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1 [bookmark: _Toc210140057][bookmark: _Toc219881686]Introduction

This document details the requirements for all works relating to supply and installation of solar PV and shall be read in conjunction with all other documentation that form the tender documents. 

This is a general specification, and it is expected that site specifications will be drawn up for Further Competition or Direct Award.

In the event of a discrepancy or requirement for clarification, the Contractor shall raise the matter with the Contracting Authority. Failure to identify a discrepancy or requirement for clarification prior to submission of their tender shall be deemed to be an acceptance by the Contractor that they have made provision with all requirements and details in these documents.

2 [bookmark: _Toc219881687]Definitions
· Contracting Authority: The Authorised User who signs the Call Off Contract
· Contract:	Amended JCT Design & Build 2016
· Contract Completion: The date for completion of the works or a section of the works
· Contractor: The supplier awarded the tender to deliver the works
· Engineer:	The person(s) acting as such on behalf of the Contracting Authority
· Engineer’s Certificate of Practical Completion: Practical Completion certificate/Statement
· Employer’s Agent:	The Agent acting on behalf of the Contracting Authority
· Engineering Specification:	Employer’s (Contracting Authority’s) Requirements
· Practical Completion: Completion of the installation, evidence of 30-days generation and issuance of relevant O&M documentations

3 [bookmark: _Toc219881688]Performance and Design

The appointed Contractor will be required to provide design and install all works, engineering services, and products necessary to provide fully operational PV systems to meet this specification (as a minimum), including MCS certification and meters.

This specification describes the performance required for the installations and provides such design details and parameters as considered necessary and/or available. In other respects, the design and installation are to be in accordance with British Standard and/or codes, Professional Institution specifications and/or codes of practice and/or, any applicable Regulations or in the absence of any of these, to best quality established practice.

Drawings (if applicable) will indicate locations of equipment, and such locations may not be varied unless approved by the Contracting Authority. Any connecting runs and/or sizes shown are indicative only and are to be varied as needed to produce the specified performance.

The awarded Contractor will be responsible for the design of each system to produce the performance specified, incorporating the specified parameters except as these may need modification to enable the Contractor to accept full design responsibility. Should the Contractor require to alter the specified design parameters in any way full details are to be included when pricing.

The Contractor shall provide in time to suit the programme of works, details compatible with and dimensioned to the available structural and/or architectural information and any adjacent component of any other system, sufficient to assess the implications on any item not within the performance design responsibility. Allow sufficient time for the issue of any necessary supplementary information. The Contractor is particularly made aware of the issue to complete all installations and provide necessary MCS certificates, and generation meter numbers.

The Contractor may wish to sub-contract certain sections of works. If this is proposed, Sub-Contractors must be fully competent and should be members of an appropriate specialist association. Sub-Contractors must produce details of their sections of the works as required. The lead Contractor is to produce such supplementary co-ordination information, including drawings where appropriate, to ensure the works are installed in a logical and coordinated manner. The Contractor will be responsible for ensuring all Sub-Contractors are managed to the standards required.

Sections of this specification have been prepared to assist the Contractor when pricing. Sectioning and any sub-contract does not reduce the responsibility of the Contractor.

During design development, liaise with other members of the Contracting Authority’s design team and ensure that space allocated to all plant and equipment is adequate but not oversized.

Where equipment is mentioned by name or manufacturer, the Contractor is at liberty to propose alternatives, but it MUST be of an equal standard and performance to the named equipment or supplier. Alternatives proposed at tender stage will be subject to assessment and will be evaluated on their compliance with minimum technical requirements set out in this document alongside their standard/performance in relation to the named manufacturer. If/when awarded, the preferred supplier wishes to propose alternatives to equipment mentioned by name or manufacturer in the specification, the alternatives will need to be approved by the Employer’s Agent.

Where alternatives are offered after acceptance of cost of work, a saving at least equal to the difference in list price between the named component or supplier and the alternative will be expected.

It is the Contractor’s responsibility to make itself aware of all the above Conditions. No allowance shall be made for any pricing errors due to non-compliance with the Conditions of Contract or the Standard Preliminary Clauses.

An amended JCT Design & Build 2016 form of contract shall be used on this programme.

The works may be subject to the requirements of the Construction (Design and Management) Regulations 2015 (CDM).


4 [bookmark: _bookmark1][bookmark: _Toc219881689]General Specification
[bookmark: _bookmark2]

This specification shall be read in conjunction with the following documents:
National Engineering Specification: Standard Specification Clauses for Electrical Services (Current Edition).

The equipment and installations are to comply with all statutory regulations current at the time of tender and in particular with the following:
· The IET Wiring Regulations 18th Edition BS7671.
· The Building Regulations 2010 and all current amendments/revisions.
· The Construction (Design and Management) Regulations 2015.
· The Health and Safety at Work Act 1974.
· Regulations under the Electricity Act.
· Any special regulations issued by the local Distribution Network Operator.
· Noise Control - Control of Pollution Act 1974.
· The Environmental Protection Act.
· British Standards issued by the British Standard Institution.
· The Asbestos Regulations.
· BSEN 61194 Characteristic Parameters of Photovoltaic Systems.
· BSEN 61215 Crystalline Silicon Terrestrial Photovoltaic Modules.
· BSEN 50618 Electric Cable for Photovoltaic Systems.
· BSEN 62124 Photovoltaic Stand-Alone Design Verification.
· BSEN 61427 Secondary Cells and Batteries for Renewable Energy Storage.
· BSEN 61724 Photovoltaic System Performance Monitoring.
· BSEN 62305 Lightning Protection Systems.
· BS 6651 Lightning Protection Systems.
· BSEN 62446 Photovoltaic System Requirements for Testing, Documentation, Commissioning, and Inspection.
· Engineering Recommendations – Energy Networks Association G99.

All relevant Clauses within the above Standard Specifications shall apply, except where superseded by the requirements defined in Section 3 of this Specification and accompanying drawings.

The Contractor is to allow for all works associated with projects required by Contracting Authorities.

The works shall include the responsibility for defects liability and the maintenance (both planned preventative and breakdown), of all plant and equipment for a period of 12 months from the Certificate of Practical Completion.

The Contractor shall allow for all maintenance items that will be required during the period of responsibility for operation and maintenance as set out in the contract.

Any discrepancy between this Specification, the conditions of contract, other documents and/or drawings shall be notified to the Engineer as soon as is practicable during the pre-acceptance stage, or thereafter.

4.1 [bookmark: _bookmark3][bookmark: _Toc219881690]General Description of the Works

The work comprises of the following:
· The design, supply and installation of the new photovoltaic PV solar panel systems utilising Invertor and Optimiser Technologies.
· The design, supply and installation including all final electrical connections, cabling, metering, isolators, and necessary containment of the new inverters associated with the new PV system.
· Assessment of suitability of existing electrical installation and any/all modifications/additional circuits as required. Assessment of existing fire arrangements and any/all alterations required for the installation.
· The structural calculations to ensure structural integrity of the proposed solution.
· The system commissioned including all required MCS certification and approved generation metering.
· Installation of Modbus metering and associated work to allow for Web based remote monitoring of electricity generation to include instantaneous KW generated, kWh/day and CO2 emissions saving. Log- in details and passwords for the Contracting Authority to allow for centralised management. Access for Contracting Authority to be able to extract from monitoring platform any data (live and historic) to be used as part of the curriculum.
· The completion of all G99 applications, offer letters, DNO required alterations and final certification.
· DNO export metering requirements.
· Lightning and Surge Protection.
· Contracting Authority demonstrations of the complete installation.
· Provision of O & M Manuals and “As Fitted” drawings.



4.2 [bookmark: _bookmark4][bookmark: _Toc219881691]Guidance Notes

It is recommended that all sections of the specification are read and absorbed thoroughly, giving particular attention to the specific requirements of the tender submission.

When undertaking further quotations with awarded Contractors, the Contractor is deemed to have visited the sites and to have acquainted himself with all pertaining conditions. No extra costs will be entertained on the grounds of lack of knowledge.
Following evaluation and acceptance of the tender and ultimate employment of a Contractor, this specification and the associated drawings shall be adopted as the Engineering Specification.

4.3 [bookmark: _bookmark5][bookmark: _Toc219881692]Completeness of Drawings and Specification

This specification shall be read in conjunction with the accompanying drawings (if applicable), and the Contractor shall include all components detailed in either or both.

The Contractor shall be acquainted with the proposals and shall liaise fully with the Engineer to ensure the concept design intent is fully understood.

The Contractor shall bring to the immediate attention of the Engineer, any conflicts in information/detail, arising from information issued by any member of the Design Team.

The Contractor shall also immediately advise the Engineer of any instances where compliance with the details contained within the specification and/or the associated drawings cannot be satisfactorily achieved.

It shall be the responsibility of the Contractor to include all components necessary for the complete installation whether detailed in the specification and associated drawings or not. The Contractor shall not knowingly exclude items, which are not detailed and would otherwise be deemed necessary to ensure a satisfactory solution.

Claims on the grounds of want or lack of knowledge in these matters shall not be considered.

4.4 [bookmark: _bookmark6][bookmark: _Toc219881693]Construction Design Management (CDM) Regulations

Where the project is notifiable under the Construction (Design & Management) Regulations 2015, the Contractor will be required to prepare a construction stage Health & Safety Plan as detailed in HSE Construction and prior to practical completion hand over a Project Health & Safety File, as detailed in HSE document.

A copy of the Contractor’s Company Health & Safety Policy shall be submitted at the time of tender to enable it to be assessed as part of the Tender submission.

4.5 [bookmark: _bookmark7][bookmark: _Toc219881694]Schedule of Rates and Cost Control
The Contractor shall provide a quantified schedule of rates with summated sub-totals and totals consistent with the tender breakdown and tender sum for each scenario.

The Contractor shall be expected to maintain an up-to-date record of all costs arising from variation instructions and shall submit a report on a monthly basis (or as agreed with the Contracting Authority), to identify the costs associated with all Employer’s Agent’s instructions/variations, etc.

The cost report shall include a schedule of the variations, listed in order, giving priority to the numerical logging of Employer’s Agent’s instructions.

Quotations arising from the issue of variations shall be submitted to the Engineer on a regular basis, as and when the instructions are issued. Quotations shall be supported by full breakdowns of costs associated with the particular variation.

Unsubstantiated claims for costs included within applications for payment shall not be considered until such times as comprehensive breakdowns of costs are offered in support of the claim.

In submitting applications for payment, items stored off site shall not be included, unless by prior agreement with the Employer’s Agent.

4.6 [bookmark: _bookmark8][bookmark: _Toc219881695]Dayworks

No additional works, unless previously sanctioned by the Employer’s Agent, shall be acceptable unless daywork sheets are prepared. Prepared Daywork Record Sheets shall be submitted to the Engineer, or a similar authorised person, for signature at the time of completion of the works. The signed sheets shall then be submitted to the Employer’s Agent within seven days, for recommendation for payment.

Where necessary, the Engineer reserves the right to request an estimate of the day’s work, prior to commencement of the works.

The site signatures of the Engineer, or other authorised person, do not authorise payment, such payments being recommended by the Employer’s Agent only.

4.7 [bookmark: _bookmark9][bookmark: _Toc219881696]Design Submissions and Approvals
Upon appointment, the Contractor shall be furnished with all available architectural, engineering, and structural layout drawings (if applicable). Using these drawings together with the drawings associated with this specification, the Contractor shall prepare full working drawings of the installations to reflect the final arrangements.

Section 3 of this specification details the minimum extent of the calculations and working drawings over and above those scheduled, including specific detail drawings, for statutory approval submissions to the local authorities, e.g., Building Control and Fire Officer.

The Contractor shall prepare a schedule detailing when all drawings and calculations will be issued which should accord with the main Contract programme. When issuing the drawings/calculation schedule, the schedule should also identify the extent and purpose of the particular issue, and the approval status of all drawings.

All drawings and calculations shall be presented in a legible, collated format, in duplicate allowing at least seven working days for the approvals period, along with all data sheets and information relevant to the selection and performance of the given equipment.

The Engineer may request the amplification of any detail considered inadequate; or to challenge the results of the calculations, in order to verify the validity of the design. Approvals shall be attained on a systematic basis generally as outlined below.

Copies of the drawings for approval shall be submitted to the Engineer; the drawing issue being controlled by the Contractor.

The Engineer shall review the drawings, assign comments, and where necessary, depending on the content of the comments, the Engineer shall assign a recommended comment status, e.g., as follows:

	Category ‘A’
	No comment, proceed with installations

	Category ‘B’
	Proceed with installation works subject to the incorporation of the comments given. Re-submit drawing for ‘A’ status approval.

	Category ‘C’
	Rejected, resubmit for further scrutiny, incorporating given comments. Do not proceed with the installation works.



The Engineer shall return the drawings to the Contractor.

Until such times as the drawings have attained Category ‘A or ‘B’ status, the Contractor shall stamp the drawings “Issued for Approval.”
Consequently, the Contractor shall stamp all drawings which have attained ‘A’ or ‘B’ status “Issued for Construction.”

All drawings detailing plant and equipment supplied/installed by specialists employed by the Contractor shall form part of the installation drawing package and as such it shall be the responsibility of the Contractor to ensure such drawings are provided for comment.

Builders’ Work in Connection (BWIC) with the installations, such as all cable routes, trenching, fixings, chases, holes, etc., required, shall be fully detailed on drawings and shall be the subject of comment by the Engineer.

4.8 [bookmark: _bookmark10][bookmark: _Toc219881697]Progress Drawings

The Contractor shall keep on site and shall make available for reference by the Engineer, or other authorised disciplines, a full set of installation drawings on which shall be recorded all variations to the original works. As the contract progresses, ultimately the working drawings can form the basis for the record drawings.

In addition to the above, the Contractor shall maintain a set of “coloured up” progress working drawings which shall be updated as the installations progress, to reflect the extent of works completed to date. These drawings shall be used to assess site progress, when compared against the contract programme.

4.9 [bookmark: _bookmark11][bookmark: _Toc219881698]Programme of Works

The Contractor shall prepare an accurate and practical programme for the design installation works in line with the detail provided in the project information pack. Contractor to liaise with the Contracting Authorities to develop a delivery programme.

The agreed programme shall conform to the contract period and completion date as determined with the Contracting Authority and shall include the completion of all design and drawing production, setting to work, commissioning, witnessing and testing processes within the contract period, 30-day generation period, together with the production of O & M manuals and record drawings.

The Contractor shall be responsible for ensuring all specialist contractors, suppliers and manufacturers, embodied within the Contract, deliver, install, and complete all works in compliance with the agreed programme.

A copy of the agreed programme shall be submitted to the Engineer as soon as possible, for information purposes.

All revisions to the programme, as may be necessary throughout the duration of the Contract, shall be duly recorded and revised copies of the programme shall be issued immediately.

In addition to the programme, the Contractor shall prepare a fully detailed procurement schedule, which shall be formulated on the basis of the agreed programme. The procurement schedule shall be issued to the Engineer, prior to the commencement of works.

The Contracting Authority shall be given due notice of any intentions/necessity to interrupt supplies through required shutdowns, such that where necessary, arrangements can be made to cover the ‘out of use’ periods, etc.

4.10 [bookmark: _bookmark12][bookmark: _Toc219881699]Reference Guides and Publications

The following guides and publications shall be used to prepare the design and shall be referred to throughout the execution of the contract works and the commissioning processes.

Where a conflict arises between the details listed in this specification and the reference document below, the Contractor shall immediately advise the Engineer accordingly.

· The IET Wiring Regulations 18th Edition.
· The Building Regulations and all current amendments/revisions.
· The Construction (Design and Management) Regulations 2015.
· The Health and Safety at Work Act 1974.
· Regulations under the Electricity Act.
· Any special regulations issued by the Distribution Network Operator.
· Noise Control - Control of Pollution Act 1974.
· The Environmental Protection Act.

In addition, the installations shall be installed in accordance with the latest British Standards and Codes of Practice and shall comply with legislation and regulations of the local Building Control Office, and statutory service contractors.

4.11 [bookmark: _bookmark13][bookmark: _Toc219881700]Materials and Workmanship

All installations shall be installed in accordance with the proposals detailed in the specification and the associated drawings. In addition, the installations shall comply with the requirements of the recognised publications, listed in the following sections of this specification.

Installation methods, materials, and workmanship shall be consistent throughout and it shall be the responsibility of the Contractor to provide suitable and adequate supervision, to ensure standards are maintained.

All electrical work shall be undertaken by contractors registered with the NICEIC as well as ECA/Napit or other recognised trade bodies.

4.12 [bookmark: _bookmark14][bookmark: _Toc219881701]Return of Documents

The specification documents and associated drawings shall remain the property of the Engineer and shall not be reproduced in part, or in whole, without the specific permission of the Engineer.

All documents and drawings shall be returned in entirety when submitting the offer and by the Contractor on completion of the Contract.

4.13 [bookmark: _bookmark15][bookmark: _Toc219881702]Builders’ Work

The Contractor shall carry out all builder’s work associated with the installation, including trenching and full fire stopping of all penetrations etc. where necessary. Small fixings, screws and plugs for brackets etc., shall be carried out by the Contractor.

4.14 [bookmark: _bookmark16][bookmark: _Toc219881703]Asbestos

The Contractor shall ensure that safe working practices are employed at all times and undertake a refurbishment and demolition survey to facilitate any disturbance to the building fabric required for the installation prior to the commencement of any works.

All works must be undertaken in line with current best practice and legislative guidance.

4.15 [bookmark: _bookmark17][bookmark: _Toc219881704]Cleaning and Protection

The Contractor shall maintain all work areas in a clean and safe condition and remove all debris as work progresses. All redundant materials shall be removed from site and disposed of, unless otherwise directed.

The building must be weather-tight before work commences and all installations shall be maintained in a clean and “as new” condition until practical completion.

4.16 [bookmark: _bookmark18][bookmark: _Toc219881705]Tools and Keys

All necessary tools and keys for the operation and routine maintenance of the installations shall be provided and supplied within a purpose-made rack mounted on the wall of the switch or plant room.

4.17 [bookmark: _bookmark19][bookmark: _Toc219881706]Testing and Commissioning of Engineering Services

The Contractor shall test, and commission all existing and new services installed under this contract.

The whole of the works shall be inspected and tested in accordance with the IET Regulations, relevant British Standards and CIBSE Commissioning Codes. The Contractor shall supply to the Employer’s Agent 2 No. completion certificates, complete with all test results, along with the serial numbers of any instruments used together with their last calibration dates.

On completion of the testing the Contractor shall offer the systems to the Engineer for witness. Sufficient time shall be allowed within the programme for any the Sub-Contractor’s initial testing and the witness tests thereafter.

A Certificate of Practical Completion will not be issued until 30 days of generation are demonstrated and all completion certificates are received as part of the O&M submission.

4.18 [bookmark: _bookmark20][bookmark: _Toc219881707]Record Documents

The final drawings shall be prepared electronically, and electronic copies of the operating and maintenance manuals shall be prepared in the format generally described below. 2no. hard copies of the signed-off and approved operating and maintenance manuals shall be supplied to site prior to practical completion of the project.

It is essential that all record documents are available, having been approved by the Engineer, in readiness for handing to the Contracting Authority upon practical completion. All record documentation shall, therefore, be provided in a state of readiness, no less than two weeks prior to the Contract Completion.

Draft submissions/method statements detailing the proposed format of the record documentation shall be issued to the Engineer for approval, throughout the duration of the Contract.

Failure to provide the requisite record documentation upon project completion allows the Engineer to exercise the right to arrange for the records to be prepared by others; the whole of the costs associated with this process, including surveying, shall be borne by the Contractor.

4.19 [bookmark: _bookmark21][bookmark: _Toc219881708]Operating and Maintenance Manuals

Operating and Maintenance manuals shall be provided to comply with Class D of the BSRIA Technical Notes and explained in BSRIA Application Guide

O & M manuals shall be inclusive of the following information and shall be presented electronically. The contents of the manuals shall be divided into relevant sections, each of which shall be clearly identified and indexed accordingly.

A non-technical Building Users Guide will be compiled by the Contractor and submitted to Engineer for approval, then issued to Contracting Authority, at or before, handover providing details of the operation and environmental performance of the building, relevant to meet the needs of the Facilities Management Team / Building Manager and the general users (staff).

The Operating and Maintenance Manuals shall contain:

Operation & Maintenance
· Emergency Information and Contacts
· Solar PV System Safety and Maintenance
· PV Panel Datasheet
· Mounting Kit Datasheet
· Invertor Datasheet
· Optimiser Datasheet
· PV Panel Layouts, Invertor & Generation Meters Locations confirmed on a site plan with corresponding serial numbers.
· Electrical Schematic Drawings
· PV Panel String Arrangement Drawings
· Battery Storage System Safety and Maintenance (if applicable)
· Battery Storage Datasheet (if applicable)
· Fire Equipment in line with BS5839 (if applicable)

Certificates & Approvals
· Contractors Installation Certificate of Completion
· Electrical Test Certificates (AC)
· BS5839 certification (if applicable)
· PV Commissioning Certificate (DC)
· Building Regulation Notification Certificate
· G99 Offer Letter
· G99 Signed Connection Agreement
· G99 Signed Witness Test Certificate/Confirmation of No Witness Testing
· Planning approval (if applicable)

Product & Workmanship Warranties
· Installation Warranty
· Workmanship Warranty
· Cabling Warranty
· Generation Meter Warranty
· Limited Product Warranty Certificate for Panels
· Limited Product Warranty Certificate for Mounting Kit
· Limited Product Warranty Certificate for Invertor
· Registered Extended Warranty Certificate for Invertors (by serial no)
· Warranties for all other items installed in relation to the works/contract.

Structural Snow & Wind Loading
· Structural Snow & Wind Loading Report for each roof installation.


System Performance and Monitoring
· Generation Meter Numbers and Location

4.20 [bookmark: _bookmark22][bookmark: _Toc219881709]Defects Liability

The whole of the works is to be guaranteed for a period of 12 months, from the date of the Engineer’s Certificate of Practical Completion. The Contractor shall remedy at their own expense all defects in installation and materials.

4.21 [bookmark: _bookmark23][bookmark: _Toc219881710]Meetings

The Contractor shall allow for attending monthly programme co-ordination meetings with the design team, ideally, to be held on the same day as the project progress meetings.

4.22 [bookmark: _bookmark24][bookmark: _Toc219881711]Training of Contracting Authority’s Staff

	Before Practical Completion, explain and demonstrate the purpose, function and operation of the complete services installation including items listed in the O & M Manuals.

Include for the training of at least two people to demonstrate the whole of the services installation. This shall include the interrogation of alarm signals and when and how to initiate maintenance activities, etc.

4.23 [bookmark: _bookmark25][bookmark: _Toc219881712]Enhanced DBS

	Enhanced DBS certification is required for all personnel working on site.

4.24 [bookmark: _bookmark26][bookmark: _Toc219881713]Safeguarding

	Schools Safeguarding Policies will be provided to the Contractor prior to works commencing on site.


5 [bookmark: _bookmark27][bookmark: _Toc219881714]Electrical Design

5.1 [bookmark: _bookmark28][bookmark: _Toc219881715]Scope of Contractor Obligations

This is a Performance Specification defining the performance criteria required to be achieved. This Specification is intended to indicate the nature of the deliverables to be achieved; Contractors must provide the design solution.

The Contractor should submit a tender based on their design solutions produced and amplified by a Specification and/or drawing as deemed necessary. As such the tender, detailed Specification and drawings shall be deemed to comply with the enquiry unless qualified.

The Contractor shall ensure all work complies with the performance requirements of this document and any detailed Specification and/or drawings submitted with the tender.

In some cases, a preference for a particular material, design or type of construction may be given or a particular method of construction may be implied. In such cases where the tenderer is not sure that the preference indicated will satisfy the requirements, alternative proposals must be provided with reasons when submitting any tender response. If the Contractor makes no alternative proposals to any given material or method, then they will be deemed to form part of the proposal and to satisfy the requirements of this document.

The Contractor shall discuss and liaise fully with the Engineer, Contracting Authority, and their appointed representatives in every respect regarding the services design and installation, including loadings and capacities, locations of all plant and equipment including specialist equipment being supplied by the Contracting Authority.

The Contractor shall prepare detailed calculations, drawings and working/installation drawings indicating every aspect of the installations and associated equipment as detailed below.

The Contractor shall review and determine if exiting electrical installations and equipment are suitable for the proposed installation, providing confirmation of this in their final proposals. Where the existing electrical installations/equipment are deemed to be unsuitable and require modification/replacement, this is to be determined by the Contractor prior to issuance of their final drawings, and any modifications/alterations/replacements of existing electrical equipment are to be detailed in the final drawings/proposals.

5.2 [bookmark: _bookmark29][bookmark: _Toc219881716]Cable Calculations

The Contractor shall fully design the complete wiring installation including all the calculations necessary for the installation to comply with the latest revision of BS 7671 (the 18th Edition of the IET Wiring Regulations), and the local Regional Electricity Company’s PME Regulations.

These calculations shall include, but not be limited to, the following:
· Maximum demand for the total installation
· Current carrying capacity for each cable
· Voltage drop for each circuit
· Disconnection time for short circuit and earth faults for each circuit
· Prospective short circuit rating at each protective device
· Maximum earth loop impedance allowable for each circuit
· Protection of cables from thermal stresses associated with short circuit or earth leakage faults.
· Co-ordination checks of protective devices to ensure full discrimination of the system. Discrimination ‘time/current’ curves and I2t characteristics where applicable are to be provided along with the calculation results.


5.3 [bookmark: _bookmark30][bookmark: _Toc219881717]Circuiting

Circuit arrangements shall be strictly as follows:
· Miscellaneous power – radials.
· All circuits shall be protected by RCDs sited within new distribution equipment.
· All socket outlet circuits shall be protected by RCD units mounted within local distribution boards.
· The system shall be so designed to allow for 20% spare capacity on each individual distribution board.

All diversity applications shall be agreed with the Engineer before being applied. For the purpose of tendering, the diversity factor for all circuits shall be assumed to be one. For calculation purposes the building’s power loading shall be assumed to be 60W/m2. Discrimination of protective devices shall take priority where selecting criteria devices to protect the main supply cables.

5.4 [bookmark: _bookmark31][bookmark: _Toc219881718]Cable Sizes

All calculations shall be based on utilising CPC conductors as part of the multi-core cables or separate for trunking and conduit installations. Metal conduits and trunking where used shall be suitably bonded to earth at every accessory location.
Separate CPCs shall be used throughout. Cables shall be selected to confirm with the aforementioned calculation with the provision that the following minimum sizes shall be adopted.

· Lighting circuits 1.5mm2
· Power circuits 2.5mm2
· Circuit Protective Conductor 1.5mm2
· Supplementary bonding conductors 4mm2
· Main bonding conductors to BS 7671 or supply requirements

5.5 [bookmark: _bookmark32][bookmark: _Toc219881719]Supplies to Miscellaneous Equipment

The Contractor shall obtain from equipment manufacturers or other specialist Sub-Contractors the load profile of all equipment requiring power supplies. All individual sub-circuits shall be designed to withstand the most onerous load switching conditions indicated or advised by the equipment manufacturer.

5.6 [bookmark: _bookmark33][bookmark: _Toc219881720]Installation Drawings Required

The Contractor shall provide, as minimum requirement, the following installation drawings. It shall be the responsibility of the Contractor to determine any further drawings required, together with the extent of detail imposed thereon:
· General Layouts
· Roof Level Proposed Services Layouts;
· Cable Routes:
· Electrical Services Schematic Layout;
· Lightning Protection Layout;
· Details of fire preventive measures;
· Full dimensioned details of all BWIC (Builders Works in connection) for the electrical services installations.

6 [bookmark: _bookmark34][bookmark: _Toc219881721]Particular Specification

6.1 [bookmark: _bookmark35][bookmark: _Toc219881722]Photovoltaic (PV) Installation System

The Contractor shall design and provide a fixed roof mounted photovoltaic array which shall be interconnected to the building's electrical distribution system with appropriate meters.

Systems to be designed in-line with the design principle of 70% site consumption of generation / 30% export. Contract to review site consumption data to determine most effective system size.

Where applicable the photovoltaic PV solar panels will be fixed to the existing buildings roofs as determined on a site-specific basis (within the site-specific specification), where fixing mechanisms depending on the existing roof type will be confirmed.

The Contractor shall supply and install mono-crystalline or poly-crystalline solar panels to meet the required system output as agreed with the Engineer. The Contractor shall certify and guarantee that the system will achieve this energy output and performance and have a module efficiency above 19.0%.

The Contractor shall supply and install Solar Edge Inverters and Optimisers or equal and approved (numbers depending on system size) and all required electrical connections and cable containment.

The Contractor shall employ a Chartered Structural Engineer as part of the works as it will be the Contractor’s responsibility to confirm the existing roof is capable of the new PV system being installed and that the weight loads transmitted to the building fabric to those which the structure can support under all conditions, including wind calculations.

The PV panels shall be laid out on the roof to avoid shadowing and to ensure optimum performance.

The commissioning and setting to work of the photovoltaic array in order to ensure that the installation satisfies the requirements specified by OFGEM and the Department for Energy Security and Net Zero. The appropriate MCS certificate (<50kWp) and generation meter number shall be issued to the Engineer and Contracting Authority at project handover.
Ensuring the existing roof maintains its integrity and should the Contractor damage it, it is their responsibility to rectify (at their cost). The Contractor is required to identify any existing roof warranties and design a solution to maintain all existing warranties.

The Contractor shall give a full system demonstration at handover to the Contracting Authority and Engineer. This demonstration will include all aspects of the installation.

It is fully the Contractor’s responsibility to carefully manage any employed Sub-Contractor as part of the works, for example scaffolding installers. Any health and safety issues and requirements for Sub- Contractor are the responsibility of the Contractor.

It is the Contractor’s responsibility to provide any necessary building works, including full scaffolding for the installation, roof penetrations for fixings and cableways. Ideally roof penetrations to the existing roof will be kept to a minimum.

The Contractor shall supply and install a MODBUS generation meter (or equal and approved), with digital display shown kWh generated. Allow MODBUS to connect with Contracting Authority’s existing monitoring system or BMS where applicable.

The solar panels shall be connected in parallel circuits, so that if there is a future fault with a single panel, the rest of the installation will operate.

The Contractor shall design and site the quantities, positions and locations of the inverters and determine how these are connected to the electrical infrastructure. These proposals shall be submitted to the Engineer prior to installation. In some instances, fixed protection cages may be required to house the inverters if externally mounted in potentially vulnerable locations.

The Contractor shall supply and install a fault warning system to alert the Contracting Authority if there is a fault with a single solar panel, this warning system will allow the Contracting Authority to determine the exact panel that has the fault. This should be done using the Solar Edge portal software (or equal and approved).

The Contractor is responsible for the design, supply and installation of the associated electrical installation and testing and inspection and this shall be carried out to comply with IET Wiring Regulations 18th Edition BS7671. This shall include all aspects of the electrical installation, equipment, DC isolators, AC isolators, inverters, meters, remote meter display screens.

The Contractor is responsible for the completion of Energy Networks Association G99 forms to the District Network Operator (DNO) and full liaison with the DNO.

The installation shall not commence until DNO approval is granted.
The Installation relay shall trip the AC supply to the inverters if the AC from the PV system or grid itself strays outside the voltage of frequency limits set by the DNO.
This relay shall also disconnect the PV system in the event of a power failure or a grid failure, removing the risk of the buildings network live despite the loss of the main distribution network.

The Contractor is responsible for ensuring that when connecting into existing switchgear and existing electrical infrastructure it is adequately rated and in reasonable condition for the system connections to be made.

The Contractor shall submit the full electrical design schematics and calculations to the Engineer for approval prior to installation taking place.

Electrical test certificates shall be presented within the O&M Manuals. These certificates must be the NICEIC versions, complete with installers NICEIC registered number or other accredited trade body.

Other services may be required to be installed. Due allowance shall be made for co-operation and co-ordination with other trades, especially conduit and trunking runs, to ensure that they do not coincide or clash with other services.

The Contractor must allow for any costs that may be incurred during the commissioning of the installation for supervision of plant and specialist suppliers, also where appropriate for extension of the manufacturer’s warranties as necessary and insurances, etc.

Where Contracting Authority has insurance arrangements with Zurich, all installations, and designs to be in line with Zurich Resilience Solutions – Risk Insight: Roof Mounted Photovoltaic Panels and Systems guidance/requirements.

The Contractor shall allow for design and install of the complete containment system.

The earthing and bonding of the whole of the electrical installation shall be in accordance with BS 7671 Requirements for Electrical Installations.
The bonding and earthing installation shall be carried out in a neat and unobtrusive manner to the satisfaction of the Engineer.

Lightning and Surge Protection shall be installed to protect the system in accordance with BSEN 62305. It is the Contractor’s responsibility for the design, supply and installation of Lightning and Surge Protection and proposals shall be submitted to the Engineer for approval. All MCBs to be bi-directional.
Contractor to include to supply/install/modify permanent edge protection/mansafe system to sites where requested by the client, along with proving all required certifications for edge protection/mansafe system installed/modified. Requirements for edge protection/mansafe system to be determined at site survey/final proposal stage and is to be included as an optional cost item.

6.2 [bookmark: _bookmark36][bookmark: _Toc219881723]Testing

Conduits and cables shall be tested during the progress of the work before their concealment, as follows:
· Continuity of protective conductors and equipotential bond of conduit, metal sheath etc.
· Continuity of current carrying conductors.
· Insulation resistance of MICC cables.

Immediately prior to completion, and in the presence of the Engineer, carry out the initial inspection and testing as per 18th Edition of the IET Wiring Regulations.

Note that the handover checklist must be issued ahead of practical completion inspection, the Engineer will not accept liability if completion is delayed due to late provision of the handover checklist.

Test results are to be documented in test charts containing the following information for each circuit:
· Design current (Ib).
· Earth loop impedance (Ze) at furthest point.
· Line neutral impedance at furthest point.
· Loop resistance (R1 + R2).
· Continuity of ring final circuit conductors.
· Insulation resistance readings.
· Polarity test.
· RCD test, where applicable.

In addition to the aforementioned information, each chart shall contain details of the external characteristics appertaining to the distribution board.

Following successful inspection and testing, three copies of the inspection test certificates shall be forwarded to the Engineer within 14 days of the tests being completed, or at practical completion, whichever is the sooner.

Note that the Engineer will not accept the installation as practically complete until a test/ completion certificate is presented.
Test Certificates shall be in the NICEIC standard format; BS7671 format and BS5839 for alterations to existing systems.

Lightning Protection commissioning certificates shall be provided on handover.

6.3 [bookmark: _bookmark37][bookmark: _Toc219881724]Programme

Final payment to the Contractor will be made on satisfactory commissioning, handover, supply of the complete O&M (Section 3.20) and the demonstration of 30 days consecutive operation/generation displayed on the Contracting Authority accessible portal.

6.4 [bookmark: _bookmark38][bookmark: _Toc219881725]Required Warranties & Cover

The Contractor shall allow for the minimum following warranties and cover as standard:
2 years on parts and labour as standard
12-year warranty on inverters (unless extended to 20/25)
25-year PV linear power output warranty of no less than 80% of original output
25 years on panels structure as well as performance.
25-year warranty on optimisers
25-year warranty on cabling
All warranties need to be manufacturer backed not self-insured by the contractors.

7 [bookmark: _bookmark39][bookmark: _Toc219881726]Equipment Specification Schedules

7.1 [bookmark: _bookmark40]Wiring Cables

	Application
	Sub-main cabling

	Manufacturer
	BASEC approved

	Type
	XLPE/SWA/LSF

	Conductor
	Stranded copper

	

	Application
	DC cabling

	Manufacturer
	BSEN 50396 compliant

	Type
	H1Z2Z2-K (or equal and approved)

	Conductor
	Class 5 flexible tinned copper conductor

	Insulation
	Halogen-free cross-linked compound

	Sheath:
	Halogen-free cross-linked, flame-retardant compound, in black

	Voltage Rating
	DC: 900/1800V

	

	Application
	General wiring

	Manufacturer
	BASEC approved

	Type
	LSF (6242B) twin and earth cables or XLPE/SWA/LSF (depending on application and load)

	Conductor
	Stranded copper

	

	Application
	Flexible cables – general purpose

	Manufacturer
	BASEC approved

	Type
	Standard HOFR flexible cords – multi-core

	Conductor
	Stranded copper




7.2 [bookmark: _bookmark41]Conduit

	Application
	Mechanical protection of wiring

	Manufacturer
	Contractor’s choice

	Type
	Non-metallic heavy-duty rigid circular PVC



7.3 [bookmark: _bookmark42]Conduit fittings and Accessories

	Application
	Mechanical protection of wiring

	Manufacturer
	Contractor’s choice

	Type
	Heavy-duty circular PVC fixed using manufacturer’s sealant.



7.4 [bookmark: _bookmark43]Trunking

	Application
	Mechanical protection of wiring

	Manufacturer
	Contractor’s choice

	Type
	Class 3 hot dip zinc coated steel. Supply partitions and covers of same material as trunking



7.5 [bookmark: _bookmark44]Trunking Fittings & Accessories

	Fittings
	Use bends, tees and angles of a similar gauge, type, finish, and manufacture

	Joints
	Use purpose made jointing pieces fixed with screws into captive nuts. Maintain electrical continuity at each joint by tinned copper link

	Cable supports
	Provide cable retainers in horizontal trunking. Provide pin racks at 3m centres in vertical trunking.



7.6 [bookmark: _bookmark45]Cable Support System

	Application
	Final circuit power wiring and future wire ways for telephone and data system

	Manufacturer
	MK or equal and approved

	Type
	Heavy-duty PVC, 3 compartment dado trunking.



7.7 [bookmark: _bookmark46]Cable Tray

	Application
	Sub-main cabling support

	Manufacturer
	Contractor’s choice

	Type
	Hot dipped galvanised steel tray. All External Trays to include lids



Fittings: Use factory fittings throughout of the same material, type, pattern, finish, and thickness as cable tray. Use reducers, inside angles and outside angles as manufacturer’s standards. Use flat bends, equal tees, unequal tees, and crosses with corners gusseted. Join lengths of tray and fittings using manufacturer’s standard shouldered ends, fish plates or couplers with galvanised slotted dome head roofing bolts, nuts, and shake-proof washers.

8 [bookmark: _bookmark47][bookmark: _Toc219881727]Standards of Workmanship

8.1 [bookmark: _bookmark48][bookmark: _Toc219881728]Standards of Installation

In addition to those documents previously detailed in this specification, the Contractor will ensure that all work conforms to current editions of the following standards:
· National Engineering Specification Standard ‘Y’ Clauses for standards of workmanship
· BS and BS EN Standards
· Building Regulations
· Construction Design Management (CDM) Regulations 2015
· Electricity at Work Regulations 1989
· Health and Safety at Work Act 1974
· H & SE Codes of Practice
· Loss Prevention Council Recommendations

8.2 [bookmark: _bookmark49][bookmark: _Toc219881729]Cables and Wiring

8.2.1 [bookmark: _bookmark50]Conduit & Trunking General Workmanship
The Contractor will ensure provision of conduit and trunking in accordance with BS 7671.

The Contractor will ensure:
· The entire system is electrically and/or mechanically continuous, to BS 7671.
· Compliance with BS 7671 wherever the conduit or trunking passes through the perimeter of a fire compartment (wall, floor, or ceiling).
· Conduit and trunking is presented in neat appearance, parallel with other service runs round the building line.
· Vertical runs are plumb.
· Installation of cable in conduit, trunking, or equipment enclosures only when completely erected throughout its length.
· Provision in conduit and trunking at expansion and settlement joints to allow for movement of the building structure.
· Provision of circular through or adaptable boxes no more than 300mm either side of expansion or settlement joints for conduit crossing.
· Boxes with flexible steel conduit type A or conduits arranged to form a telescopic joint and cover overall with a PVC sleeve to provide minimum degree of protection of IP44 or purpose made telescopic joint protected by a PVC sleeve to at least IP44.

8.2.2 [bookmark: _bookmark51]Conduit
Conduit will be cut clean and square with axis.

Any burs will be removed prior to erection.

Site form 90 degrees in conduit wherever practical or use circular or adaptable boxes.

Bends and sets constructed cold with a bending machine. Heat must not be applied when forming bends and sets. Bending tools complying with British Standards appropriate to conduit material must be used.

Ensure no indentation or reduction in cross sectional area occurs during installation. Use correct tools to assemble conduit. Ensure no tool marks or damage to components occurs.

Provide draw-in boxes in conduit at maximum intervals of 10m or after bends or sets totaling 180 degrees.

Ensure that cast-in conduits and boxes are firmly secured so that they do not move during subsequent building operations. Ensure that there is no blockage immediately shuttering is removed. Check that there is no mechanical damage to conduit in floor screed prior to screeding. Fix securely before screed is poured. Provide temporary protection to conduits until screeds are laid.

Ensure that conduit boxes to be cast-in will be flush with the face of concrete or plaster. Fit circular boxes with extension rings as required. Ensure fixing holes are countersunk where material thickness allows or use round head screws to prevent damage to cables and remove burs before cables are drawn in. Use two fixings for circular conduit boxes and four for adaptable boxes. Use back outlet boxes where surface conduits pass through walls to outside accessories or lighting points. Secure switch boxes and socket boxes using countersunk steel screws where provision is made for them or if not, use round head screws. Use plug inserts and finally grout in position prior to plastering or screeding.

Support conduit in accordance with Appendix I of Guidance Note 1 - Selection and Erection, published by the IET. Ensure conduit is not under mechanical stress. Fix boxes independently of conduit. Where protection is specified as IP44 or greater, ensure fixings of boxes are suitable to maintain degree of protection. Use saddles to fix conduit or crampets in screed or plaster.

Use flexible conduit for final connections to motors, other equipment subject to vibration or adjustment and to thermostats, motorised valves and similar duct or pipeline mounted items. Use sufficient length between equipment and circular through box at end of conduit run (min 450mm) to allow necessary full range of withdrawal, adjustment, or movement. Use solid adaptors to terminate flexible conduit. Use covered flexible conduit where exposed to weather or moisture.

For steel conduit, use materials free from defects, rust, scale, and oil. Repair any damage caused by threading, bending or erection by painting. Ensure length of thread on conduit matches that in couplers, fittings or equipment with no thread exposed after erection except at running couplers. Ensure conduits butt inside couplers. Use lubricant when cutting threads. Use minimum number of running couplings. For running couplings in Class 2 conduit, use coupler and locknut. Paint exposed thread with zinc rich paint. For running couplings in Class 4 conduit, use three-piece conduit unions.

For non-metallic conduit, comply with manufacturer’s instructions for bending, setting, and jointing of conduit. Do not install outside manufacturer’s recommended ambient temperature conditions. Use solvents recommended by the manufacturer for welded joints and ensure spigots enter full depth of sockets. Hold joints rigid and in position until weld sets. Remove excess solvent before surface damage occurs. Use slip joints as necessary, but not exceeding 6m on straight lengths to allow for expansion and contraction. Use semi-mastic adhesive where expansion joints are formed. Ensure special care is taken to prevent mechanical damage or warping to conduit where mechanical loads are imposed on the system e.g. lighting fittings.

8.2.3 [bookmark: _bookmark52]Trunking

Take measurements on site before producing drawings for manufacture of trunking.

Arrange trunking to allow access to wiring. Arrange access so that covers are on a continuous face and cables can be laid in throughout the length of the trunking. Notify where either condition cannot be achieved.

Ensure trunking is independently fixed and supported from the building fabric. Obtain approval for the proposed fixings/ supports. Use two fixings minimum per standard length.

Install steel trunking in accordance with the manufacturer’s requirements and those of BS7671. Use trunking to avoid multiple parallel conduit runs, subject to approval. Cut trunking clean and square with axis, prepare ends and remove burs and sharp edges. Ensure inside edge of trunking is free from anything liable to damage cables either during installation or after covers are fitted. When trunking is held in a vice, ensure surfaces remain undamaged and components are not warped. Avoid tool marking or damage to trunking system components. Use only factory-made fittings and accessories.

Form circular holes over 6mm diameter in trunking body using correctly sized punch sets. Use twist drill for holes up to 6mm maximum diameter. Use only factory formed openings for accessories. Line unprotected apertures in trunking with PVC or nylon edging strip. Fit ends of runs with removable blanking plates. Do not make connections to covers. Provide a fixed section of cover protruding 25mm either side of fabric where trunking passes through wall, floors, or ceiling. Fit cable retaining straps at 500mm intervals except where cover is on top.
[bookmark: _bookmark53]
8.2.4 Cable Tray

All external cable trays to incorporate lids for UV degradation protection.

Support from the building fabric with a minimum clearance of 20mm. Install fixings at regular intervals to prevent visible sagging when loaded, with maximum spacing 1.2m and 230mm from fittings. Keep cutting of cable tray to a minimum.

Cut along a line of unperforated metal. Make good finish with zinc rich paint, primer, and topcoat, or two pack epoxy paste, as appropriate to tray material and finish.

Holes cut in tray for passage of cables with grommets, bushes, or other lining. Install all bolts, fixings, and hangers with threaded portion away from cables.

For cables on horizontal tray, use ties for each circuit. Use special tensioning tool and crop off tie ends. For cables on vertical tray use cleats bolted to tray for paper, plastic or elastomeric insulated cables, and saddles or clips for MIC. Use cleats sized to grip cable firmly without undue pressure or strain on the cable but preventing slipping.

On continuous flat surfaces of wood, plaster, brick etc. use polypropylene surface fixing clips with pre-fixed hardened steel pin for PVC insulated and sheathed cables and sheathed or bright MIC cables. Use one hole “P” clips for unsheathed MIC.

8.2.5 [bookmark: _bookmark54]Layout & Spacing

The maximum circuit lengths and groupings of cables indicated are not exceeded. Where dimensions are not indicated, select trunking and conduit sizes in accordance with Appendix A of Guidance Note 1- Selection and Erection, published by the IET.

To install conduit and trunking clear of other services. Measure distance from external surface of any thermal insulation. Notify instances where minimum clearances cannot be achieved, and bond items concerned. Minimum general spacings between conduits, trunking and equipment are:
· Insulated steam services	300mm
· Other services excluding steam	150mm
· Above central heating radiators	100mm

Appendix K of Guidance Note 1- Selection and Erection, published by the IET.

8.2.6 [bookmark: _bookmark55]Condensation Prevention

Install conduit and trunking to ensure that internal condensation does not affect operation of associated circuits. Provide drainage points in accordance with BS 7671. Where conduit passes through external wall between two areas at different temperatures, or, in other locations likely to cause condensation, install a conduit or adaptable box. After wiring, fill box with inert, permanently plastic compound with high insulation value.

8.2.7 [bookmark: _bookmark56]Protection & Repair of Steel Components

Paint joints of conduit and minor damages to finish of conduit and trunking immediately after erection or after damage occurs. Use paint compatible with finish as follows:
· Galvanised finish – use two coats of zinc rich paint.
· Black enamel finish – use two coats of good quality black enamel.

Remove grease, oil, dirt, and rust before applying protective paint. Notify serious damage and repair or replace as instructed.

8.2.8 [bookmark: _bookmark57]Equipment Connections

Where surface mounted equipment is installed in conjunction with concealed conduit work, terminate concealed conduit at flush mounted conduit or adaptable box. Drill back of equipment, bush for back entry and mount equipment to conceal back box. Connect to fixed equipment via a conduit box located adjacent to the termination point, using either solid or flexible conduit as indicated for final connection to equipment terminations. Use conduit box as cable change point to facilitate changed wiring locally to adjacent equipment. Connect trunking to equipment by specially fabricated connectors or by couplers and externally screwed brass bushes.

8.2.9 [bookmark: _bookmark58]Cleaning Before Wiring

Clean inside of conduits and trunking with swabs immediately before wiring. Inspect all components and remove any foreign matter. Fit temporary plugs to open ends of conduit and trunking to prevent ingress of water and solid material.

8.2.10 [bookmark: _bookmark59]Builders’ Work
Ensure conduit is not concealed until work has been inspected and approved. Obtain permission before horizontally chasing walls. Ensure that conduit and fittings buried in concrete or behind plaster are protected against corrosion or electrolytic action prior to rendering. Ensure conduit concealed in wall chase is covered by plaster and/or rendering to a minimum depth of 12mm.

8.2.11 [bookmark: _bookmark60]Wiring

Comply with BS 7671 when wiring installations. Segregate circuits as indicated. Ensure draw wires are left within empty conduits for use of specialist installers. Use draw wires comprising nylon tapes with fitted eyelets. For concealed conduit, ensure system is installed to enable rewiring to be carried out from boxes for fittings or accessories only.

Draw-in boxes will only be permitted with prior permission in writing. Do not use tallow or other substances to facilitate drawing-in of cables.

8.2.12 [bookmark: _bookmark61]Cabling

Use new cables, delivered to site with seals intact, manufactured not more than one year prior to delivery, labelled with the manufacturer’s name, size, description, BS number, classification, length, grade, and date of manufacture. Ensure cable is marked with CENELEC or BASEC classification.

Use and install cables only as directed in the appropriate standard or as directed by the manufacturer in writing. Lay cables in one length unless otherwise indicated. Obtain permission from Employer’s Agent for all through joints, and where overall length requirement exceeds practical drum size.

Install cables when ambient temperature is 50C or greater, using cables stored at or above this temperature for not less than 24hrs. Use drum stands, drum axles, fair leads, rollers, cable stockings and other equipment as recommended by the cable manufacturer and as appropriate to the method of installation.

Install LSF cables in accordance with the manufacturer’s instructions. Ensure over sheaths are not damaged by abrasion or scuffing.

Install cables in conduit and trunking so that they are orderly and capable of being withdrawn. Arrange single core wiring generally using the loop in method. In vertical trunking, provide pin racks at 3m intervals. Use ties for all wires on the same circuit reference at 2m intervals.

Mark ties at 10m intervals with circuit reference number. In vertical conduit, provide cable clamps in conduit boxes at 10m intervals. Allow for full range of movement at building construction movement joints. Make all joints to wiring at terminal blocks in conduit boxes.

On cable tray or rack, place cables side by side or as indicated. Fix using cleats or cable ties so that any cable may be individually removed.

On surfaces, dress cables flat, free from kinks, twists and strain and align parallel to building elements. Take sheathing of cables when glands and clamps are not required into accessory boxes and equipment and protect against abrasion using grommets or similar sharp edge protection.

For mineral insulated cables, straighten and dress cables using methods and tools recommended by the cable manufacturer. Use PVC or LSF sheathed cables where colour coded or indicated or where cables may come into direct contact with corrosive material.

Fit temporary seals to MIC if the cable is left unterminated underground or if termination is not to be made for twelve weeks.

For flexible cords, ensure cords are gripped securely at both ends.

8.2.13 [bookmark: _bookmark62]Underground Cabling

Use XLPE/SWA/LSF type cabling for all power circuits laid directly in the ground. Cables shall be laid at a minimum depth of 600mm in general open ground and pavements and 800mm when under roadways.

All underground cables shall be segregated with other services in accordance with the following Table except where further account is necessary for grouping factors to maintain current carrying capacities of cables.

	Cable
	HV mm
	LV mm
	Telephone mm
	Coaxial mm
	Pipework mm

	HV
	50
	300
	300
	300
	300

	LV
	300
	25
	150
	150
	300

	Telephone
	300
	150
	50
	50
	200

	Coaxial
	300
	150
	50
	50
	200



Unless otherwise indicated all excavations within 600mm of existing services shall be by hand digging only.

Before laying, the bottom of the trenches shall be cleared of loose stones and covered with a 50mm layer of sand. After laying, a further layer of sand shall be applied to give 50mm total cover. A warning tape shall be placed above each cable laid direct in the ground at a depth of 300mm below the finished ground level.


8.2.14 [bookmark: _bookmark63]Cable Jointing

Ensure all joints and terminations are made by appropriately qualified cable jointers. Use jointing materials, components and workmanship recommended by the cable manufacturer and the jointing accessory manufacturer. Install cable glands in accordance with BS 6121 Pt5. Cut all cable ends immediately prior to jointing or terminating. Seal cables left unconnected for more than 24hrs to prevent ingress of moisture. Seal plastic sheathed cables using proprietary shrink on end caps.

Strip cables to bring out the cores and expose conductors, for the minimum length required for connection, to leave no exposed length of conductor after termination. Ensure that strands are not damaged when stripping cable cores. Twist strands together. Do not reduce numbers of strands. Secure all strands at termination.

Clean armour thoroughly prior to jointing or terminating.

At connections to equipment and switchgear without integral cable clamping terminals, use compression or solder type lugs for bolted terminal connections, of correct bore. Form all compression connections to components using tools that cannot be released until the correct degree of compression has been reached. Bolt core terminations with lugs to equipment using washers or proprietary shake proof devices. Do not bunch more than three cores at clamping terminals or bolted connections. Mark cable conductor phasing, or other core identification, at each end of the cables, and at all joints, maintaining consistency of marking with any existing system.

Connect all cores, including multi-core cable spare cores, at all joints and terminations. Bond any unused cores of multicore cables to earth at both ends, unless otherwise indicated.

Terminate or joint MIC cables in accordance with the manufacturer’s instructions.

8.3 [bookmark: _bookmark64][bookmark: _Toc219881730]LV Switchgear and Distribution Boards

8.3.1 [bookmark: _bookmark65]Distribution Boards

Make internal separation Form 1 unless otherwise indicated. Make fuse boards fully shrouded. Fit each distribution board with an isolating switch.
Install busbars in the same position relative to their fuse carriers or MCBs for each pole. In TPN distribution boards, supply neutral busbars with one outgoing terminal for each outgoing circuit.

Provide a multi-terminal earthing bar for circuit protective conductors for both insulated and metal cased boards, with one terminal for each outgoing circuit. Connect directly to earthing terminal without dependence on exposed conductive parts of enclosure.

Identify each fuse way and MCB way by numbering indelibly. Identify each terminal on neutral busbar and earthing bar with its respective fuse way or MCB way. Provide spare ways as shown on the drawing or schedule. Provide and fix a typed copy of the distribution board schedule in a glazed frame adjacent to the board. Where specific ratings are indicated, incorporate fuses or MCBs, otherwise leave blank for future additions.

8.3.2 [bookmark: _bookmark66]Fixing

Fix all equipment independently of wiring system. Use cadmium or zinc electroplated bolts, nuts washers and screws.

8.3.3 [bookmark: _bookmark67]Access

Ensure that clearance in front of switchgear and control gear is not less than 1m or as indicated.

8.3.4 [bookmark: _bookmark68]Marking & Drawing

Number terminals, cables, and component parts to correspond with the manufacturer’s certified drawings.

8.3.5 [bookmark: _bookmark69]Cable Terminations

Terminate armoured and MICS cables inside enclosure by securing cables to switchboard with glanding plates or glanding brackets; and outside enclosure with glanding plates or fabricated steel extension boxes.

8.3.6 [bookmark: _bookmark70]Installation and Commissioning

Install and commission switchgear and control gear in accordance with the appropriate standard and the manufacturer’s recommendations. Include CT polarity check in commission tests.

8.3.7 [bookmark: _bookmark71]Earthing

Ensure metal framework of equipment is bonded to main earth point. Ensure that cable CPCs are connected to earth bar. Provide earth CPC between earth lug on metal box and accessory casing except where accessory is encased in plastic.

8.3.8 [bookmark: _bookmark72]Protection

Ensure there is no physical or electrical damage to accessories when they are removed from their packaging and during installation. Provide masking covers for surface mounted accessories to protect surface from paint. Where accessories are flush mounted, install front plate after painting is finished.
Align accessories horizontally and vertically, as indicated. Where accessories are grouped, mount horizontally in line and parallel to each other and equidistant. Fix cover plates to boxes with brass fixing screws.

8.4 [bookmark: _bookmark73][bookmark: _Toc219881731]Earthing and Bonding

8.4.1 [bookmark: _bookmark74]Materials Generally

Use materials and installation methods in accordance with BS 6651, BS7671, BS 7430 and Electricity Supply Regulations as appropriate.

8.4.2 [bookmark: _bookmark75]Main and Supplementary Equipotential Bonds

Material, Insulated cable single core to BS6004. Use no joints in equipotential or supplementary bonds.

8.4.3 [bookmark: _bookmark76]Circuit Protective Conductors

Provide protective conductors sized in accordance with BS 7671 543-01-03 and Tables 54B, 54C, 54D, 54E and 54F, or provided sized in accordance with BS 7671 543-01-04 Table 54G.

8.4.4 [bookmark: _bookmark77]Protective Cable Terminations

For bolted connections, use crimp type lugs compressed by automatic tool to achieve correct pressure and crimp depth.

8.4.5 [bookmark: _bookmark78]Earthing Clamps

Use clamps complying with BS 951.

8.4.6 [bookmark: _bookmark79]Warning Notice/Labels

Provide a permanent label durably marked in letters 4.75mm minimum height: “SAFETY ELECTRICAL CONNECTION – DO NOT REMOVE” in visible position, at each bonding conductor connection to extraneous conductive parts.


8.5 [bookmark: _bookmark80][bookmark: _Toc219881732]Identification

8.5.1 [bookmark: _bookmark81]Labels and Notices

Apply identification labels and notices in accordance with BS 7671 to all electrical cables plant and equipment including components of mechanical systems.
BS 7671 Labels and Notices:
· Identification of Protective Devices
· Diagrams, charts, or tables to comply with Clause 514-09
· Warning notices, voltages in excess of 250V.
· Periodic inspection and test notices.
· Residual current device notices.
· Earth electrode safety electrical connection label.
· Bonding conductor connector point to extraneous conductive parts label.
· Earth free local equipotential bonding areas warning notice.
· Electrical separation areas warning notice.
· Outdoor equipment socket outlet notice.

8.5.2 [bookmark: _bookmark82]Materials

Use materials for labels with a predicted life at least equal to the equipment being identified.

8.5.3 [bookmark: _bookmark83]Cable Identification at Distribution Boards

Within distribution boards and consumers’ units, etc., all neutral, phase and earth conductors are to be identified to indicate phase and circuit numbers by the use of cable markers.

In addition, all sub-mains must be identified by the use of an identification system fitted to the outside of the sheath at the main switch panel and distribution boards. The cable identification to relate to a cable schedule to be provided on the schematic wiring diagram and in the operation and maintenance manual. Cable markets and cable identification systems shall be manufactured by Critchley (or equal and approved).

8.5.4 Other signage

Warning signage on mains boards for duel electric supply
Warning signage for roof edges stating Danger SOLAR PV / DC CABLE on roof.

8.5.5 [bookmark: _bookmark84]Underground Cable Identification

Identify underground external cable routes by means of approved markers along their length at distances not greater than 30m and where a change of direction occurs on such routes. Provide cable markers with a brass plate or impress concrete to clearly indicate the reference of group of cables. Mark and protect direct buried cables with plastic tape yellow printed black “DANGER ELECTRIC CABLES” elsewhere.

8.5.6 [bookmark: _bookmark85]Cable Conductor Colour Coding

Identify cable conductors in accordance with BS 7671, note that a lighting sub-circuit switch wire is a phase conductor in a single-phase circuit. Code all single-phase sub-circuit wiring red.

8.6 [bookmark: _bookmark86][bookmark: _Toc219881733]Testing and Commissioning

8.6.1 [bookmark: _bookmark87]Test Equipment and Consumables

Provide test equipment and consumables to complete tests satisfactorily, and to re-test any failed installations following corrective measures.

8.6.2 [bookmark: _bookmark88]Testing

Carry out in the same order as published, the tests required by BS 7671 for New Installation or Altered or Added Installation as appropriate.
[bookmark: _bookmark89]
8.6.3 Continuity

Confirm continuity using an AC or DC source.

8.6.4 [bookmark: _bookmark90]Earth Fault Loop Impedance

Use a certified tester to measure and record source impedance. If alternative LV supply arrangements are available, measure when using supply with highest impedance. Measure impedance with main equipotential bonding conductors connected. Do not summate values of several parts of each loop. Apply temperature correction factors suitable for the installation recording values.

8.6.5 [bookmark: _bookmark91]Settings and Adjustments

Confirm characteristics and settings of protective devices are within maximum and minimum specified tripping times. Check correct operation of devices. Confirm interlocks and sequences operate safely and as indicated.

8.6.6 [bookmark: _bookmark92]Completion Certificates

Provide completion certificates for electrical installations in accordance with BS 7671. Record details of departures from BS 7671 on certificate. Provide copies of calculations justifying departures from BS 7671 and attach to certificates.

8.6.7 [bookmark: _bookmark93]Conductive Parts

Test conductive parts simultaneously accessible with exposed conductive parts of extraneous conductive parts. Establish that they are either not an extraneous conductive part or that they are reliably connected by metal to main equipotential bonding.
Confirm conductive parts, which are not extraneous conductive parts, are separated from earth by an impedance greater than 50,000 ohms. Confirm other conductive parts are bonded to equipotential zone earth bar by an impedance not exceeding 0.1 ohms.

8.6.8 [bookmark: _bookmark94]Phase Sequence

Check and confirm correct polarity of all conductors in all circuits.

8.6.9 [bookmark: _bookmark95]Cables

Test continuity and insulation of buried cables immediately after backfilling. Test continuity and insulation of buried cables prior to handover.

8.6.10 [bookmark: _bookmark96]Conduit, Trunking and Ducting

Test and confirm electrical continuity before installing cables.

8.6.11 Fire compartmentalisation

Re-instatement of all fire compartments if breached with certification provided.
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