, criteria and procedures. 

GRID CODE OVERVIEW 

The Grid Code has the following sections— 

(a) a Governance Code, detailing all aspects of Grid Code governance; 

(b) a Grid Connection Code broken down into sections defining connection conditions and connection 
points to the NTS for generators, distributors and directly connected end-use customers with Third 
Party Access rights; 

(c) a Performance Standards Code, focusing on the TNSP and customer technical (QOS, reliability 
and system capacity) network requirements and defining technical design requirements applicable 
to the service providers; 

(d) a Network Planning Code defining the NTS development process and methodology; 

(e) a Scheduling and Dispatching Code specifying the sched Wing of generators' production and its 
dispatch to distributors and directly connected end-use customers; 

(I) 	a System operation Code, defining the rights and obligations ofthe participants regarding operation 
of the IRS; 

(g) a Metering Code, specifying the requirements for tariff metering at the Ni's interlace level; 

(h) a Protection Code, specifying the minimum protection requirements as well as typical settings. 
to ensure adequate performance of the power network as experienced by the customers; 

(i) an Information Exchange Code, specifying the information requirements and obligations of all 
the parties. 

The Grid Code is intended to provide the following assurances - 

(a) to ZERA. that the service providers operate according to the relevant parts of their licences; 

(b) to customers, that service providers operate transparently and provide Third Party Access to their 
defined services; 

(c) to service providers, that customers will honour their mutual Grid Code obligations and that there 
is industry agreement on these. 

SliCflON I—GOVERNANCE OFTHE CODE 

1.1 Introduction 

The Governance Code describes the provisions necessary for the overall administration and review of 
the various aspects of the Grid Code. This Code shall be mad in conjunction with the relevant legislation. 
the licenses issued to generators, transmission companies, distributors and retail suppliers and other 
operating codes that relate to the Electricity Supply Industry. 

12 Objective 

The objective of this section is to define the method of managing the Grid Code, submitting and pursuing 
any proposed changes to the Grid Code and the responsibility of all Users to effect that change. 

1.3 Responsibilities 

ZERA is the administrative authority for the Grid ('ode and shall ensure that the Grid Code is compiled, 
implemented andcomplied with forthe bencfttofthe industry. ZERA shall performthe following functions— 

(a) ensure that all licencees comply with the Grid Code requirements: 

(b) constitute the Grid Code Review Panel (CJCRP) and review its membership on an annual basis; 

(c) consider and respond toGCRPsubmissions within three months after the matter has been referred 
to them for approval; 

(d) publish Grid Code documentation; 

(e) chair all (JCRP meetings in line with the requirement of the Code; 

(I) 	fund the administrative activities of the GCRP. 

6 



Electricity (Grid Code) Regulations, 2017 

GRID CODE REVISIONS 

RevisionNo. Date By Detail of the Revision 

00 May 2006 ZERC inception of code 

01 July 2013 Grid Code 

Review Panel 

• 
• 
• 

Firg review of Code to rdlect change from ZERC toZERA. 

Code to reflect change from ZETCO to ZE1DC. 

Change to a table of contents without sub-titles 

• Preamble changed to capture all players in the system 

• ZETDC responsibilities revisal 

• Objectives of the Grid code have been revised 

• Contents of the grid code section removed (catered for in 
contents section) 

• Definitions section removed and tIled to appendix 

• Section 1.12 now has a time line of 14 days for dispute issu 
not covered by the Grid Code. 

• Section 1.14 System Derogations section added 

• Section 2.12 Addition of New and exLstm.  generators to the 
Scope of Chid Connection Requirements 

• Inclusion of Fig 2.3.4.1 National Transmission Inliasiructure 

• Change in Section 2.4 Grid technical, design and operational 
criteria. 

• Addition of Clock Start Date section 2.3.2.1. 

• Addition of Type of Cu.qomcr section 2.3.3 

• Addition of Components of ZETI)C quotation section 2.3.4 

• Addition of Commercial and Charging issues section 2.4 

• Addition of Ownership Boundaries 2.4.1 

• Addition of Interactivity section 2.4.2 

• Section 2.4.5: Addition of Generation requirements 

• Addition of Section 2.5.6 Power System Stabilirs 

• Section 2.5.9: Modification of Fast Start (response) capability. 

• Section 2.6.1; Tide changed to Demand Connection standards. 

• Addition of Section 2.6.1.3 Frequency response 

• Addition of table 3.3.1 Frequency limits 

• Addition of Performance monitoring section 3.5.3. 

• Addition of Section 	Scheduling and Despatch 

• Shilling of definitions from beginning of document to 
Appendix Ill - Definitions 

• Addition of Voltage Step change standards to sections (4.3.6 
and 6.10) 

• Removal of project appraSl framework code 
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Electrolyte levels of all cells shall be checked monthly. If below minimum level, it 
shall be topped up with distilledideionised water to the level marked Maximum" 

The float charge shall be set at cell rated voltage. 

631.2.10 Circuit Breaker Tests (SF6 and Vacuum) 
Circuit breakers shall undergo annual timing test. The closing and opening times 
shall be determined and compared to the manufactures prescribed close open times. 
If outside the prescribed limits, then appropriate remedial action shall be effected. 
Circuit breakers shall undergo annual dynamic resistance tests to ascertain contact 
integrity. 

S 
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SECFK)M 7— METERING CODE 

7.1 Introduction 

This Metering Code sets out a uniform policy in respect of electricity metering at boundaries between 
entities (Grid Connection Points) so that the transfer of electrical energy is properly accounted for. 

7.2 Objective 

The objective of the Code is to define the minimum acceptable metering standards for the purpose of 
accountability, bitting of electrical energy at the Grid Connection Points as specified in the Connection 
Agreement. The Code alsospecities the requirement ofcalibzation, testing and commissioning for metering 
equipment. The Code broadly indicates the technical features of various elements of the metering, security, 
meter reading and the procedure for the resolution of disputes. 

73 Scope 

The scope of this Code covers the practices that shall be employed and the practices that shall be provided 
for the measurement and recording of various parameters like energy pulses. Active/Reactive power and 
is applicable to all Grid Users and ZETDC. 

7.4 Application of the Metering Code 

This Section of the Grid Code applies to all stakeholders in respect of any metering point, which connects 
to the Transmission Grid. This Section of the Grid flxle sets out provisions relating to: 

(a) Provision, and maintenance of metering equipment: 

(b) Collection of metering data; 

(c) Accuracy of all equipment used in the process of electricity metering; 

(d) Testing procedures to be adhered to; 

(e) Storage requirement for metering data; 

(I) 	Competencies and standards of performance; and 

(g) 	Relationship of entities involved in the electricity metering industry. 

ZERAshaII monitorcompliance to all matters covered by this section of the GridCodc and shall 
design and effect appropriate penalties and incentives for enforcing compliance. 

7.5 Metering Equipment 

The metering equipment at the Grid Connection Points shall consist of some or all of the following: 

(a) Instrument transformers; 

(b) Lightning protection; 

(c) Revenue class meters; 

(d) Integrating pulse recorder(s) and time source; and 

(e) Test interfaces to include test blocks 

7.6 Active Energy and Demand Metering 

Active Energy and Demand Metering shall be required at every Grid Connection Point. Active Energy 
and Power exported or imported by parties shall be metered and generating units/Grid substations shall 

be monitored as required. 

7.7 Tariff Metering 

Tariff metering shalt be designed and installed so as to measure imports from generators and exports to 
Grid Users. As far as possible the tariff metering shall be connected at the delivery point i.e., for energy 
exported from generators to the Grid at the HV side of the generator transformer (step tip transformer) and 

forenergy imported from the Gridforstatioflcoflsumption on the LV side of theGridsubstation transformer. 
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Tariff metering for the imports/exports on inter-connectors shall be installed at the receiving/sending 
substation. The meters, however. must be configured tocompensate for losses from/tothe National Border. 
Similarly. at the (hid Connection Point with (hid Users, two meters shall be installed—one Main and 
the other Check. 

The meter pulses shall be made available to ZEFDC to allow separate recording of the input 
and output Active Energy and Power at each Connection Point. 

The Reactive Energy and Demand metering shall be provided to independently meter input and 
output from the Grid. It shall measure all quadrants in which Reactive Power flow is possible. 

The meter pulses shall be made available to allow separate recording of the input and output 
Reactive Energy and Demand at each Connection Point. 

7.8 Integrating Pulse Meters 

To accommodate the operation of the Grid. Integrating Pulse Meters shall be provided at ever)' 
Connection Point to record Active and Reactive integrated Demand data for use in billing and 
settlements for Energy services provided by the (hid and for transactions between Users. 

All Integrating Pulse Meters shall be capable of electronic downloading of stored data or manual 
on-site interrogation by the Meter Operator. 

All Integrating Pulse Meters shall have fail safe storage for at least two months of integrated 
demand data and be capable of retaining readings and time of day for at least two (2) days without 
an external power source. 

A it opportunity should be taken by all Grid Users and /RI' DC to install Smart Meters  at the Grid 
Connection Points as a move towards Smart Grids and real time access to energy information. 

7.9 Responsibility for Metering Installations 

• At a Grid Connection Point, the seller shall own the Main Meter while the buyer shall own the 
Check Meter. 

• Respective generators shall osvnall generation Main Metering andthe generators are responsible 
for ensuring that all such metering complies with the metering standards and requirements of 
this Code. The Check Meter will be the responsibility of ZETDC. 

• All tariff metering at the Grid Connection Points exporting power from the \1S, shall be the 
responsibility of ZEI DC. In this case. Z1'DC shall own the Main Moreland the Distributoror 
Large User the Check Meter. 

• The provisions of the relevant interconnection agreement shall govern all metering at SAPP 
interconnection points. 

• Energy consumed by a generating station and drawn from ZETDC Grid shall be measured by 
the tariff metering and generators shall pay for this energy drawn from the Grid. 

• zErlx: shall be responsible to ensure that all points identiliedto be metering points have metering 
installations. 

• ZETDC shall recoverits costs for metering installation as part of its investment in infrastructure 
from the transmission tariff. 

• ZETDC shall be responsible to manage and collect metering information for the Grid Connection 
Point. 

parties connected orwantingtoconnecttothe Grid shall provide thcZtTDCwithall information 
deemed necessary to enable performance of its metering duties. 

7.10 Metering equipment standards 

7.10.1 Voltage Transformers 
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• The voltage transformers shall comply with the IEC 44 Standard or its equivalent national 
standard for metering, and should he of the 0.5 accuracy class. These voltage transformers 
shall be connected Wye-Wye with both starpoints grounded toa grnunding('rridofacceptahle 
resistance and shall provide a four-wire secondary connection. 

• The voltage drop in each phase of the voltage transformer connections of the same accuracy 
and class shalt not exceed 0.2 V. It shall be connected only to a billing meter 'iili a burden 
that shall not affect the accuracy of measurement. 

7.102 Current Transformers 

• The current transformers shall comprise three units for a three-phase set, each of which 
complies with the IL-X44 Standard or its equivalent national standard for metering. and is of 
0.5 accuracy class. It is preferred that two (2) current transformer cores with corresponding 
number of secondary coils per phase be provided, one connected to the Main Meter and the 
other to the Check Meter. 

• The current transformer's rated secondary current shall he either I or S amperes. The 
neutral conductor shall be effectively grounded at a single point. The current transformer 
shall be connected only to a billing meter with a burden that shall not affect the accuracy of 
measurement. 

7.10.3 Meters 

Meters shall be of the three-phase four wire type rated for the required site, comply with the 
appropriate 1Ff Standards or their equivalent national standards, for static watt-hour meter 
and other types of meters. and be of the accuracy class of 0.2 or equivalent. 1'he meters shall 
measure and locally display at least the kW, kWh, kVAlt, kVARh. and cumulative Demand. 
with the features of time-of-use, maintenance records, and pulse output. 

Acumulative record ofthe parameters measured shall be available on the meter. Bi-directional 
meters shall ha e two such records available. IfeombinedActive Pnergy and Reactive Energy 
meters are provided, then a separate record shall be provided for each measured quantity 
and direction. The loss of auxiliary supply to the meter shall not erase these records. 

For all metering installations, pulse output shall be provided for each measured quantity. 
The pulse output shall be from a three-wire terminal with pulse duration in the range from 
40 to 80 milliseconds (preferably selectable) and with selective pulse frequency or rate. lit 
minimum pulse frequency shall comply with the 1Ff Standard or its equivalent national 
standard, for the shortest integration period and the accuracy class of the meter. Pulse output 
shall be galvanicallyisolatedfromthe voltage/current transformers beingmeasuredand from 
the auxiliary supply input terminals. The insulation test voltage shall be 1000 VAC, 50 Hz 
and applied for one minute. 

• As the NI'S is transformed into a Smart (hid use of Smart Meters will do away with the 
need of pulse outputs. 

7.10.4 Integrating Pulse Recorders 

• Integrating Pulse Recorders shall be capable of recording integrated Demand periods 
adjustable between fifteen (15) minutes and sixty (60) minutes. 

• Each recorder shall he capable of electronic data transfer through dedicated telephone lines 

or ZETI r's communication channels or manual downloading of data on-site. 

• The integrating pulse recorders shall provide a record for reference at a future time. The 
record shall be suitable for reference for a period of at least one year after it was generated. 

The integrating pulse recorder shall be regularly interrogated and the record shall also be 

maintained at the recorder for two(2)complete billing periods between one (I) interrogation 
or sixty (60) days, whichever is longer. 

• The time reference used with the Demand recorder shall ensure that the Demand period 
accuracy of this integrating pulse recorder is with a time error of no more than~ -1 second. 
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• All revenue metering installations shall record time, based on the Central African standard 
time. 

• The start of each demand period shall be within +1-30 seconds of the standard time. 
• Reprogramming of integrating pulse recorders shall be done as soon as possible within one 

billing cycle if there is a time error. 

7.11 Metering Equipment Testing and Maintenance 

7.11.1 Instrument Transformer Testing 

Test on the InstrumentTransfonnersat the Grid Connection Point, shall be done byZETDC 
orapaflyauthrizedhyzETDCandtheconcernedUserduringthe'lbstandCommissioning 
stage and then at least once every five (5) years or as the need arises due to queries on 
accuracy. The tests shall be carried out as specified in this Section of the Grid Code or an 
agreed equivalent international standard. 

An Instrument tntnsfonncr shall not be connected to a load beyond its rated burden and 
shall he operated at the optimum burden range to achieve maximum accuracy of the 
metering system. Burden Test shall be conducted during commissioning, re-installation 
or relocation or when requested by the User and/or the '/EFDC. Loading resistors for 
compensating low burdens may be allowed as long as accuracy level is sustained. 

7.11.2 Meter ièsting and Calibration 

ZETDC and the user shall test and seal the meters at least once a year and recalibrate or replace 
such meters if found to be outside the acceptable accuracy stipulated in the Grid Code. 

7.113 Request for Test 

A Grid User or ZETDC may request a test of the installed metering equipment if it has 
reason to believe that the performance of the Equipment is not within the accuracy limits.. 
The test shall be done by the two concerned parties or an independent entity approved by 
both parties. 

• If the meter Equipment fails the test, ZEFDC shall pay for the cost of the test. If the meter 
Equipment passes the test, the party who requested the test shall pay for the test cost. 

7.11.4 Maintenance of Metering Equipment 

• The metering equipment at the Grid Connection Point shall be maintained by ZEI1XL 
All test results, maintenance programs, and sealing records shall be kept for the life of the 
Equipment. The Equipment data and test records shall be made available to authorized 
Parties. 

• ZET'DC shall repair the metering system as soon as practical and in any event within two 
(2) days if a metering system malfunctionsor maintenance occurs. ZETDC shall be allowed 
to charge the metering services provided, subject to the approval of the ZERA. 

7.11.5 Metering Equipment Security 

ZETI)C shall take all reasonable steps to prevent unauthorized interference with the equipment. 
ZFTDC shall provide seals and other appropriate devices to prevent unauthorized alteration on 
site settings and calibrations. The metering equipment cubicle shall be completely and securely 
locked and sealed provided any register on equipment is visible and accessible. ZETDC shall 
also provide appropriate security against unauthorized access and against corruption of data in 
transmission. 

7.12 Meter Reading and Metering Data 

7.12.1 Integrating Pulse Metering Data 

• ZEfDC shalldownloadlntegrating Pulse Meteringdata(theactual hourlydataun generation 
and off-takes at each Grid Connection Point) for billing and settlement purposes. Each  User 
shall be provided full access to the data for his Grid Connection Point 
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The pulses from two or more meters may be combined into one integrating Pulse Recorder 
Provided all the requirements of this Section of the Grid Code are met. 

• The meter pulses that need to be integrated into the recorder are: 

(a) active Energy and Demand incoming and outgoing in the Grid; and 

(b) reactive Energy and Demand incoming and outgoing in the Grid 

• Provisions shall be made by ZE1'DC to permit on-site as well as remote interrogation of 
the Integrating Pulse Recorder. 

7.12.2 Running Total of Active Energy and Power 

At input/output connections, the Active Energy and Active Power metering shall provide the 
running total of the Energy. Combined meters which measure both the Active Energy and Active 
Power input to and output from the Cuid shall have the running totals available foreach measured 
quantity, each direction, and each (ltiacilt or combination of quadrants. 

7.12.3 Running Total of Reactive Energy and Power 

At input output connections, the Reactive Energy and Reactive Power metering shall provide 
the running totals of the Energy. Combined meters which measure both the Reactive Energy 
and Reactive Power input to and output from the Grid shall have the running totals available for 
each measured quantity, each direction, and each quadrant or combination of quadrants. 

7.12.4 Billing and Settlement Procedure 

The billing procedures shall be asoutlined in Service LevelsAgrcements and/or Power Purchase 
and Power Supply Agreements 

7.13 Settlement Audit Procedure 

7.13.1 Right to Request Settlement Audit 

The User shall have the right to request an audit of the settlement data related to its account and 
the right to choose an independent third party qualified to perform the audit. ZETDC. Generators 
and Grid Users shall cooperate in the auditing process. 

7.13.2 Allocation of Audit Cost 

The externalauditorhasto he approved by all concerned parties. The requesting party is responsible 
for all outside auditor costs. 

7.13_I Audit Results 

The audit results shall be issued to the billing party who shall issue a response to the audit report. 
including any adjustment in account billingipayments proposed. 

7.13.4 AuditAppeals 

If any Userdisagrees with the billing-party's response to the audit, that response may be appealed 
toZERA. 

7.13.5 Confidentiality 

Metering data and passwords are confidential information and shall be treated as such at all 
times. 

7.13.6 References 

The following standards shall be applicable as relevant to meters and associated equipment 

(i)  Electricity meters —class 0.5. I and 2 single-phase and poly-phase. 
single rate and multi-rate watt-hour meters. 

RS cta5  

(ii)  Insulation test for electric relays IEC 255-5 

(iii)  Alternating current static watt-hour meters for active energy (classes 
025 and 0.55) 

LEC 687 

(iv)   Standard for Current Transformers IEC 44 

(v)  Standard for Voltage Transformers LEC 44 
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SECTION 8—PROTECTION CODE 

8.1  Introduction 

This Section specifies the minimum protection requirements as well as typical settings, to ensure adequate 
performance of the power network as experienced by the customers. ZEI'lX shall at all times install and 
maintain protection installations that comply with the principles and specifications of this Section. 

8.2 Objective 

The objective of this Protection Code is to define the minimum protection requirements for any equipment 
connected to the Grid. The objective of the Protection Code is todefine minimum protection requirements 
for any system or equipment connected to the Grid. This is done in order to: 

• Ensure agreed power quality to customers 

• Minimise damage to primary plant 

• Prevent damage to healthy equipment that conducts fault current during faults 

• Restore supply over the remaining healthy network 

• Sustain stability and integrity of the power System 

• Limit safety hazard to the power utility personnel and the public. 

8.3 General Principles 

Protection schemes are generally divided into: 

• Equipment protection and 

• System protection. 

The main functions of equipment protection are to selectively and rapidly detect anddisconnect a limIt 
on the protected circuit. The main function of system protection is to respond to a system condition 
as opposed to a system fault e.g. under frequency, voltage slide, out of step or sub synchronous 
resonance and undertake appropriate automatic actions to maintain power network integrity. 

The protection functions are considered adequate when the protection relays perform correctly in 
terms of: 

• Dependability 

• Security 

• Speed of operation 

• Selectivity 

• Sensitivity 

All Cl rid users shall ensure correct and appropriate settings of protection to achieve effective. 
removal of faulty equipment within the clearance time specified in Section 8.6 of this Grid 
Code. Protection settings at the Grid Connection Point shall not be altered, or protection 
bypassed an&or disconnected without consultation and agreement of ZIETI)C and the Grid 
User. In the case where protection is bypassed and/or disconnected, by agreement, then the 
cause must be rectified and the protection restored to normal condition as quickly as possible. 
If agreement has not been reached the electrical equipment will be removed from service 
forthwith. 

LLKA shall monitor compliance to all matters covered by this section of the Grid Code and 
shall design and effect appropriate penalties and incentives for enforcing compliance. 

8.4 Protection Coordination at the Grid Connection Point 

ZETDC shall be responsible for co-ordination of protection at the Grid Connection Point and shall 
investigate any mat-function of protection or other unsatisfactory protection issues at the Connection 
Point. Grid Users shall take prompt action to correct any protection mal-function. 
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8.5 'resting of Protection Equipment 

ZFFDC shall conduct periodic testing of equipment and systems to ensure these are performing to the 
designed specifications. Periodic tests must be performed within a period of two years. Each Grid User is 
responsible for tests on own equipment and test results shall be submitted to ZI3TDC. The tests are to be 
done as per the test procedures detailed under this Section of the Grid Code and as specified from time 
to time by ZETDC. 

8.6 Fault Clearance Times 

From a stability consideration the maximum fault clearance times for faults on any Grid User's system 
directly connected to the Grid, or any faults on the Grid itself, arc as follows: 

Allowable Maximum Clearance Times: 

Voltage (kV) Time (milli-seconds) 
400 80 
330 80 
220 100 
132 100 
110 160 
88 160 
66 160 
33 200 
22 200 
Il 200 

Tabk 86: Fault dearanec tints 

Higher voltages have generally faster clearance times because of the critical nature of such faults on the 
overall system. However, appropriate discrimination should be observed when protection settings are 
applied. Slower fault clearance times for faults on a Grid Users system may be agreed to but only if. in 
ZVFDC's opinion, system conditions allow this. 

8.7 Generator Protection Requirements 

All Generating Units and all associated electrical equipment of the Generator connected to the Grid shall 
be protected by adequate protection so that the Grid does not suffer due to any disturbance originating 
from the Generating Unit. The minimum protection for the generators shall constitute the following: 

• Over-current and Earth Fault 

• Differential Protection 

• Reverse power protection 

• Overvoltage protection 

• Negative phase sequence 

• Field failure 

as Transmission LAne (220-400kV) Protection Requirements 

EvemyTransmission line taking off fromaGenenting Slationora sub-station shalt have Main and Back Up 
protection as mentioned below. ZEF DC shall notify Grid Users of any changes in its policy on protection 
from time to time. Protection requirements for transmission differ slightly for short and long lines. For 
the purposes of this Grid Code short line are up to  km. 

8.9 Transmission Line Protection Design Standard 

On long lines the main protection shalt be Distance Protection and on short lines (5km and below) it shalt 
be Differential Protection or a combination of the two. Transmission lines shall be equipped with adequate 
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protection systems, which include one or two discreet Distance Protection Relays (Main I and Main 2). 
Where Main I and Main 2 protection systems are installed and where practicable, these shall be designed 
to operate independently of the other. The relays should be connected to separate measuring transformers 
and auxiliary supplies fused separately. 

The minimum requirement for the protection of the protected line is three forward zones. Zone I should 
normally be 80% of the protected line and zone 2 and zone 3 should be 12004; and 150% Of the protected 
line respectively. Zone 2 covers 100% of the protected line and 20% of the next shortest adjacent line. 
Zone 3 covers l(X)% of the protected line, 50% of the next adjacent shortest line and should have 15% 
reverse reach on the protected line. 

The I )istance Protectionshouldalsooperate ondifl'erent schemes—(permissive over-reachand permissive 
under-reach). Directional Earth Fault protection shall be incorporated in the Distance Protection Relays 
or installed as a separate relay to provide more sensitive protection against high impedance Earth Faults. 
Back up over-current and Earth Fault protection shall be installed. 

Short feeders should be equipped with line Differential Protection Relays in addition to all the other 
protection to improve performance for high resistance faults. 

8.10 Automatic Re closing (ARC) on Transmission Lines 

The most important consideration in the application of automatic re-closing (ARC) on transmission lines 
is the maintenance of system stability and synchronism. Automatic re closing is initiated following Zone 1 
operation of the Distance Protection Relay and subsequent trippingoithe circuit breaker fora fault on the line. 

ARC sequence will comprise a single phase 111gb Speed Auto Re closing (IISAR) followed by three 
phase Delayed Auto Re closing (DAR) if necessary. Note that for three phase fault only the delayed auto 
re-closing should be initiated. 

8.11 Power Swing Blocking 

Power swings are variations in power flow which occur when the voltage of generators at different points 
of the power system slip relative to each other to cater for changes of load magnitude and direction or as 
a result of faults and their subsequent clearance. The result of a power swing may cause the impedance 
presented to a distance relay to move into the relay-operating characteristic. In the case of a transient 
power swing, it is important that the distance relay should not trip and should allow the power system 
to return to a stable condition. Most distance relays on the transmission system have an optional power 
swing-blocking feature available. ZEFDC will ensure that this feature is enabled for the Transmission lines. 

8.12 Sub transmission(l32kV and below) lines 

Sub Transmission feeders shall be protected by a single Distance Protection. Sub Transmission lines 
protection shall consist of main and back up protection. Main protection shall be a single Distance Protection 
Relay consisting of three forward zones. The zones areas per Section 8.9 of this Grid Code. Back up shall 
be provided by definite time and inverse definite minimum time (ll)MT) Over-Current and Earth Fault 
Relays. Short feeders should be equipped with additional differential Relays to provide more sensitive 
protection for high impedance faults. I Iigh-specdauto re closing is deemed necessary forstability purposes. 
However, most sub transmission lines are radial and less critical to system stability. Sub Transmission 
lines therefore do not necessarily need IISAR, unless specified by ZETDC. Three phase delayed Auto 
Re Closing should therefore be employed on zone I faults on the sub transmission system for all faults. 

8.13 Distribution Line Protection Requirements: 

For the purposes of this Grid Code. Distribution shall refer to all Grid Connection Points at 132kv, 88kV, 
33k' and below. All 132kv, 88kv, 33 kV and II kV lines at Grid Connection Points shall be provided with 
a minimum of Over Current and Earth Fault protection with or without directional features as given below. 

8.14 Plain Radial Feeders: 

Non-directional time lag Over Current and larth Fault Relay with suitable settings to obtain discrimination 

between adjacent relay stations. 
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8.15 Parallel FeedersiRing Feeders: 

Directional time lag Over Current and Earth Fault Relays. 

8.16 LongFe ders'Tnnsformer Feeders 

For long feeders (above 5 km) or transformer feeders, the Over Current Relays should incorporate a high 
set instantaneous element. 

8.17 Transformer Protection Requirements: 

&17.1 Generating Station! Transmission System 

All windings of Auto Transformers and power transformer of EHV class shall be protected by 
differential and Balanced Earth Fault (REP)! Restricted Earth Fault (REP) Relays. In addition 
there shall be back uptime lag Overcuntntand Earth Fault protection. Fortransfonnersoperating 
in parallel. Back up Over Current and Earth Fault protection shall have a directional feature at 
the Connection Point. Over Current Earth Fault The Over Current Relays should incorporate a 
high set instantaneous element. In addition to electrical protection, gas operated relays, winding 
temperature protection and oil temperature protection shall be provided. 

8.17.2 Distribution system at Connection Point 

For smaller transformers of liv class on the Distribution System Differential Protection shall 
be provided for 10 MVA and above along with back up time lag Over Current and Earth Fault 
protection (with directional feature for parallel operations). 

Transformers of 1.6 MVA and above and less than 10 MVA shall be protected by time lag Over 
Current, Earth Fault and instantaneous RE!-' relays. In addition all transformers of 1.6 \l\'A 
and above shall be provided with gas.operated relays, winding temperature and oil temperature 
protection. 

8.173 Sub-Station Bus Bar Protection 

All Users shall provide adequate bus zone protection for substation bus bars in all 220 KV 
substations to 400kV substations. 

&18 Tele-protection Requirements 

8.18.1 	Introduction 

Tele protection is used in the ZETDC network as pail of the overall protection schemes associated 
with High Voltage networks in order to achieve fast and selective fault clearances independent 
of the fault location and system conditions. 

Tele-protection relays are positioned between the station protection relays and the Power Line 
Carrier Equipment to receive and send inter tripping signals between substations. 

8.18.2 Characteristics of Tele-protection 

Important crileriaforprotection sig  nallingcquipment are security. dependability and transmission 
time. 

8.18.3 Tele-protection Schemes 

8.18.3.1 	Direct 'l'ransfer Trip (lilT) 
Transfer tripping shall be applied on all substations and transmission lines with 
Distance Protection schemes at both ends and for busbar protection scheme. IYF 
shall be set to operate for Distance Protection zone 1 operation. Receipt of the signal 
at the remote end initiates the tripping immediately at this end. 

8.18.3.2 Permissive Under Reach Transfer Trip (PUTT) 

pun shall be set to operate for under reaching Zone 1 elements of the Distance 
Protection Relay operation% trip the associated breakerand send an intertrip signal to 

4 
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the remote end. Receipt of the carrier signal and the operation of the zone 2 elements 
causes an instantaneous trip of the breaker at this end. The scheme shall afford fast 
fault clearance for faults occurring at the ends of the line. 

8.1833 Permissive over reach Transfer Trip (POTfl 

P011' shall be set to operate for the over-reaching zone 2 elements of the Distance 
Protection, trip the scvriated breaker and send an inter trip signal via the telc-
protection relay to the remote end. Receipt of the carrier signal and the operation 
of the over-reaching Zone 2 elements at this end causes an instantaneous trip of the 
breakerat this end. The scheme shall afford fastclearance of faults in the zone 2 part 
of the protected lines. 

8.18.3.4 Blocking Schemes 

Blocking schemes shall be applied where the Distance Protection Relay zone 3 
Reverse looking elements are usedto block instantaneous trippingofthe remote relay 
for Zone 2 faults external to the protected line section. In this scheme, signalling is 
only initiated only for external faults and signalling transmission takes place over 
healthy line section. Fast fault clearance occurs when the signal is received and the 
over-reaching zone 2 elements looking into the line operate. 

	

8.19 	Over voltage Protection 

Over voltages in the system are caused by lightning surges, switching surges and sudden load 
throw off. Over voltage surges cause possible failure of insulation on transformers, motors and 
other related electrical equipment. 

They also cause possible flashovers on highly stressed points external or internal to equipment. 

	

8.20 	Protection against I .ightning Over voltages 

This shall be achieved through the following; 

8.20.1 	Rod Gaps 

These shall be applied across insulator string or bushing insulators. The gap shall 
be set to allow the breakdown of the insulation medium at voltages above 1409' 
of nominal as specified in the ZEFDC's Parameter Guidelines for Protection Test 
Document Number P1'OR 020 JZ (JO. 

8.20.2 	Horn Gaps 

These shall be applied above overhead lines or substations to provide effective 
protection against direct strike online conductors, towers and substation equipment. 
All sub transmission and transmission overhead lines shall be provided with Horn 
Gaps. horn (laps shall be set to provide effective protection against direct strikes 
on line conductors, towers and substation equipment as specified by Z&I' DC. 

8.20.3 	Lightning Masks 
These shall be applied above buildings to protect them against direct lightning 
strikes. All substation buildings shall be provided with lightning masks for protection 
against direct lightning strikes. The lightning masks shall be designed as specified 
by ZETDC. 

8.20.4 	Surge Arrestors 
These shall be applied on lines terminating at the substations and on the transformer 
terminals so that they divert over voltages to earth without causing short circuits. 
The surge arrestors shall be as specified by ZEFDC. 

	

8.21 	Protection Against Switching Surges at the Grid Connecting Point 

• Where it is recommended through studies, shunt reactors and or pre-closing resistors on 
circuit breakers shall be installed to protect against switching surges. 

• All distribution circuits at the Connection Point shall he equipped with surge suppressors 
and arrestors to limit over voltages. 

	

8.22 	Protection of Reactive Power compensating Equipment 
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8.22.1 	Protection of Reactors 

All reactors shall be protected at the minimum, by Over Current and Earth Fault 
Protection, Differential Protection. Restricted Earth Fault Protection, (las operated 
and temperature relays. 

8.22.2 	Protection of Capacitors 

All Capacitors shall be protected by a minimumofOverCunent and EarthEault Relays 
8.22.3 	Protection of Static Var Compensators 

All Static VarCompensators shall be protected byOverCummt and Earth Fault Relays. 
8.22.4 	Under frequency Load Shedding 

ZEFIX shall employ an automatic Load Shedding scheme when frequency falls to 
48.8 HZ and below. The Load Shedding scheme shall be in stages as follows: 

o Stage I is set at 4&8 Hertz and disconnects a total of 20"c of the demand 
o Stage 2 is set at 4&5 Hertz and disconnects a total of 10% of the demand 
o Stage 3 is set at48.2 Hertz and disconnects a total of 10% of the demand 
o Stage 4 is set at 47.5 Hertz and disconnects most of the remaining loads leaving 

essential services. 

8.23 	Safety Protection Requirements 

8.23.1 	Fire Protection 
All electrical energised equipment is capable of causing fire if proper usage and 
handling procedures are not adhered to. 
All ZEFDC substations and Grid Connection Points should be equipped with 
appropriate electrical fire extinguishers located at strategic points at each substation. 
These shall he tested on annual basis. 
Firefighting system shall where appropriate be automatic and in all instances be 
adequate. The system shall be a combination of lire alarm system and transformer 
water spray system. The system shall be tested annually. 
All the Power Transformers in a substation deemed critical by ZEI1)C shall be 
equipped with water spray system (mulsilire protection). 
The transformers in the switchyard shall be provided with bather walls. The walls 
shall be covered with refractory bricks. The wall shall prevent the spreading of lire 
from one transformer to another. 
Fireguards should be created and maintainedaround the perimeterofevery substation 
and connection point. 
All fuels capable of causing lire such as petrol and diesel should be stored at sites 
away from electrical plant in every substation and Grid Connection Point. 
Adequate precautions shall be taken and protection shall be provided against lire 
hazards to all indoor equipment. 

8.23.2 	Personnel Protection 
All personnel that have tocarry out any works at the Grid ConncctionPointorZETDC 
Substation shall abide by the ZESA Safety Rules and any other Safety requirements 
that shall be put in place by ZETDC from time to time. As a protection measure to 
personnel against electrical hazards the following shall be observed at all times. 

8.23.3 	Visitors 
All visitors toflicoridConnectionPbthtorZETDCsubstation shall obtain the relevant 
authority to enter and sign the Visitor's Live Enclosure Permit before entering. 

8.23.4 	Equipment Switching 
All switching in the GridConnection Point OrZEFJxsubstatiofl shall becarriedout by a 
zrrDc SeniorAuthorised Person under the recorded Instruction of a ?.ErDCcontrollet 

8.235 	Carrying out Works at the Grid Connection Point 
All works at the Grid Connection Point or any part of the ZETDC Network shall  be 
carried out underany of the following ZEiSA Safety Documents orany document that 
shall be  specified by ZETDC from time to time, depending on the nature of works 
being carried out. 
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• Limitation of Access Document 
• Permit to Work Document 
• Live Line Permit to Work Document 
• Sanction for Test Document 

824 	Earthing Requirements For Substations 

8.24.1 	Earthing Systems 

All substations Earthing Systems should have Earth Resistance lower than 0.5 ohms 
for effective discharge of lightning or over voltages to earth. 
The current carrying paths of an Earthing System should have enough capacity to 
deal with maximum fault current. 
Farthing Mat shalt be provided below ground level and earth electrodes shall be 
driven into ground at several points and shall be connected to the Earthing Mat to 
form an Faithing Mesh. 

All structures. transformer tanks, breakers, equipment panels shall be connected to 
this mat by galvanised steel strips. 

8.24.2 	Periodic Checks on Farthing Systems 

Buried elements of the earthing system should be checked for condition at random 
points as and when necessary but not exceeding a period of five (5) years. 
Cistuitcontinuity should be checked between earthingdcvices and earthed elements. 
Open circuits and high resistance connections should he investigated and rectified 
when regular maintenance is being carried out. 

Farthing resistance should be measured and if more than 0.5 ohms, it should be 
reduced by the addition of any of the following; 

• Sodium Chloride (Common Salt) 
• Calcium Chloride 
• Sodium Carbonate 

• Copper Sulphate 
• Charcoal 
• Soft Coke 

8.25 	Test and Commissioning Procedures 

Test andcommissioning Procedures shall be carriedout inaccordance withthe ZErDcstandards 
as specified in the following documents: 

Test and Commissioning Procedures Standard 
Guidelines for 1\,tr Systems Protection and Control PROF 001 ROD 
Iransfonner Protection Mafl]Kd Maintenance ThVCCduTt PROF 002 ROO 
Transfonncr Protection Manned Maintenance lnstnttiotn PROF 0(13 R00 
Transformer Protection Planned Maintenance Records PROF 004 It® 
Feeder Protection Planned Maintenance Procedure PR01 005 It® 
Feeder Protection Planned Maintenance Instructions PROF 006 R00 
Feeder Protection Planned Maintenance Records PROF 007 R® 
Transformer Protection Commissioning Procedure PROF 008 It® 
Transformer Protection Commissionin Instructiotts PROT 009 RO0 

Transformer Protection Commissioning Records PROF 010 IWO 
Feeder Protection Comsnissionin Procedure PROF 011 R0O 

Feeder Protection Commissioning Instructions PROT0I2ROO 

Feeder Protection Commissioning Records PROF 013 R0O 

Generator Protection Manned Maintenance Procedure PROF 014 R0O 

Generator Protection Planned Maintenance Instructions PROF 015 R00 

Generator Protection Planned Maintenance Records PRCIF0I6ROO 

Generator Protection Commissioning Procedure PROF (aiR® 

Generator Protection Commissioning Instructions PROF 018R00 

Generator Protection Commissioning Records PROF 019R(X) 

Parameter Guidelines for Protection Tests PROF 020 ItOO 

Table 8.25: Test and ennonisslaning pn3durrs 
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826 	Data Requirements: 

Grid Users shall provide ZEI'DC with all data concerning Protection in their system that is 
connected to the Grid. 

SECTION 9— INFORMATION EXCHANGE CODE 

9.1 Introduction 

The Information Exchange Code defines the reciprocal obligations of parties with regard to the provision 
of information for the implementation of the Grid Code. 

The information requirements are necessary to ensure non-discriminatory access to the Transmission 
System and the safe, reliable provision of transmission services. 

The information requirements are divided into planning information, operational information and post-
dispatch information. 

Information criteria specified in the Information Exchange Code are supplementary to the other codes 
within the Grid Code. 

9.2 Information exchange interface 

The parties shall identify the following for each type of information exchange: 

• The name, designation and contact details of the person(s) designated by the information owner to 
be responsible for provision of the information. 

• The names, contact details of, and the parties represented by persons requesting the information. 

• The purpose for which the information is required. 

9.3 Confidentiality of information 

I nforrnation exchamzedbetween parties governed hythis code shall he confidential. Confidential information 
shall not be transferred to a third party without the written consent of the information owner. Parties 
shall observe the proprietary rights of third parties for the purposes of this code. Access to confidential 
information within the organisations of parties shall be provided as reasonably required. Parties receiving 
information shall use the information only for the purpose for which it was supplied. 

The information owner may request the receiver of information to enter into a confidentiality agreement 
before information, established to be confidential, is provided- A pro forma agreement is included in 
Appendix IL 

The parties shall take all reasonable measures to control unauthorized access to confidential information 
and to ensure secure information exchange. Parties shall report any leak of information that is governed by 
a confidentiality agreement as soon as practicable after the)' become aware of the leak, and shall provide 
the information owner with all reasonable assistance to ensure its recovery or destruction (as deemed 
appropriate by the information owner). 

9.4 Telephone/Fax 

The Grid User and ZETDC shall be responsible for the provision and maintenance of no less than one 
telephone and one fax unit that shall be reserved for operational purposes only, and shall be continuously 
attended to and answered without undue delay. 

ZEIDC shall use a voice recorder for historical recording of all operational voice communication with 
Grid Users. These records shall be available for at least one (I) year. ZEI'DC shall make the voice records 
of an identified incident in dispute available within a reasonable time after such a request from the Grid 
User and'or ZERA. 

9.5 Electronic Mail 

Electronic communication, wherever used shall always be supported by signed hard copies. The data 
should be in the same format as specified for hard copy transmission. 

The exchangcofawliiveddatashall prefemblybccarriedOutOnacomPuertoCofflerotm1eatioh1 

link. 
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9.6 System planning information 

• Grid Users shall provide such information as and when requested by ZETDC for the purposes of 
planning and developing theTransmissionSyscem.The parties shall submit the information toZETDC 
without undue delay. Such information may be required so that ZETDC can plan and develop the 
Transmission System, monitor current and future power system adequacy and performance. and 
fulfill its statutory or regulatory obligations. 

• Grid Users shall submit toZElDC and to all relevant service providers the relevant information listed 
in Appendix I or as specified by ZI3TDC from time to time. 

• ZEI'DC may request additional information as and when required. 

• ZrsrDCshall keepan updated technical database of the System for purposes of modeling and studying 
the behavior of the Transmission System. 

• ZETDC shall provide Grid Users or potential Grid Users, upon any reasonable request, with any 
relevant information that they require to properly plan and design their own networks' installations 
or comply with their other obligations in terms of the Grid Code 

• ZETDC shall make available all the relevant information related to network planning as described 
in the Grid Connection Code. Section 2 of this Grid Code 

• Customers shall, upon request to upgrade anexistingeonnection orwhen applying fora new connection 
provide ZETDC with information relating to the following: 

Table 9.6 System Planning Requirements for Customers 

Commissioning Projected or target commissioning test date 
Operating Target operational or on-line date 
Reliability of connection requested Numberof connecting circuits, e.g. one or two feeders, 

or firm/non-firm supply required. 
Location map. Upgrades: name of existing point of supply to be 

upgraded and supply voltage. New connections: provide 
a 1:50 000 or other agreed scale location map, with the 
location of the facility clearly marked. In addition, co-
ordinates of the point of connection to he specified 

Site plan Provide a plan of the site (1:200 or 1:500) of the 
proposed facility, with the proposed point of supply, and 
where applicable, the transmission line route from the 
facility boundary to the point of supply, clearly marked 

Electrical single-line diagram Provide an electrical single-line diagram of the Grid 
User's intake substation and to provide an accurate 
record of the layout of circuits, numbering and 
nomenclature of equipment and plant. 

• ZETDC may estimate any System planning information not provided by the Grid user. ZETDC shall 
take all reasonable steps to reach agreement with the Grid User on estimated data items. ZEFDC 
shall indicate to the (hid User any data items that have been estimated-The obligation to ensure the 
correctness of data remains with the Grid User. 

• Generators shall submit to ZEFlX all the maintenance planning information detailed in Section 5 
of this Grid Code with regard to each unit at each power station. 

9.7 Operational information 

	

9.7.1 	Pre-commissioning studies 

Customers shall meet all system planning information requirements before the commissioning test 
date. ([his wili include confirming any estimated values assumed for planning purposes or, where 
practical. replacing them with validated actual values and with updated estimates for the future.) 

	

9.7.2 	Commissioning and notification 

Records of commissioning shall be maintained for reference by the asset owner for the 
operational life of the plant and shall be made available, within a reasonable time, to 
ZFTDC upon notification of such request. 

(a) 
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(b) The asset owner shall communicate changes made during an outage to commissioned 
equipment, to ZEI'DC before the equipment is returned to service. Zfl'DC shall keep 
commissioning records of operational data for the operational life of the plant connected 
to the Transmission System. 

(c) Participants shall give ZEIDC notice, as defined in the Operations Code, of the time at 
which the commissioning tests will be carried out. 

9.7.3 	General information acquisition requirements 

9.7.3.1 	Supervisory Control and Data Acquisition (SCADA) 
The information exchange shall support data from the SCADA system. The System 
Operator shall be able to monitor the state of the power system using the data from 
the remote terminal units (MM). 
The SCADA system shall be used for storage, display and processing of operational 
real time data. All Grid Users and Generating Units shall make available outputs of 
their respective operational equipment to the data acquisition system or as specified 
in the connection agreement. 
The data collection, storage, monitoring and display centre IorZETDC SCADA data 
shall be The National Control Centre. 

9.7.3.2 	Generation Operational SCADA data 

The Generator Unit shall provide operational information for both real time and 
recording purposes in relation to each Generating Unit at each Power Station in 
respect of indications and measurands as follows: 
(i) Mwhr 

(ii) Voltage 
(iii) Frequency 
(iv) \1V 

(v) MVAr 
and any other additional data as specified in the connection agreement. 

9.7.33 	Transmission System Operational SCADA data 

ZETOC and thegrid usershall specifythedatacharactetisticsformonitoringelectrical 
supply and load characteristic at each sub-station and connection point. The data shall 
be used for real time and recording purposes in relation to each feeder, transformer 
and compensation device in respect of indications and measurands as follows: 
(i) Voltage 

(ii) Frequency 

(iii) MW 
(iv) MVAr 

(v) Current 
and any other additional data as specified in the connection agreement. 

9.7.3.4 	Process signals interface to ICFU 
The interface of the process signals to RTUs shall be as specified by ZEI'DC. 
The Interface cabinets shall be installed in the Grid users plant and equipment 
room if required- The provision and maintenance of the wiring and signalling 
from the Grid Users plant and equipment to the interface cable to MDE shall 
be the responsibility of the Grid User. 
Measurements and indications to be supplied by Grid Users to ZETDC shall 
include the formats as specified by ZE1'DC. Where required signals become 
unavailable or do not comply with applicable standards for reasons within the 
control of the provider of the information, such participant shall report and 
restore or correct the signals andi'or indications as soon as reasonable. 
ZET DC shall notify the (hid User, where ZErDC, acting reasonably and in 
consultation with the Grid User, determines that additional measurements and 
or indications in relation to a Grid User plant and equipment are needed to 
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meet a Transmission System requirement. The costs related to the participant's 
modifications for the additional measurements anciIor indications shall be for 
the account of the providing Grid User. 

• Onreceiptof such notification fmmzErDC theGrid lisershall promptlyensure 
that such measurements and/or indications are made available at the RI'!.'. 

• 7ETI)C and the Grid User shall agree on the timeous provision of operational 
data items as per the relevant Power Purchase Agreement and/or Power Supply 
Agreement. 

• Grid L:sshal1jothilyveuryallmeasuntsand'orthtionsforntionajjty 
and accuracy once every three (3) years, so as to achieve overall accuracy of 
operational measurements within the limits agreed. 

• The data formats to be used and the fields of information to be supplied to 
ZFTDC by the Grid Users shall be as per the Power Purchase Agreements. 

• ZEl'DC shall provide periodic feedback to Grid Users regarding the status of 
equipment and systems installed in the substations where they arc connected 
to the Transmission System. The feedback shall include results from tests. 
condition monitoring, inspections, audits, failure trends and calibration. The 
frequency of the feedback shall be determined in the operating agreement, but 
will not exceed one \C&. 

• Plant status reports provided byGrid Users will also include contingency plans 
where applicable. 

9.8 Unit Scheduling 

	

9.8.1 	Declared Available Capacity 

(ieneratozsshallcomplete and submit to 7JTFDCthe DeclaredAvailablecapacity foreach generating 
unit at a period specified by ZEUlX under the Power Purchase Agreement. All scheduled and 
other outages and deratings which prevent some or all of the Dependable Capacity of each unit 
from being available for dispatch shall be specified. Should the Declared Available Capacity be 
less than the Dependable Capacity for any generating unit due to a reason other than Scheduled 
Outage, the Generator shall explain the reason for the reduction, the action planned to restore the 
unit to the Dependable Capacity level, and the estimated time required for such restoration. 

	

9.8.2 	Statement of Reduction and Re-establishment in Declared Available Capacity 

9.8.2.1 	Should the Generator become aware of a change in status of any generating units 
following the submission of the Declared Available Capacity it shall make this status 
change known imniediatelytozlrDC by telephone, followed by writtenconfirmation 
to be received by '/.ETDC within one hour. The Generator shall confirm the reduction 
in Declared Available Capacity. the reason for the reduction, the action planned to 
restore the Declared Available Capacity to the Dependable Capacity level, and the 
estimated time required for such restoration. 

9.8.2.2 	Once the Declared Available Capacity can be increased over the levels stated under 
8.5.1 this change in status shall immediately be relayed to ZElX by telephone 
communication, followed by written continuation to be received by ZKI'DC within 
one hour. ZETDC may then dispatch the affected generating unit at the Declared 
Available Capacity level. 

9.9 Scheduled Capacity Requirement 

	

9.9.1 	=IX 'will notify any Generator of its Scheduled Capacity requirements for the plant for each 
hour of the day as per Power Purchase Agreement.TheGenerator will confirm acceptance and 
dispatch the plant to the Capacity Schedule specified in the Power Purchase Agreement. 

	

9.9.2 	Should ZI-if DC require changing the Scheduled Capacity level of the plant at any time, it shall 
notify theGenerator of all changes through telephone communication, followed by sending a 
revised schedule to be received by theGenerator within one hour. The generatorwill dispatch 
the plant to the revised Scheduled Capacity requirements as notified by the initial telephone 

communication. 
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9.10 Demand Scheduling 

It is not possible to schedule demand in the same way as power generation as electricity cannot be stored. 
However ZETDC reserves the right to load shed should circumstances beyond its control ariseto ensure 
system integrity. ZETDC shall as soon as possible give notice of any imminent load shedding that might 
arise due to plant outages due to maintenance. However for forced outages such notices might not be 
possible. Distributors and Directly Connected Users ssill provide information on anticipated maximum 
demand as required in the PSAs. 

9.11 Data storage and archiving 

9.11 .1 The obligation for data storage and archiving shall lie with the information owner. 

9.11.2 The systems that store the data and/or information to be used by the parties shall be of their own 
choice and for their own cost. 

9.113 All the systems must be able to be audited by the ZERA. 

9.114 The systems must provide for clear and accessible audit trails on all relevant operational 
transactions. All requests that require an audit on a system shall be undertaken with reasonable 
notice to the parties. 

9.11.5 The information owner shall keep all hard copy and/or paper-based information for a period of 
at least five (5) years (unless otherwise specified in the Grid Code) commencing from the date 
the information was created. 

9.11.6 Parties shall ensure reasonable security against unauthorized access, use and loss of information 
(i.e. have a backup strategy) for the systems that contain the information. 

9.11.7 Parties shall store planning information that is kept electronically for at least five (5) years or 
for the life of the plant or equipment concerned, whichever is the longer. 

9.11.8 ZETL)C shall archive operational information, in ahistorical repository sized for three (3) years' 
data. This data includes transmission time-tagged status information, change of state alarms. 
and event messages. hourly scheduling and energy accounting information and operator entered 
data and actions. 

9.11.9 An audit trail of all changes made to archived data should be maintained. This audit trail shall 
identify every change made, and the time and date of the change. The audit trail shall include 
both before and after values of all content and structure changes. 

9.12 File Transfers 

The format of the files used for data transfer shall be negotiated and defined by the supplier and receiver 
of the information. The file transfer media shall be negotiated and defined by both parties involved. The 
parties shall keepthe agreed numberof files forbackup purposes soas toenable the recoveryof information 
in the case of communication failures. 

9.13 Performance data 

9.13.1 Generator performance data 
9.13.1.1 Generators shall provide ZEFDC monthly with performance indicators in relation to 

each unit at each power station in respect of availability and reliability as determined 
from time to time by ZETDC. 

9.13.1.2 Generators shall report significant events, such as catastrophic failures, to the ZERA 
within one (I) week ol'occurrencc of such event. 

913.2 ZETDC and End-Use Customer Performance 
9.13.2.1 The performance measurementofall Distributors and Directly Connected Usersshall 

be supplied to the ZEI'DC in accordance with the operating agreement requirements. 

9.13.2.2 Distributors shall submit on anannual basis the Maximum Denitndofeachdistribution 
substation to facilitate long term network development by ZETDC. 

9.13.2.3 Distributors shall submit on annual basis any known load exceeding 3MVA to be 
connected to the distribution system and the substation where such loads are likely 
to be connected. 
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9.13.2.4 Distributors shall report periodic testing of under-frequency load shedding relays in 
the following format: 

Fable 9.13.2.4: Testing of Under-Frequency Load Shedding Relays 

Date: 
Substation: 
Fed from transmission substation (directly or indirectly): 

9 Activating frequency Timer setting 
10 Required As tested Required As tested 
Stage 1 

Stage  11 12 13 14 
Stage  15 16 17 18 
Stage  19 2.0 21 22 
23 Feeders selected (required) Feeders selected (as wed) 

Stage  24 25 

Stage  26 27 

Stage  28 29 
Stage  30 31 

9.132 Performance 

ZEI'I)CshaIl make the followingTninsmission System performance indicatorsavailable monthly 
to the ZERA: 

Table 9.13.3 ZETDC l'erfonnance Indicators to be submitted to LERA 

Indicator 
Performance this 
month 

Performance yCar to 
date 

Current 
international 
performance 
where applicable 

Actual Targeted Actual Targeted 
Local generation by plant 
Imports by source 
Energy purchased from IPPs and 
embedded generators by source 
Inadvertent energy 
flpofls 
Capacity arising from demand side 
management 
Power wheeled 
Energy at Bulk Supply Point 
Energy Sold to ZETDC 
System maximum demand 

load failure _,~ystem 
Transmission losses (separate) 
System minutes 
Transmission system minutes 
Number of supply interruptions 
.\verage duration of intcrruptionsjminutes) 
Number of frequency excursions outside 
statutory limits 
Number of voltage excursions outside 
statutory limits 
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Indicator 
Performance this 
month 

Performance year to 	 
date 

Current 
international 
PIE formance 
where applicable 

% of transmission line faults resulting in 
supply interruptions 
% of sub-transmission faults resulting in 
supply interruptions 
% 	of 	transmission./sub-transmission 
transformerresulting in supply interruption 
Number of supply interruption by cause 
(human error, lightening, bush fires, other) 
% of tnnsmission!sub-transmission 
substation operated at full capacity 

of lines operated at thermal rating 
Unsaved energy attributed ZEJ'DC 
Average defects duration 
Planned maintenance done (%) 
Number of supply interruption due to 
protection malfunction 
Availability of protection system (%) 
Number of power control s 'stem failures 
lkMtr system communication availability 
(%) 
Sales Revenue. Employee 
(hvhiemployee 
Number of employees per category 
(managerial, technical etc) 
Number of non-fatal accidents 
Number of fatal accidents 
Number of environmental complaints 
Number of customer complaints 
Itemized Revenue and Expenditure as per 
fonnat provided by /i-iRA 
Average processing time for application 
Average time for system studies 
Average Connection time after system 
studies and payment of Connection Fees 
Number of customers awaiting 
connection due to transmission and sub 
transmission constraints 
Avenge waiting time bycustomeis awaiting 
connection due to Lb I DC constraints 
Avenge time for responding to written 
correspondence by customers 
Network length by voltage level 
Number of transformers by voltage level 
and capacity 
Avenge transformer life 
Avenge line life 
Annual system chronological data 
Any other statistics or indicators that would 
be specified by ZERA from tint to time 
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Al'l'HNI)ICI-S 

APPEDLt I 

PL&NNLNC} DATA REQUJRF.MENTS 

General 

(1) Synchronous machine data 

(ii) Exciter data and models 

(iii) Governor data and models 

(iv) Power System stabilizer data (if installed)  

(v) Step-up transformer data (positive and zero sequence) 

(vi) Line impedance at the Connection Point (positive and zero sequence) 

(vii) System configuration (one-line diagram) 

(viii) Short circuit data 

(ix) Site load data 

(x) Point of delivery of excess generation 

(xi) Power factor limitations of the units 

(xii) Detailed location map 

Unless otherwise indicated, the following information shall be supplied toZETDC priorto connection 
and then updated as and when changes occur. 

(a) Demand and network data 

Connection capacity Connection capacity required (NI VA) 

Measured and forecast 
data (annually) 

For each point of supply, the infonnation required is as iollons: 
A 10-year demand forecast 
A description setting out the basis for the forecast 
The season of peak demand 

User network dila Electrical single-line diagram of user network to a level of detail to be 
agreed with ZETDC. including the electrical characteristics of circuits and 
equipment (R, X, B. RO. XO, 130, continuous and probabilistic ratings) 
Contribution from customer network to a three-phase short-circuit at point 
of connection 
Information pertaining to the network connecting shunt capacitors, harmonic 
filters, reactors. SVC's. etc., to the point of supply for the purposes of 
conducting harmonic resonance studies. 
Electrical characteristics of all circuits and equipment at a voltage lower 
than secondary voltage levels of the customer connected to the Transmission 
System that may form a closed tie between two Connection Points on the 
Grid 

Standby supply data 
(annually) 

Source of standby supply (alternative supply point(s)) 
Standby capacity required (MW) 

General information For each new connection from a distributor or end-use customer, the 
following information is required: 
Number and type of switchbays required 
Load build-up curve (in the case of new end-user plant) 
Supply date (start of load build-up) 
Temporary construction supply requirements 
Load type (e.g. are furnaces, rectifiers, rolling mills, residential, commercial. 
etc.) 
Annual load factor 
Power factor (including details of harmonic filters and power factor 
correction capacitors) 
Special requirements (e.g. quality of supply) 
Other information reasonably required by the service providers to provide 
the customer with an appropriate supply (e.g. pollution emissionlevels for 
insulation design) 

93 



Electricity (Grid Code) Regulations, 2017 

  

Disturbing loads Description of any load on the power system that could adversely affect 
=- DC target conditions for power quality and the variation in the power 
quality that can be expected at the point connected to the Transmission 
System. (The areas of concern here am, firstly, motors with starting currents 
referred back to the nominal voltage at the point of supply exceeding 5% 
of the fault level at the point of supply; and secondly, am furnaces likely to 
produce flicker levels at the point of supply in excess of the limits specified 
in Section 3. The size limit for arc furnaces is subject to local conditions in 
respect of fault levels at the point of supply and background flicker produced 
by other ace furnaces and other equipment that will produce harmonics and1 
or negative and zero sequence current components. such as large AC/DC 
rectification installations.) 

(b) Transmission System connected transformer data 

Symbol Units 
Number of windings 
Vector group 
Rated current of each winding A 
Transformer rating MVA 
Transformer tertiary rating MVA 
Transformer nominal LV voltage kV 
Transformer nominal tertiary voltage fl' 
Transformer nominal liv voltage IS 
Tapped winding HV 'MVtLV.'None 

(Delete what is not 
applicable) 

Transformer ratio at all transformer taps 
Transformer impedance (resistance R and reactance X) at all taps R+jX % on rating MVATrans 
For three-winding transformers, wiiem there axe external cornt'ciions 
to all three windings, the impedance (resistance R and maclance X) 
bctweeneachpairofsinclingsis required. ntasured with the thiniset 
of terminals open-circuit 

ZHVMV. 
ZIIVLV. & 
ZMVLV 

% on rating MVATrans 
% on rating MVATrans 
% on rating MVATrans 

Transformer zero sequence impedances at nominal tap 
Zero phase sequence impedance measured between the IN 
terminals (shorted) and the neutral terminal, with the LV 
terminals open-circuit 

Ohm 

Zero phase sequence impedance measured between the liv 
terminals (shorted) and the neutral terminal, with the LV 
terminals short-circuited to the neutral 

Ohm 

Zero phase sequence impedance measured between the LV 
terminals (shorted) and the neutral terminal, with the liv 
terminals open-circuit 

Ohm 

Zero phase sequence impedance measured between the LV 
terminals (shorted) and the neutral terminal, with the liv 
terminals short-circuited to the neutral 

Ohm 

Zero phase sequence leakage impedance measured between the 
liv terminals (shorted) and the LV terminals (shorted), with the 
Delta winding closed 

ZLO Ohm 

Earthing arrangement, including LV neutral earthing resistance and 
reactance core construction (number of limbs, shell or core type) 
Open-circuit characteristic Graph 

Transformer test certificates. from which actual technical detail can be extrac ed as required, are to 

supplied on reasonable request. 

(c) 	Shunt capacitor or reactor data requirements 
Foreach shunt capacitororreactor orpower factorcorrection equipment or harmonic filters connected 
to or capable of being connected to a customer network, the customer shall inform ZETI)C and. if 
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required. shall provide ZEfDC with the specific shunt capacitor or reactor data as well as network 
details neccssaiy to perform primarily harmonic resonance studies.The customer shall informZETDC 
of his or her intention to extend or modify this eqtiipmenL 

Any party to this Code investigating a complaint about harmonic distortion shall have the right to 
request such additional information (including, but not restricted to, data from harmonic distortion 
measuring devices) from parties in the vicinity of the source of the complaint as may reasonably be 
required to complete the investigation. 

Shunt capacitor or reactor rating Rating (MVAr) 
Reactor/capacitor/harmonic filter (delete what is not applicable) 
Location (station name) 32 
Voltage rating KV 
Resistance!reactanceisusccptancc of all 
components of the capacitor or reactor bank 

33 

Fixed or switched 34 
If switched Control details (manual, time, load, voltage. etc.) 
If automatic control Details of settings. If under FACTS device control 

(e.g. SVC). which device? 

(d) 	Series capacitor or reactor data requirements 

Series capacitors are installed in long transmission lines to increase load transfer capability. Series 
reactors are installed to limit fault levels, or to balance load sharing between circuits operated in 
parallel that woüldotl,cnvise not share load equitably, or to balance load sharing on an interconnected 
network. 

Reactor/capacitor (Delete what is not applicable) 
Location (specify substation bay where applicable) 
Voltage rating KV 
Impedance rating Ohm or MVAr 
Current 	rating 	(continuous 	and 	emergency, 
maximum times for emergency ratings) 

Continuous: A 

Hours A 
Hours A 
Hours A 

Note: if a series capacitor or reactor is located in a dedicated reactor or capacitor station (i.e. a 
substation built to hold only the series reactor or capacitor), the lines or cables linking it to each 
remote end substation must be specified as separate circuits under line or cable data. 

Induction Motor data 

Motorstatingstudiesarcdoneaspartof grid impact studiescarried out beibTe aconnectionormodification 
on a connection point. All motors rated SOOk\V or more must therefore be specified as follows. 

Parameter Units 

Rated Voltage V/kV 

Rated Power kV 

Rated Current Amp 

Rated Speed 
Rated power factor 
Starting Current Amp 

Starting Torque 
Starting power factor 
Peak Torque 
Inertia 
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Generator planning data 
Unlessotberwise indicated, the followinginformationshall be providedtoZErDCpriortoconnection 
and then updated as and when changes occur. 

(a) 	Power station data 

Generator name 
Power station name 
Number of units 
Primary fuel typef prime mover For example, gas, hydro, fossil or nuclear 
Secondary fuel type For example, oil 
Capacity requirement Generation sent-out connection capacity required (MW) 
-Restart after station blackout" 
capacity 

Provide a document containing the following- ollowinr
capacity 	 Start-up time for the first unit (time from restart initiation to 

synchronise) and each of the following units assuming that 
restarting of units will be staggered 

Black starting capacity A document stating the number of units that can be black 
started at the same time, preparation time for the first unit 
black starting, restarting time for the first unit, and restarting 
time for the rest of the units 

Partial load rejection capability A description of the amount of load the unit can automatically 
govern back, without any restrictions, as a function of the 
load at the point of governing initiation 

Multiple unit tripping (MUT) 
Risks 

A document outlining all systems common to more than one 
unit that is likely to cause a MUT; discuss the measures taken 
to reduce the risk of ?uIJT 

(I,) Unit data 

Unit number 
Capacity Unit capacity (MW) 

Units 
Maximum continuous generation capacity: MW 
Maximum continuous sent out capacity MW 
Unit auxiliary active load MW 
Unit auxiliary reactive load MVAr 
Maximum (ELi) generating capacity MW 
Maximum (Eli) sent out capacity MW 
Minimum continuous generating capacity MW 
Minimum continuous sent out capacity MW 

Generator rating MVA 

Maximum lagging power factor - 
Maximum leading power factor - 
Governor droop 
lorbiddcn loading zones MW 

Terminal voltage adjustment range KY 

Short-circuit ratio 
Rated stator current Amp 

Time to synchronise from warm Hour 

lime to synchronise from cold Hour 

Minimum up-tint  Hour 

Minimum down-time  Four 

Loading rate  MW/min 

Deloading rate MV/min 

C an  the  generator start on each fuel?  
Ability to change fuels on-load 
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Available modes ([can burn etc.) 
Time to change mocks on-load 
Control range for secondary frequency regulation 
operation 

MW 

Partial load rejection capability °k MW name plate rating 
Minimum time unit operates in island mode Hour 
Maximum time unit operates in island mode Hour 

Description Data 
Capability chart showing full range of operating 
capability of the generator, including thermal and 
excitation limits 

Diagram 

Systems that are common and can cause a multiple 
unit trip 

Description 

Open-circuit magnetisation curves Graph 
Short-circuit characteristic Graph 
Zero power factor curve Graph 
V curves Diagram 

Documents Descristion 
Protection setting 
document 

A document agreed and signed by ZErIX: containing the following: 
—A section defining the base values and per unit values to be uw't 
—A single line diagram showing all the protection functions and sources 

of current and voltage signals - Protection tripping diagram(s) showing all the protection functions 
and associated tripping logic and tripping functions 

-A detailed description of settings relevant to the Transmission System 
connection. 

—A section containing a summary of all protection settings. 
-A section containing a summary for each of the protection relay 

programming details 
—An annex containing OEM information sheets or documents describing 

how the protection relays function 
-Information to Grid Users on protection schemes, fault levels and 

settings on the Grid circuits at the connection points 
—Information to generators and Grid Users on Standards pertaining to 

commissioning and maintenance procedures as per the stated Standard 
Documents on Section 7 of this Grid Code - Information to be furnished to ZEI'DC by Grid users pertaining to relevant 
protection schemes, fault levels and settings at the Connection Points. 

-Information to be furnished by ZETDC relevant to the generators 
protection schemes, fault levels and settings on the generators' 
equipment at the Connection Point. 

Excitation setting 
document 

A document agreed and signed by ZETDC containing the following: - A section defining the base values and per unit values to be used 
-A single line diagram showing all the excitation system functions and 

all the related protection tripping functions 
-An excitation system transfer function block diagram in accordance 

with WEE or IEC standard models 
—A detailed description of setting calculation for each of the excitation 

system functions, discussion on function stability calculations, and 
detailed dial settings on the excitation system in order to achieve the 
required setting 

—A section containing a summary of all settings on a per unit basis 
—A section containing a summary for each of the excitation system dial 

settings! programming details. 
—An annex containing plant information data (e.g. OEM data) on which 

the settings are based - An annex containing OEM information sheets or documents describing 
the performance of the overall excitation system and each excitation 
function for which a setting is derived   
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Governor setting 
document 

  

A document agreed and signed by ZETDC containing the following: 
—A section defining the base values and per unit values to be used 
—A single line diagram showing all the governor system functions and 

all the related protection tripping functions 
—A governor system transfer function block diagram in accordance with 

IEEE standard models 
A detailed description of setting calculation for each of the governor 
system functions, discussion on function stability calculations, and 
detailed dial settings on the governor system in order to achieve the 
required setting 

—A section containing a summary of all settings on a per unit basis 
—A section containing a summary for each of the governor system dial 

settings/programming details 
—An annex containing plant information data on which the settings are 

based 
—An annex containing information sheets or documents describing 

the performance of the overall governor system and each governor 
function for which a setting is derived 

   

   

   

    

    

(c) Reserve capability 
Thegeneratorshall provide ZETDC with the reserve capability of each unit ateach power station. The 
reserve capability shall be indicated as per each reserve category: instantaneous reserve, regulating 
reserve, emergency reserve, ten (10) minute reserve and supplemental reserve. 

(d) Unit parameters 

ISymbol Units 
Direct axis synchronous reactance Xd on rating 
Direct axis transient reactance 
saturated 

Xsatd' on rating 

Direct axis transient reactance 
unsaturated 

Xunsatd' % on rating 

Sub-transient reactance unsaturated Xqd"= on rating 
Quad axis synchronous reactance Xq on rating 
Quad axis transient reactance 
unsaturated 

Xunsatq' on rating 

Negative phase sequence 
synchronous reactance 

X2 % on rating 

Zero phase sequence reactance XqO on rating 
Turbine generator inertia constant 
for entire rotating mass 

11 MW s/MVA 

Stator resistance Ra rating 
Staler leakage reactance XL on rating 

Poiter reactance XP % on rating 
Generator time constants: 
Direct axis open-circuit transient 
Direct axis open-circuit Sub-transient 

Td& 
Tdo' 

see 
see 

Quad axis open-circuit transient 
Quad axis open-circuit sub-transient 
Direct axis short-circuit transient 
Direct axis short-circuit sub-transient 
Quad axis short-circuit transient 

Tqo' 
'I'd' 
Id" 
Td" 
Td" 

sec 
sec 
sec 
sec 
sec 

Quad axis short-circuit sub-transient 'l'qo' 
Speed damping D 
Saturation ratio at I pu terminal 
voltage 

5(1.0) 

Saturation ratio at 12 pu terminal 
voltage 

S( 12) 
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(e) Excitation system 

The generator shall fill in the following parameters or supply a Laplace domain control block diagram 
in accordance with IEEE or IEC standard excitation models (or as otherwise agreed with ZETDC) 
completely specifying all time constants and gains to fully explain the transfer function from the 
compensator or unit terminal voltage and field current to unit field voltage. Customers shall perform, 
or cause to be performed, small signal dynamic studies to ensure that the proposed excitation system 
and turbine governor do not cause dynamic instability. The criteria for such dynamic instability shall 
be supplied by ZETDC. Where applicable. a P55 (power system stabiliser) shall be included in the 
excitation system to ensure proper tuning of the excitation system for stability purposes. 

Symbol Units 
Excitation system type (AC or DC) Text 
Excitation feeding arrangement (solid or shunt) Text 
Excitation system filter time constant Tr Sec 
Excitation system lead time constant Tc Sec 
Excitation system lag time constant Th Sec 
Excitation system controller gain Ka 
Excitation system controller lag time constant Ta Sec 
Excitation system maximum controller output Vmax P.U. 
Excitation system minimum controller output Vmin P.U. 
Excitation system regulation factor Kc 
Excitation system rate feedback gain Kf 
Eacitation system rate feedback time constant Tf Sec 

(f) Speed governor system. turbine and boiler models 

The generator shall supply a Laplace domain control block diagram in accordance with IEEE 
standard prime mover models for thermal and hydra units (or as otherwise agreed with ZETDC). 
fully specifying all time constants and gains to fully explain the transfer function for the governor. 
turbine, penstocks and control systems in relation to frequency deviations and set-point operation. 

(—g) Control devices and protection relays 

The generator should supply any additional Laplace domain control diagrams fix any outstanding 
control devices (including power system stabilisers) or special protection relays in the unit that 
automatically impinge on itsopeiatingcharacteristicswithin3Osecondsfollowingasystemdisturbance 
and that have a minimum time constant of at least 0.02 seconds. 

(Ii) I. nit step-up transformer 

I Symbol Units 

Number of windings 
Vector group 
Rated current of each winding Amps 

Transformer rating 	 I MVATrans 

Transformer nominal LV voltage XV 

Transformer nominal I-TV voltane KV 

Tapped winding 
Transformer ratio at all transformer taps 
Transformer impedance at all taps 
(for three winding transformers the l-IVILV 1. HVILV2 
and 1Y1 LV2 impedances together with associated bases 
shall be provided) 

% on rating MVA-
Trans 

Transformer zero sequence impedance at nominal tap ZO Ohm 

Earthing arrangement, including neutral earthing resis-
tance and reactance 
Core construction (number of limbs, shell or core type)  
Open-circuit characteristic Graph 
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(i) 	Unit forecast data 
The generator shall provide ZETDC with expected maintenance requirements, in weeks per annum, 
for each unit at a power station. 

U) 

 

Mothballing of generating plant: 
Mothballing of generating plant is the with import/export of plant from commercial service for six 
months or longer, with the intention of returning it to commercial service at a later date. Mothballing 
can have a profound impact on the operation and integrity of the Transmission System. Customer-.,-
wishing 

ustomcm
wishing to mothball generating plant shall supply ZE1DC with the following information: 

Generator time 
Power station name 
Unit number 
Date withdrawn Date unit is to be withdrawn from commercial service 
Return to commercial service Envisaged return to set-vice date (recommissioning tests 

completed and unit available for commercial service) 
Auxiliary power requirements 

(k) 	Return to service of mothballed generating plant: 
Once the customer has decided to return mothballcd generating plant to service, =DC requires 
the information specified for new connections. 

(m) Decommissioning of generating plant: 
Decommissioning of plant is the permanent with impoiliexport from service of generating plant. 
ZETOC requires the following with a one-year notice period: 

Generator name 
Power station name 
Unit number 
Date to be removed from commercial 
service 
Auxiliary supplies required for 
dismantling and demolition 

kVA, point at which supply is require, duration 

(n) Long Term Demand and Supply Balance 

Generator Name 
Power Station 
Production Cost Fixed production costs 

Variable production cost- 
Stan-Up costs 
Capital Costs 
Fuel costs 

Plant maintenance data Days and period of the year 
Fuel consumption data 
Heat rates 
Heat values 
Environmental emission data 
Plant limitations and constraints 
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(o) Operations Data 

Generator reactive power capability Generators to furnish ZETDC of the reactive capability of 
their machines as installed and as available fordispatch each 
time they declare available capacity for energy dispatch. 

Load following capability Generators to declare their load following capability and 
inform ZETDC of any variations in that capability 

Reactive power compensation 
equipment 

Grid users to furnish ZETDC information on installed 
reactive compensation equipment; its rating, controllability 
and availability 

Power requirements (Thcl users to furnish ZETDC of their power ivquirvnients 
including expected reactive power support at lewt a day tad or 
any other such period as may be agreed between itt two parties 
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ArIr2v.NDIx II 

SAMPLE CONFIDENTIALITY AGREEMEfl FOR INFORMATION TRANSFER TO THIRD PARI'IES 

CONFIDENTIALITY AGREEMENT 
I3EI1VEEN 

(HEREINAFTER REFERRED TO.kS THE INPORMAF ION OWNER) 
AND 

OM- REINA!- I ER REFERRED TO AS THE RECIPIENT) 
IN RESPECT OF INFORMATION SUPPLIEDI'O PERFORM THE R)lJ.OWING \'.ORK: 

(IIEREINAFI'ER REFERRED TO AS THE WORK) 
ON BEHALF OF 

(ILEREINAFrER REFERRED TO AS THE Cl .IENT). 

1. The Recipient agrees to treat all information (hereinafter referred to as the Information) received from 
the Information Owner, whether in hard copy or electronic format, as strictly confidential. 

2. The Recipient agrees to disclose the Information only to persons who are in his permanent employ, and 
who require access to the Information to perform theirdutics in respect of the WWI on behalf of the Client. 

3. Persons other than those described in Clause 2 above, including but not restricted to temporary employees, 
subcontractors,and sub-consuhants,shallenterintoseparate CoufidentialityAgmements with the Information 
Owner prior to receiving the Information. 

4. The Recipient undertakes to use the Information only to perform the Work on behalf of the Client, and 
for no other purpose whatsoever. 

5. On completion of the Work, the Recipient shall at his expense return to the Information Owner all hard 
copy material and electronic media containing the Information supplied to him by the Information Owner. 
The Recipient shall furthermore ensure that all duplicate copies of the Information in his or his employees' 
possession (electronic as well as hard copy format) are destroyed. 

6. The Recipient shall take all reasonable measures to protect the security and integrity of the Information. 

7. If requested to do so by the Information Owner, the Recipient shall forthwith at his expense return to 
the Information Owner all hard copy material and computer disks containing the Information supplied 
to him by the Information Owner. The Recipient shall furthermore ensure that all duplicate copies of the 
Information in his or his employees' possession (electronic as well as hard copy format) are destroyed. 

18. The Recipient shall report any leak of the Information, howsoever caused, lo the Information Owner as soon as 
practicable after he/she becomes a%suv of the leak, and shall provide the Information Owner with all reasonable 
assistance to ensure its recovery or destruction (as deemed appropriate by the Information Owner). 

Signed at 	 on this the 	 day of 	  
by (full name) 

................................in his/her capacity as .................................................on 
behalf of 	 the 

Information Owner 	  

Signed at 	  
by (full name) 

on this the 	day of 

 

 

in his'her capacity as 	 on behalf 

	the Recipient 	  Of 
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APPE's'DIX III 

DEFINITION'S 

Amended Connection: Agreement An agreement between a User and ZETDC (or the Distributor), which 
specifies the terms and conditions pertaining to the renovation or modification of the UserSystem or Equipment 
at an existing connection Point in the Grid (or the Distribution System). 

Active Power The time avenge of the instantaneous power over one period of the electrical wave, measured 
in Watts (W) or multiples thereof. For AC circuits or systems, it is the product of the root-mean-square (RMS) 
or effective value of the voltage and RMS value of the in-phase component of the current. In a three-phase 
system, it is the sum of active power of the individual phases and is calculated as the square root of the square 
of Apparent Power less the square of the Reactive Power. 

Ancillary Service Support services such as Frequency Regulating and Contingency Reserves, Reactive Power 
support, and Black Start capability which are necessary to support the transmission capacity and Energy that 
are essential in maintaining Power Quality and the Reliability and Security of the Grid. 

Apparatus: All equipment in which electrical conductors are used supported or of which they may form part. 

Apparent Power The product of the root-mean-square (RMS) or effective value of the current and the root-
mean-square value of the voltage. For AC circuits or systems, it is calculated as the square root of the sum of 
the squares of the Active Power and Reactive Power, measured in volt-ampere (VA) or multiples thereof. 

Automatic Generation Control (AUC): The regulation of the power output of Generating Units within a 
prescribed area in response to a change in system Frequency. tie-line loading, or the relation of these to each 
other, so as to maintain the System Frequency or the established interchange with other areas within the 
predetermined limits or both. 

Automatic Load Shedding: The process of automatically and deliberately removing pre-sclectcd Loads from a 
power System in response to an abnormal condition in order to maintain the integrity of the System. 
Automatic Re-closing: A process used to interrupt power in the event of a fault or short circuit, and then 
re-instate or "re-close" the power after a fixed interval of time, with the objective of maintaining continuity 
of service to the greatest possible extent, without damaging equipment or creating unsafe conditions in the 
system. 

Automatic Voltage RegulatororAvR: tcontinuously acting automatic excitation system to conliolthe voltage 
of a generating unit as measured at the generator terminals. 
Availability: The long-term average fraction of time that a Component or System is in service and satisfactorily 
performing its intended function. Also, the steady-state probability that a Component or System is in service. 

BalancedTlnte-Phase Voltages: Three sinusoidal voltages with equal frequency and magnitude and displaced 
from each other in phase by an angle of 120 degrees. 
Black Stan: The process of recovery from Total System Blackout acing a Generating Unit with the capability 
to start and synchronize with the System without an external power supply. 

Botswana Power Corporation (BPQ: The electrical power utility for Botswana. 

Bulk Supply Point: A step down substation from 330/420kV to sub transmission and !or distribution voltage 
levels, usually 132kV and 88kv. 
Capability and Availability Declaration: Refers to the data submitted by the Generator for its Scheduled 
Generating Unit, which is used by ZETDC in preparing the thy-ahead Generation Schedule. It includes 
declaration of capability and availability, Generation Scheduling and Dispatch Parameters 

Circuit Breaker. A mechanical switching device, which is capable of making. carrying, and breaking current 
under normal circuit conditions and also capable of making, carrying for a specified time, and breaking current 
under specified abnormal circuit conditions, such as a shod circuit. 
Competent Person: A person over eighteen (IS) years. who has sufficient technical knowledge and expertise to 
safely can)' out specific tasks on the transmission grid. 
Completion Date: The date, specified in the Connection Agreement or Amended Connection Agreement. when 
the User Development is scheduled to be completed and be ready for connection to the Grid. 
Component: A piece of Equipment. a line or circuit, a section of line or circuit, or a group of items, which is 
viewed as a unit for a specific purpose. 
Connected Project Planning Data: The data, which replaces the estimated values that were assumed for 
planning purposes. with validated actual values 
Connection Acreement: An agreement between a User and ZETDC (or the Distributor), which specifies the 
terms and conditions pertaining to the connection of the User System or Equipment to a new Connection Point 
in the Grid (or the Distribution System). 
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Connection Conditions: The technical conditions to be complied with by any user having a connection to the 
Transmission System. 

Connection Point: The point of connection of the User System or Equipment to the Grid (forUsers of the Grid) 
or to the Distribution System (for Users of the Distribution System). 

Connection Point Drawings: The drawings prepared for each Connection Point, which indicate the equipment 
layout, common protection and control, and auxiliaries at the Connection Point. 

Constrained Generation Schedule: The Generation Schedule prepared by ZETDC after considering operational 
constraints, including the Grid constraints, changes in Generating Unit Declared Data and parameters, and 
changes in forecasted data. 

Contingency Planning: A Planning Criteria that a system should meet under faulty conditions 

Contingency Reserve Generating Capacity that is intended to take care of the loss of the largest Synchronized 
Generating Unit or the power import from a single Grid interconnection, whichever is larger. Contingency 
Reserve includes Spinning Reserve and Back-up Reserve. 

Control Centre: A facility used for monitoring and controlling the operation of the Grid, Distribution System, 
or a User System. 

Controller. A senior authorised person appointed in writing by ZETDC. to control power in the transmission and 
sub-transmission grid, and whose duties are to maintain safety at all times 10 personnel, plant and equipment. 
Customer Any person/entity supplied with an electrical energy service undera contract with a Service Provider. 

Demand: The Active Power and'or Reactive Power at a given instant or averaged over a specified interval of 
time, that is actually delivered or is expected to be delivered by an electrical Equipment or supply System. It 
is expressed in Watts (W) andtor VA Rs and multiples thereof. 

Demand Control: The reduction in Demand for the control of the Frequency when the Grid is in an Emergency 
State. This includes Automatic Load Shedding. Manual Load Shedding, demand reduction upon instruction by 
ZETDC, demand disconnection initiated by Users and Voluntary Load Curtailment. 

Demand Forecast: The projected Demand and Active Energy related to a Connection Point in the Grid. 

Derogation of the Grid: A condition resulting from a User Development or a Grid expansion project that has 
a Material Effect on the Grid or the System of other Users and which can be verified through Grid Impact 
Studies. 

Detailed Planning Data Additional data, which the Grid Owner requires, for the conduct of a more accurate 
Grid planning study 

Disconnection: The opening of an electrical circuit to isolate an electrical System or Equipment from a power 
source. 

Dispatch: The process of issuing direct instructions to the electric power industry participants by the ZETDC 
to achieve an economic operation while maintaining Power Quality, Stability, and the Reliability and Security 
of the Grid. 
Dispatch Instruction: An instruction by ZETDC Controller to generators to dispatch generation and to ZEDC 
to regulate with import/export in accordance with the Scheduling & Dispatch procedure. 

Dispatch: The process of apportioning the total Demand of the Grid through the issuance of Dispatch 
Instructions to the Scheduled Generating Units and the Generating Units providing Ancillary Services in order 
to achieve the operational requirements of balancing Demand with generation that will ensure the Security of 
the Grid. 
Dispatch Instruction: Refers to the instruction issued by ZETDC to the Generators with Scheduled Generating 
Units and the Generators whose Generating Units will provide Ancillary Services to implement the final 
Generation Schedule in real time. 
Distribution Code: The set of rules, requirements. procedures, and standards governing ZE'FDC and Users of 
Distribution System in the operation, maintenance and development of the Distribution System- It also defines 
and establishes the relationship of the Distribution System with the facilities or installations of the parties 
connected thereto. 
Distribution of Electricity: The conveyance of electric power by a Distribution Utility through its Distribution 
System. 
Distribution System The svstemof electric lines arid electrical equipment at voltage levelsof 132kV, 88kV. 33kv. 
11kV and 0.4kV used to distribute electricity from the transmission grid to end users. The distribution system in 
Zimbabwe is currently divided into five regions i.e. Eastern. Harare. Northern. Southern and Western regions. 
Dynamic Instability: A condition that occurs when small undamped oscillations begin without any apparent 
cause because the Grid is operating too close to an unstable condition. 
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Earth Fault Factor The ratio of the highest RMS phase-to-ground power frequency voltage on a sound phase. 
at a selected location, during a fault to ground affecting one or more phases, to the RMS phase-to-ground 
power Frequency voltage that would be obtained at the selected location with the fault removed. 
Electrical Diagram: A schematic representation, using standard electrical symbols, which shows the connection 
of Equipment or power System Components to each other or to external circuits. 

Electricity Act: A gazetted act of parliament detailing the power sector setup and obligations. 

Electricity Supply System: The combination of the transmission System, distribution system and power stations. 

Embedded Generating Plant A Generating Plant that is connected to a Distribution System or the System of 
any User and has no direct connection to the Grid. 

Embedded Generating Unit: A Generating unit within an Embedded Generating Plant. 

Embedded Generator A person or entity that generates electricity using an Embedded Generating Plant. 
End-User A person or entity that requires the supply and delivery of electricity for its own use and not for resale. 

Energy Broker is at times confused to be thought of as the em its that supplies the energy. However an Energy 
Broker is typically a middle-man assisting clients in procuring electricity rates from energy wholesalers! 
suppliers. An Energy Broker is an individual or party (brokerage firm) that arranges transactions between a 
inner and a seller for a commission when the deal is executed. 

Equipment: All apparatus, machines, conductors. etc. used as part of, or in connection with, an electrical 
installation. 

Equipment: Earthing This is the connecting to earth of the non-current carrying metal pails. These include 
the motor body. switchgear structure, transformer core and tank, sheaths of cables and body of all portable 
equipment. 

Equipment Identification: The System of numbering or nomenclature for the identification of Equipment at the 
Connection Points in the (hid. 

Event: An unscheduled or unplanned occurrence of an abrupt change or disturbance in a power System due to 
fault. Equipment Outage, or Adverse Weather Condition. 

Fault Clearance Time: The time interval from fault inception until the end of the art extinction by the Circuit 
Breaker. 

Fault Level: The expected current, expressed in kA that will flow into a short circuit at a specified point in the 
Grid or System. 

Fixed Asset Boundary Document: A document containing information and which defines the operational 
responsibilities for the Equipment at the Connection Point. 

Flicker. A small change in line voltage, which causes a perceptible change in the intensity of electric lights. In 
some situations people can detect sags as low as a third of a volt. 

Forced Outage: An Outage that results from emergency conditions directly associated with a Component. 
requiring that it be taken out of service immcdiately, either automatically or as soon as switching operations 
can be performed. Also, an Outage caused by human error or the improper operation of Equipment. 

Frequency The number of complete cycles of a sinusoidal current or voltage per unit time, usually measured 
in cycles per second or Hertz 

Frequency Control: A strategy used by ZEfDC to maintain the Frequency of the Grid within the limits 
prescribed by the (kid Code by the timely use of Frequency Regulating Reserve. Contingency Reserve, and 
Demand Control. 
Frequency Regulating Reserve: Refers to a Generating Unit that assists in Frequency Control by providing 
automatic Primary and!or Secondary Frequency response. 
Frequency Variation: The deviation of the fundamental System Frequency from its nominal value. 
Generating Plant: A facility, consisting of one or more Generating Units, where electric Energy is produced 
from some other form of Energy by means of a suitable apparatus. 
Generating Unit: A conversion apparatus including auxiliaries and associated Equipment, functioning as a 
single unit, which is used to produce electric energy from some other form of energy. 
Generation Company: Any person or entity authorized by VERA to operate a facility used in the generation of 

electricity. 
Generation of Electricity: The production of electricity by a Generation Company. 
Generation Schedule: Refers to the schedule that indicates the hourly output of the Scheduled Generating 
Units and the list of Generating Units 
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Generation Scheduling and Dispatch Parameters: Refers to the technical data pertaining to the Scheduled 
Generating Units, which are taken into account in the preparation of the Generation Schedule. Generator. 

Grid: The high voltage backbone System of interconnected transmission lines, substations, and related facilities 
for the purpose of conveyance of bulk power. also known as the transmission system. 

Grid Code: The set of rules, requirements, procedures, and standards to ensure the safe, reliable, secured 
and efficient operation, maintenance, and development of the high voltage backbone National lransnnssian 
System and its related facilities and used by ZERA to check performance of participants in the Grid. 

Grid Contingencies: Abnormal operating conditions brought about by tripping of generating units, transmission 
lines, transformers or abrupt load changes or by a combination of the above leading to abnormal voltage and 
or frequency excursions and or overloading of network equipment 

Grid Disturbance: Grid Disturbance is the situation where disintegration and collapse of grid either in part or 
full take place in an unplanned and abrupt manner, affecting the power supply in a large area of the region. 

Grid Impact Studies: A set of technical studies which are used to assess the possible effects of a proposed 
expansion, reinforcement. or modification of the Grid or a User Development and to evaluate Significant 
Incidents. 

Grid Owner The party that owns the high voltage backbone Transmission System and is responsible for 
maintaining adequate Grid capacity in accordance with the provisions of the Grid Code. 
Grid User Any person and/or entity connected directly to the ZE'FDC Grid, who shall comply with the 
provision of this Grid Code 

Grounding: A conducting connection by which an electrical circuit or Equipment is connected to earth or to 
some conducting body of relatively large extent that serves as ground. 

Harmonics: Sinusoidal voltages and currents having frequencies that are integral multiples of the fundamental 
frequency 

High Voltage (HV): Any voltage level exceeding 0.65kv. 

IlIC Standard: The international standard for electrical equipment approved and published by the International 
Electro technical Commission (MC). 

Independent Power Producer (IPP): Independent Power Producer hems a power station within the ZEF DC 
control area, owned by a generator who is not part of ZPC. 

Interconnections: Electric lines and electrical equipment used for the transmission of electricity between the 
Zimbabwe Transmission System and the Transmission System of another country. 

Interconnected Transmission System: The combination of I IV electric lines and electrical equipment directly 
linked with ZI3DC Transmission System and owned or operated by ZPC. ZEJ DC, ESKOM, EDM. ZESCO 
and I3PC. 

Interruption: The loss of service to a Customer or a group of Customers or other facilities 

Interruption Duration: The period from the initiation of an Interruption up to the time when electric service is 
restored. 

Island Grid A Generating Plant or a group of Generating Plants and its associated load, which is isolated from 
the rest of the Grid but is capable of generating and maintaining a stable supply of electricity to the Customers 
within the isolated area. 

Isolation: The electrical separation of a part or Component from the rest of the electrical System to ensure 
safety when that part or Component is to he maintained or when electric service is not required. 

Limitation of Access: Safety documentation to facilitate work in generation, switching or substation plant, 
defining limits of the area within which work is to be performed. 

Live Line Permit to Work (LLPW): A safety document to facilitate work on live lines 

Load Crash: Sudden or rapid reduction of electrical load connected to a system that could be caused due to 
tripping of major transmission line(s), feeder(s), power transformer(s) or natural causes like rain etc. 
Load Factor (1.1): The ratio of the total Energy delivered during a given period to the product of the maximum 
Demand and the number of hours during the same period. 
Load Reduction: The condition in which a Scheduled Generating Unit has reduced or is not delivering electrical 
power to the System to which it is synchronii.ed. 
l.ocal Safety Instructions: A set of instructions regarding the Safety Precautions on HV or I-lW Equipment to 
ensure the safety of personnel carrying out work or testing on the Grid or the User System. 
Loss of Load Probability (LOl.P): The expected number of days in a specified period in which the daily peak 
Demand will exceed the available generating capacity.  
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Main Distribution Frame (MDF): An interface panel for process signals 

Manual Load Shedding: The process of manually and deliberately removing pm-selected Loads from a power 
System, in response to an abnormal condition, and in order to maintain the integrity of the System. 

Maximum Continuous Rating (MCR): The normal rated full load MW output capacity of a generating unit, 
which can be sustained on a continuous basis wider specified conditions. 
National Control Centre (NCC): The ZEIDC's control room for 24 hour real time power System monitoring 
and control for the purpose of managing the operation of the power System and co-ordination of generation 
and consumption. 

Negative Sequence Unbalance Factor. The ratio of the magnitude of the negative sequence component of the 
voltages to the magnitude of the positive sequence component of the voltages, expressed in percent. 

Outage: The state of a Component when it is not available to perform its intended function due to some 
event directly associated with that Component. An Outage may or may not cause an Interruption of service to 
Customers. 

Outage Duration: The period from the initiation of the Outage until the affected Component or its replacement 
becomes available to perform its intended function. 

Over Voltage: A long duration RMS voltage variation at least 10% greater than the nominal voltage fora period 
of time greater than one minute. 

Peak Period: That period in a day when electrical demand is at its highest. 

Permit to Work (l'FW): Safety documentation issued to facilitate work on dead (de-energised) and isolated 
equipment. 

Planned Outage: An outage of power station equipment or transmission facility that has been planned and 
agreed on in advance. 
Point of Isolation: The point on the Grid or the User System at which Isolation can be established for safety 
purposes. 
Power Factor The ratio of Active Power to Apparent Power. 

Power Line Carrier (PlC): A communication Equipment used for transmitting data signals through the use of 
power transmission lines. 

Power Purchase Agreement (PPA): The commercial agreement between a Generator and ZETDC in which. 
subject to certain conditions. ZETDC agrees to purchase the electrical output of the generating unit and the 
generator agrees to provide services from this Unit. 
Power Quality: Determines the fitness of electrical power to consumer devices. It is the quality of the voltage 
rather power or electric current since power is simply the flow of energy and the current demanded by a load 
is largely uncontrolled. 

Power Station: An installation of one or more generating units owned and.or operated by the same generation 
company. 

Power Supply Agreement: The commercial agreement between the ZETDC and other Grid Users for the 
supply of electric power. 

Power Swing: Variation in power. which occurs, when the voltages of generators at different points of a power 
system slip relative to each other. 

Power System: Plant and equipment on the generation, transmission and distribution networks. 

PowerTel: Subsidiary Company of ZESA Holdings (Pvt) lid responsible for Telecommunication Services 

Preliminary Project Planning Data: The data relating to a proposed User development at the time the User 
applies for a Connection Agreement or an Amended Connection Agreement. 

Project Planning Data: The data pertaining to a User Development once the oiler for a Connection Agreement 
or an Amended Connection Agreement is accepted. 
Reactive Power. The component of electrical power representing the alternating exchange of stored Energy 
(inductive or capacitive) between sources and loads in AC circuits or systems and is measured in VAror 
multiples thereof. For AC circuits or systems, it is the product of the R\tS value of the voltage and the 
RMS value of the quadrature component of the alternating current. In a three-phase system. it is the sum of 
the Reactive Power of the individual phases and is calculated by taking the square toot or the square of the 
Apparent Power less the square of the Real Power. 

Reliability: The probability that a System or Component will perform a required task or mission for a specified 
time in a specified environment. It is the ability of a power System to continuously provide service to its 

Customers. 
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Remote Terminal Unit (RTU): Tele-control equipment installed at a remote location to gather process 
information and controls the process as directed by the central system. 

Resistance Earthing: This is the connection of the neutral point to earth through a resistor. 

Resonant Earthing: This is the connection to earth through a reactance of such a value that power frequency 
current in the neutral to ground connection is almost equal and opposite to power frequency capacitance 
current between un faulted line and earth. 
Root Mean Square (RMS Voltage or RMS Current) —The AC value that produces the same heating effect in a 
resistor, as would a DC value of the same magnitude. 

Safety Precautions: Refers to the Isolation and Grounding of MV or EHV Equipment when work or testing is 
to be done on the Grid or User System. 

Safety Rules: The rules that seek to safeguard personnel working on the Grid (or User System) from the 
hazards arising from the Equipment or the Grid (or User System). 

Sanction for Test Safety documentation to facilitate testing of the high voltage plant and equipment 

Security: The continuous operation of a power System in the Normal State, ensuring safe and adequate supply 
of power to End-Users, even when some parts or Components of the System are on Outage. 

Senior Authorised Person (SAP): A competent person appointed in writing by ZEFDC to carry out work and 
all forms of switching on the ZEDC Grid in accordance with his certificate of authorisation. 

Short-term Ricker Severity Index (Pst): A measure of visual severity of flicker derived from a time series 
output of a flicker meter over a ten-minute period 

Shut Down: The condition of a Generating Unit where it is at rest or on barring gear isolated from grid or 
transmission facility, which is at rest or isolated from Grid. 

Single Outage Contingency: An Event caused by the failure of one Component of the Grid including a 
Generating Unit, transmission line, or  transformer. 

Site: Refers to a substation or switchyard in the Grid or the User System where the Connection Point is situated. 

Spinning Reserve: Unused generating capacity, which is synchronised to the System and is ready to 
instantaneously provide increased generation at short notice in response to Frequency drop. 

Southern Africa Power Pool (SAPP): A regional power network in Southern Africa created with the primary 
aim of providing reliable and economical electricity supply to the consumers of each of the SAPP members, 
consistent with the reasonable utilisation of natural resources and the effect on the environment through 
regional interconnection and harmonisation of operational procedures. 

Substation Control System (SCS): The combination of transducers, communication links and data processing 
systems which provides information to the substation on the operational state of the substation equipment. 
Supervisory Control and Data Acquisition (SCADA): The combination of transducers. RFU, communication 
links and data processing systems which provides information to the NCC and or SCS on the operational state 
of the power system. 
Supplier Any person or entity authorized by the ZERA to sell, broker, market, or aggregate electricity to the 
End-users. 

Synchronised: The state when connected Generating Units and.'or interconnected AC Systems operate at the 
same frequency and where the l)C  angle displacements betsscen their voltages van about a stable operating 
point. 
Synchronised: The condition where an incoming generating unit or System is connected to another System so 
that the voltage, frequencies and phase relationships of that generating unit or System, as the case may be, and 
the System to which it is connected are identical. 

System Average Interruption Duration Index (SAID!):  The avenge forced sustained interruption duration per 
customer served per year (measured in minutes) 
System Avenge Interruption Frequency Index (SAW!): The avenge number of forced sustained interruptions 
experienced per customer served per year (measured in outages). 
System Earthing: This is the intentional connection of a neutral point to ground so that is the neutral point is 
earthed, the phase to ground voltages tinder Earth Fault conditions do not rise to high value. 

System I o's:  The total Energy injected into the Grid minus the total Energy delivered to Distributors and 
Consumers. In the Grid Code, it is the Energy injected into the Grid by Generating Plants, plus (or minus) 
the Energy transported through Grid interconnections minus the total Energy delivered to Distributors and 
End-Users. In the Distribution Code, it is the Energy received from the Grid plus internally generated Energy 
by Embedded Generating Plants, plus (or minus) the Energy transported by other Distributors minus the total 
Energy delivered to End-Users. 
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System: Test The set of tests, which involve simulating conditions or the controlled application of unusual or 
extreme conditions that may have an impact on the Grid or the User System. 

System Test Coordinator A person who is appointed as the chairman of the System Test Group. 

System Test Group: A group established for the purpose of coordinating the System Test to be carried out on 
the Grid or the User System. 

SystemTcst Procedure: Apmcedure that specifies the switching sequence and proposed timing of the switching 
sequence. including other activities deemed necessary and appropriate by the System Test Group in carrying 
out the System Test. 

System i'est Proponent: Refers to the User who plans to undertake a System Test and who submits a System 
'Test Request to ZFiTDC. 

System Test Program: A program prepared by the System Test Group. which contains the plan for carrying out 
the System'l'est. the System Test Procedure. including the manner in '.vhichthe System Testis to be monitored, 
the allocation of costs among the affected parties, and other matters that the System Test Group had deemed 
appropriate and necessary. 

SystemTest Report: A report prepared by the 'rest Proponent at the conclusion of a SystemTcst forsubmiccion 
to ZEfI)C (if it is not the System Test Proponent), the affected Users, and the members of the System Test 
Group. 

System Test Request: A notice submitted by the System 'lest Proponent to ZEFDC indicating the purpose. 
nature, and procedures for carrying out the proposed System Test. 
Target Clearance Time The time between relay pick up time and the time the fault is cleared 
Technical Loss: The component of System Loss that is inherent in the physical delivery of electrical energy. It 
includes conductor loss. transformer core loss, and technical errors in meters. 

Tele-protection: The use of telecommunication channels tooperate protection relays through command signals, 
so as to enable the relays to selectively isolate faults within the shortest possible time and independent of fault 
location and system conditions, 

Teleprotection Dependability: The ability to issue a valid command at the receiving end in the presence of 
interference and or noise when such command has been transmitted. 

Teleprotection Security: The ability to prevent interference and or noise from generating a trip command at the 
receiving end when such a command has not been transmitted. 

Teleprotection Transmission Time: The time elaped between the moment of change of state at the transmitter 
command input and the moment of change of state at the receiver command output. 

Test and Commissioning: Putting into service a System or Equipment that has passed all required tests to show 
that the System or Equipment was erected and connected in the proper manner and can be expected to work 
satisfactorily. 

Third Patty Access is a policy that requires owners of natural monopoly infrastructure, which cannot be 
economically duplicated like the NTS facilities to grant access to those facilities to anyone wishing to use 
those facilities, on commercial terms comparable to those that would apply in a competitive market. 
Third Party Access Right in the liSi context is the idea that in certain circumstances economically independent 
undertakings operating in the energy sector should have a legally enforceable right to access and use various 
energy network facilities owned by other companies. 
Total Demand Distortion (MD): The ratio of the root-mean-square value of the harmonic content to the root-
mean-square value of the rated or maximum demand fundamental quantity, expressed in percent. 

Total Harmonic Distortion (l'-ID): The ratio of the root-mean-square value of the harmonic content to the root-
mean-square value of the fundamental quantity, expressed in percent. 

Total SN stem Blackout: The condition when all generation in the Grid has ceased, the entire System has 
Shutdo a. and the ZETDC must implement a Black Start to restore the Grid to its Normal State. 
Transformer An electrical device or Equipment that converts voltage and current from one level to another. 

Transient: A very brief excursion from nominal voltage with durations of a microsecond (millionths of a 
second) to several hundred microseconds. Transients are classified as impulsive or oscillatory.  

Transient Instability: A condition that occurs when undamped oscillations between parts of the Grid result 
in Grid separation. Such Grid disturbances may occur after a fault and the loss of Generating Onus andior 
transmission lines. 
Transient Voltages High-frequency Overvoltages caused by lightning. switching of capacitor banks or cables, 
current chopping. arcing ground faults. ferroresonance. and other related phenomena. 
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Trough Period: That period in a day when electrical demand is at its lowest. 

Unconstrained(ieneration Schedule: The Generation Schedule without considering any operational constraints 
such as the (hid constraints, changes in Generating Unit Declared Data and parameters, and changes in 
forecasted data. 
tinderfrequency Relay (UFR): An electrical relay that operates when the System Frequency decreases to a 
preset value. 

Under Voltage: A long duration RMS voltage variation at least 10% below the normal (nominal) voltage for a 
period of time greater than one minute. 

Voltage Sag—A decrease of tO to 90% in the RMS voltage at the power frequency for durations of one-half 
cycle to I minute 

Voltage Swell- An increase in the RMS value of voltage of more than 10% at the power frequency. fordurations 
from one-half cycle to I minute. 

User A person or entity that uses the Grid System and related facilities and to whom the Grid Code applies. 
User System: Refers to a System owned or operated by a User of the Grid or Distribution System. 

Visitor's live Line Enclosure Permit (VLEP): A safety document signed by visitors acknowledging the dangers 
of entering a live line enclosure and indemnifying ZETDC against injury, whilst they are in the live enclosure. 

Voltage: The electromotive force or electric potential difference between tsto points, which causes the flow of 
electric current in an electric circuit. 

Voltage Control: The strategy used by ZUrDC. Distributors, or User to maintain the voltage of the Grid. 
Distribution System, or the User System within the limits prescribed by the Grid Code or the Distribution 
Code. 

Voltage Fluctuation: The systematic and random voltage amplitude variations where the RMS values of 
voltage is between 90 and I0O 

Voltage Instability: A condition that results in Grid voltages that is below the level where voltage control 
Equipment can return them to the normal level. In many cases, the problem is compounded by excessive 
Reactive Power loss. 

Voltage Variation: The deviation of the root-mean-square (R?sIS) value of the voltage from its nominal value, 
expressed in percent. 

Wheeling Charge: Refers to the tariff paid for the conveyance of electric Power and Energy through the Grid. 
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APPENDIX IV 

GRID CODE REVISIONS 

Revision No. Date By Detail of the Revision Reason for amendment 
00 May 2006 ZERC Inception ofcode 
01 July 2013 Grid Code 

Review Panel 
• j-  irstrcvjewofccyjeto 

reflect change from ZERC 
toZERA 

• Code to reflect change 
from ZETCO to ZETDC. 

• Change to a table of 
contents without sub-titles 

• Pre-amble changed to 
capture all players in the 
system 

• ZETDC responsibilities 
revised 

• Objectives of the Grid code 
have been revised 

• Contents of the grid code 
section removed 

• Definitions section 
removed and shifted to 
appendix 

• Section 1.4 changed to 
accommodate a member 
from SAI'P 

• Section 1.11 now has a 
time line of 14 days for 
dispute issues not covered 
by the Grid Code. 

• Section 1.13 System 
Derogations section added 

• Section 2.1.2 Addition 
of New and existing 
generators to the Scope 
of Grid Connection 
Requirements 

• Change in Section 2.2 
Grid technical, design and 
operational criteria. 

• Addition of Clock Stan 
Date section. 

• Addition of Type of 
Customer section 

• Addition of Components 
of 7X.TJX quotation 
section 

• Addition of Commercial 
and Charging issues 
section 

• Addition of Ownership 
Boundaries 

• Addition of Interactivity 
section 

• Section 2.3.2; Addition of 
Generation requirements 

• Addition of Section 2.4.6 
Power System Stabilisers 

• Section 14.9: Modification 
of Fast Start (response) 
capability 
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• Section 2.5; Title changed 
to Demand Connection 
standards. 

• Addition of Section 2.4.13 
Frequency response 

• Addition of table 3.3.1 
Frequency limits 

• Addition of Performance 
monitoring section. 

• Addition of Section 5 
Scheduling and Despatch 

• Addition of Appendix III - Definitions 
• Addition of Voltage Step 

change standards to 
sections (3333,43.6 and 
6.10) 

• Removal of project 
appraisal framework 
axk' 

In line with the Energy Regulation Act (chap 13:23) of 2011. In line with Amendment ... of the Electricity Act 
(chap 13:19) of 2002 
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