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1 Introduction

BAS Cambridge is the centre for coordinating and managing polar science and operations. Offices, science and engineering laboratories, as well as controlled environment facilities provide the focal point for UK’s polar research effort. Science Building 2 and the Logistics Buildings at our Cambridge site are key structures in housing the continuing work that goes into polar science, and as such their continued operation is critical to the success of BAS.  
The British Antarctic Survey (BAS) has recently committed to achieve Net Zero Carbon Emissions by 2040 from its directly managed operations. As part of this commitment, this project will facilitate the low carbon transition of BAS offices in Cambridge by increasing the solar capacity of the site and reducing our environmental impact. This project aims to provide a minimum additional 450kW of solar photovoltaic power generation installed in both roofs which will meet 17% of the site’s electricity demands and will contribute to a reduction of 90 tonnes of CO2e. 
Alongside the clear carbon benefits outlined above, the project will also see the complete reroofing of the Logistics Building, a building that manages, organises and delivers polar equipment, project materials and essential cargo from the UK to Antarctica. The existing roof is prone to leaks, contains asbestos in some areas, and provides little thermal insulation. The Project aims to address all of the above issues in a replacement roof covering. There are secondary goals that this project aims to deliver, including thermal insulation and render to the Logistic Building, replacement windows and personnel doors and replacement roller shutter doors where indicated.

2 Project Preliminaries
2.1 Logistics Building Roof Replacement
The Logistics Building was first built in the mid-70’s (East) and extended in mid-80’s (West). The east wing is comprised of asbestos containing ‘big 6’ roof sheets with a sandwich of mineral wool insulation. The west wing comprises ‘big 6’ roof sheets in a matching profile in cementitious material with the same sandwich mineral wool insulation. The existing structure comprises a portal framed steel structure, with secondary ‘Z’ purlins supporting the existing roofing. The existing structure is in good overall condition and is to be maintained as such. The Logistic Building houses the logistics team who take care of importing and exporting, cargo packing, storage and other essential activities to maintain a viable presence in Antarctica. Alongside this, the building houses the storage of equipment for polar marine use, polar aircraft use, and polar engineering workshops, all critical infrastructure to support operations in Antarctica. 

The day to day operation of the building will be significantly affected during the course of the roof replacement works, measures will need to be made to ensure operations may continue, including the relocation of stores to other locations on site, protection of valuable machinery and assets during the course of the works etc all as detailed within the Schedule of Works. 
The current arrangement of the Logistic Building comprises the following areas:

· Supply Chain Logistics Warehouse
· Vehicles Garage and Workshop

· Air Unit Storage

· Antarctic Marine Engineering Storage

· Antarctic Marine Engineering Workshop

· A central corridor serving between Science Building 1 and Central Services Building
· A men’s shower room, an Estates Workshop and various plant room areas
2.2 Solar Photovoltaic Installations
BAS is committed to achieve Net Zero Carbon Emissions by 2040. One of the ways in which we aim to achieve this is in production of our own power on site. BAS has already constructed a solar array that doubles as a car port style roof to our South car park.
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A proposal was put forward to expand this solar installation by covering some of our existing roof areas with solar panels, to effectively triple our power production on site further contributing to our goal of Net Zero Carbon Emissions by 2040. 

Figure 1: Logistics Building 

[image: image3.jpg]Figure 2: SB2 Building

2.3 Scope of works
The following works descriptions and specification shall be read in conjunction with the drawings, all appendices, project timelines and the remainder of this specification. 

The Project shall include for the following:

· Removal of the existing roof coverings to the Logistics Building

· Temporary protection of room areas below during the removal of the roof

· Design, supply and installation of a new insulated composite roof to Logistics Building complete

· Installation of Solar Photovoltaic panels across the Logistics Building and Science Building 2, to include:

· Inverter arrays with dedicated lean-to roof coverings to Employers approval

· All necessary cabling as required within new cable ductwork below ground

· Connection to exportation limiting device as specified by the Distribution Network Operator 

· Installation of thermal insulated render to Logistic Building
· Installation of new personnel doors and windows to Logistic Building
· Installation of 4no. new roller shutter doors to Logistic Building
· Full mechanical and electrical commissioning

· Provision of O&M manuals and commissioning information

2.4 Project Programme
The project is to be split into two phases as detailed below:

Phase 1. To be completed and invoiced by mid-March 2021
· Complete Installation and integration of solar array on Science Building 2.

· Roof and window replacement, complete solar installation and re-render external walls on east section of Logistics building.
Phase 2. To be completed and invoiced by mid- March 2022
· Roof, window and door replacement and complete solar installation on west section of Logistics building, re render external walls.
It is intended that work on site shall commence as soon as possible. All units shall be commissioned, tested and handed over by the end of March 2022 at the latest.

Further details are outlined later in this Specification.
2.5 Temporary Facilities
This site is occupied 24 hours a day. All buildings will be occupied throughout the works. The Contractor must take all reasonable care not to interfere with all other activities on the site.
It is acknowledged that during intrusive works there may be a requirement to remove/protect personnel and/or equipment located within the vicinity of these works. The contractor will be expected to propose a plan of works that minimises the local impact of intrusive works as far as practicable, whilst ensuring safety throughout, to be agreed by the Employer’s representative before commencement. The removal of BAS owned equipment and management of BAS personnel to de-conflict with agreed construction works will be managed by the BAS Project Manager.
The contractor will be responsible for ensuring appropriate temporary protection is in place for systems and equipment in the local area to any works, from both weather damage and damage caused by the works activities.
The Tenderers are recommended to visit the site before submitting their Tender to acquaint themselves with local conditions, means of access, the full extent and character of the Works and any other matters which might affect the execution of the Works.
Details of the proposed Site Organisation are included in drawing C0038/RRSPI S08.

2.6 
Drawings and Additional Documentation
The drawings and additional documents issued with the Tender will form the Contract Documents and are listed below:

· Site plan – Appendix D – Site Plan 

· Logistics Building As Existing Survey drawings – C0038/RRSPI S01–S03

· Science Building 2 As Existing Survey drawings – C0038/RRSPI S04–S05
· Solar Works As Proposed – C0038/RRSPI S06

· Logistics As Proposed – C0038/RRSPI S07
· Site Organisation Plan – C0038/RRSPI S08
· Sitewide Electrical Distribution – C0038/RRSPI S09-S11
· Asbestos register dated February 2020
· DNO approval dated14/08/2019, DNO requires updating to show increased PV generation
· Planning Application Submission details dated 15/09/2020
· Structural Engineers report dated November 2019

· Operation and Maintenance template by BAS dated 23/10/2020
· Electronic Information Requirements by BAS dated 23/10/2020
2.7 Tender

The Contractor is required to examine the drawings and related documents prior to submitting their Tender and notify the Employer of any conflicting or inadequate information contained therein.  On submitting their Tender, the Contractor shall be deemed to have satisfied himself as to the sufficiency of the information provided to enable them to carry out and complete the contract.  No subsequent claim for consequential loss upon the Contractor’s failure to comply with these provisions will be entertained.

The Contractor is to visit and inspect the site prior to Tendering as no claim will be allowed on the grounds of ignorance of the conditions under which the work will be executed, the character of the work and all that is involved in carrying out this Contract.  No claim will be entertained for the Contractor's failure to comply with this Clause.

The Employer does not bind himself to accept the lowest of any tender or any section of same; neither do they hold themselves responsible for any expense the Contractor may incur in the estimating or in the adjustment of accounts.

The Employer will not be liable for any costs incurred in the preparation and submission of a tender.

The contract will be awarded on the basis of best value for money taking account of price, technical merit and quality

This shall be a fixed all-inclusive priced based upon the contract documents and a careful inspection of the site including for handing over the works clean, functional and complete, fit for immediate occupation and use as intended.  
2.8 Insurances
£5,000,000 Public Liability Insurance. 

The Employer will require sight of a valid insurance certificate prior to entering into a contract.
2.9 Defects Period
All installations will be warrantied for a period of at least 12 months from the date of system handover to the client. During this period, the principle contractor will be responsible for correcting any emergent defects, unless caused by negligent system operation or causal factors outside of the design specification.

2.10 Health & Safety
The contractor will be formally appointed as principal contractor.

To uphold stringent health and safety standards during the construction phase, all health, safety and welfare provisions for persons at work must be provided as well as upholding the responsibilities ensconced within the Construction Design and Management Regulations 2015 (CDM). CDM covers civil and engineering works of any scale including construction, retrofitting, repair and decommissioning stages, applying to all life cycle phases. 
Under CDM, consideration must be given to the planning and co-ordination of maintenance and repair of all components. Adequate site security should be provided to guard against theft and limit the danger of unauthorised persons causing self-inflicted injury. 
CDM regulations documentation, specific risk assessments etc. shall be provided as follows:

1.
In electronic format and the Services Contractor shall agree number of paper copies to be issued for comment with the Principal Contractor/Principle engineer, for tender purposes assume 4.

2.
Manufacture / installation works shall not commence until the documentation has been returned without any outstanding comments from the Principle Contractor/Principle Designer, all comments shall be addressed prior to final copy being issued for inclusion in the Health and Safety File.
Installation and maintenance of the PV modules must be carried out in accordance with the Work at Height Regulations (2005) and the guidelines presented in Health and Safety in Roof Work (2012). Ensuring that only designated competent persons carry out removals and replacement of damaged PV modules. Risks and hazards posed by fracture of the PV modules themselves mean that a response plan must be put in place to ensure that any breakage is swiftly communicated to, and handled by an appropriately appointed competent person. 
Methods of installation and maintenance that negate the requirement to work at height should be considered. Further guidance on glazing at height as well as risk assessment examples and mitigation measures are provided in BRE publication BR471: Sloping glazing, Understanding the risks.
Monitoring for signs of corrosion and/or deformation of steel members should be conducted to ensure that the structural integrity is maintained. The design working life, accommodating for issues such as corrosion, is to be designed in accordance with BS EN 1990 and therefore the timeline of use for structural members including anticipated maintenance can be developed. 
Consideration should be given to the health and safety risks arising from electrical connections and components. Safe working practices should be defined and observed with the electrical system of the solar carport. Particular attention should be taken of the risks posed by the DC side of the system. Each solar array should have a bespoke maintenance and monitoring plan. During operation, health and safety is to be upheld through constant monitoring of correct system functionality and maintenance of safety and protective equipment. 
Fire risk and prevention should be considered at all stages of the development. Under law a nominated person will be responsible for fire safety. It is recommended that a fire risk assessment is completed by a competent person/organisation and reviewed at installation and commissioning stages. Consideration should be given to the location of any system components with respect to any existing fire escape routes, mustering points etc. that may already be located in the area. Any walk-in enclosures should feature hard-wired fire detection systems.
2.11 Health And Safety Plan
The Contractor shall, in conjunction with the CDM Coordinator, where necessary, amend, adapt, and expand the Health and Safety information provided contained within the tender documents to produce a coherent Construction Phase plan for the project. The plan shall be implemented and monitored and where necessary, adapted, amended or expanded to reflect changes in circumstances which may arise during the construction phase of the project.

2.11.1 Personnel

The Contractor shall:

1. Ensure suitably qualified personnel are responsible for preparing, implementing and monitoring the Health and Safety Plan for the duration of the construction phase of the project.

2. Obtain the prior written approval of the CDM Coordinator before changing any of the personnel referred to above.

Hazards of Health and Safety Generally:

The Contractor shall advise the CDM Coordinator immediately of any deficiencies in the Pre-tender Health and Safety information provided or of unforeseen hazards to health and safety which may become apparent as the project proceeds.

Contractors:

The Contractor shall take all necessary measures to satisfy himself that all sub-contractors, whether appointed by him directly or not, are competent and have allocated sufficient resources to comply with the requirements on Contractors imposed Construction (Design and Management) Regulations.
2.12 Covid 19
The principle contractor is to ensure that suitable measures are in place to mitigate the risk posed by Covid 19 to any persons working within the worksite and within the wider BAS Cambridge site. The latest BAS Covid 19 risk assessment will be provided prior to any works commencing, which the contractor will be required to comply with in full, in addition to the latest UK/England/Local Authority specific Covid guidance and legislation. 

 

The proposed project delivery plan should incorporate reasonable consideration to the impact on delivery timescales imposed by Covid precautions. 

2.13 System Signage
System signage is critically important for informing users, maintenance engineers and emergency services of the system, its operation and any potential hazards it may introduce. Drawing attention to the presence of a hazard or potential danger is a minimum requirement for mitigation of most health and safety risks associated with construction. Signage should be appropriate, effective and well maintained. This applies to temporary works throughout the construction phase and permanent installations.

Further details of system signage requirements for permanent installations are outlined later in this specification.
2.14 Asbestos
The Contractors attention is drawn to the fact that Asbestos can be found on the site, an Asbestos register is held by the Employer, and can be viewed by the Contractor upon request.

Previous surveys have indicated asbestos is contained in the roof of the logistics building and will need to be removed and disposed of as per current UK regulations.
2.15 CDM
CDM will apply and the HSE needs to be notified. The Employer requires sight of all risk assessments, method statements and COSHH assessments prior to work being carried out. Work will not be able to commence without these been in place.

Should the Contractor believe that this project is “non-notifiable” then they should advise this in the tender return.
2.16 Return of Tender
Before a Tender is accepted the Contractor must submit to the Employer a fully priced and quantified schedule of works upon which the Contractor's Tender has been based to allow the Employer to fully understand costings. The Contractor is to also allow for any other conditions outlined by UKSBS within their Contract documents.
Should the Contractor not have included in the said documents specific costs for any of the work, services or obligations described in the Specification or shown on Tender drawings and schedules, he shall be deemed to have considered that the rates and/or sums for the work services or obligations included in the said documents are sufficient to enable him to carry out and complete the Works.

Rates and/or sums included in the said documents shall be deemed to include all related work which is not separately identified.

Changes in programme will require notification in writing to the employer.

2.17 Variations
The Contractor shall execute any variation to the work or additional work, as may be ordered in writing by the Employers Representative. No work shall be carried out or be paid for, without such written authority.

2.18 Verification of Sizes, etc.
The Contractor is advised not to scale from the drawings and verify all dimensions on site.

The Contractor, sub-contractors and suppliers must verify all sizes, quantities, descriptions, etc. from the Works, drawings and other documents before ordering materials or putting work in hand.

Imperial equivalents are to be used for any materials included in the Specification that is not available in metric sizes.

2.19 Inspections and Tests
All new installations should be tested as stated in BS7671:2008 +A3:2015 Requirements for electrical installations.

The Contractor must give adequate notice to the Employer during the progress of the Works to enable any inspections, tests, commissioning, witnessing etc. to be carried out by the Employer.

2.20 Electrical Supply Characteristics
The Electrical supply on site is 3 Phase and Neutral. Voltages are L-L 400V, L-N 230V at a frequency of 50Hz.
2.21 Building Information Modelling
BIM Level 2 is required by the Government on all public sector construction projects. Therefore, organisations in the construction industry must demonstrate compliance before the Treasury will release funding.
The Contractor’s attention is drawn to Appendix H, outlining the client’s Asset Information Requirements. Please note that this document outlines the general requirements for all BAS Estates projects, and the contractor’s attention is drawn specifically to Annex I items highlighted in yellow, indicating the specific requirements for this project.
2.22 Government Soft Landings
BS8536 parts 1 and 2 should be followed enabling a smooth transition from construction to operation.

2.23 Access to and Possession or Use of Site
The Contractor must not use the site for any purpose other than that of executing the Works.  The Contractor must obtain the approval of the Employer to the proposed siting of all temporary structures, plant, materials, roads, paths, spoil heaps, etc.

On completion of the Works, the Contractor must remove from the site all temporary works plant, surplus materials, etc. and make good any disturbance or damage, including damage to the ground or structures, to the satisfaction of the Contract Administrator.

Any deliveries are to be via the Contractors Site Compound. The Contractor is to become familiar with the restrictions concerning this access. Any deviation from this will need to be verified by the employer.
The storage of any flammable materials required for the works, is to comply strictly with all current UK legislation and shall not be stored within any building.

The Contractors attention is drawn to Site Organisation drawing by BAS C0038/RRSPI/S08
2.24 Prevention of Nuisance and Trespass
The Contractor must take all necessary precautions to prevent any trespass on property adjoining the site by workmen, plant or materials under his control, and to prevent nuisance arising from the execution of the Works.

The Contractor must take all necessary precautions for the prevention of nuisance arising from dust, excessive noise and vibration.  The Contractor must discuss with the Employers Representative the measures he proposes to adopt to counter nuisances described above and must give notice of, and agree periods when, noisy operations and operations causing vibrations are to be executed.

The Contractor must allow for dealing with any complaints in connection with alleged nuisance arising from the execution of the Works and for making such arrangements and negotiations as may be necessary, including temporarily suspending any portion of the Works, and must include for everything required to enable the Works to be completed and handed over on the Contract completion date.

The Contractors attention is drawn to Site Organisation drawing by BAS C0038/RRSPI/S08
2.25 Speed Limits
The Contractor must ensure that all vehicles are driven at safe speeds and in conformity with any speed restriction signs within the grounds.

2.26 Vehicle Parking
Limited parking for the Contractors vehicles and those of all their staff will be advised by BAS. General parking is not permitted within the BAS Logistics Yard or any of the BAS car park areas.
The Contractors attention is drawn to. Site Organisation drawing by BAS C0038/RRSPI/S08
2.27 Overtime
The Contractor must obtain the written permission of the Employer before any overtime is worked.  The Contractor will not be reimbursed for the additional cost of any overtime unless it is specifically instructed by the Employers Representative.  Should such an instruction be given the Contractor will be allowed the net additional cost incurred, in accordance with the rules or decisions of the recognised wage fixing body concerned, in respect of working tradesmen and labourers only.
2.28 Working Hours
Normal working hours are between 8am and 6 pm; however, the site will be occupied 24 hrs.

Noisy, dust and disruptive work that prevents the normal function of the space / building must be carried out, out of hours.

Access to the site outside of normal working hours will only be allowed through prior discussion with the Employer, as security arrangements are required to be made. 

The Contractor is to include in their tender for all reasonable out of hours working. 

A fully operational system must be active when work is completed each day.

2.29 Advertising Rights
The Contractor must not permit or display advertisements on the site without the consent of the Contract Employer.

2.30 Maintenance of Existing Services, etc.
The Contractor must protect, uphold and maintain all existing structures, live drainage, ducts, water, gas and other mains or power services and if any such items are damaged he shall be liable for and shall indemnify the Employer against any expense, liability, loss, claim or proceedings provided always that the damage is due to any negligence, omission or default of the Contractor's workpeople or those of his sub-contractors.

The Contractor must not make connections or interfere with the operation of existing services such as live drainage, water, gas or other mains or power services without the written permission of the Employer. 

The Contractor must give ten days’ notice before any service is interrupted. 

Isolation of services, i.e. water, electricity, gas – not without Employers Representative approval
2.31 Site Specific Restrictions
Prior to the daily commencement of any works and at the end of each working day, all contract staff are to report to BAS reception and ‘sign in’ or ‘sign out’, using the Contractors Pass scheme.

No Smoking Policy – only permitted within agreed areas

Noise - The Contractor will be working, in close proximity to scientific research facilities. In most instances these facilities require low levels of noise disturbance, which may be in excess of those specified in the Noise at Work Regulations 1989. Work must therefore be scheduled to take account of this requirement.

The site has some restricted access areas including laboratories and clean rooms. This must be taken into consideration when programming the works. A change in programme will require 3 days notification in writing to the employer.
2.32 Waste
Disposal of all waste produced from the works is to be disposed of offsite by the Contractor in a responsible and legal manner in accordance with all relevant Health & Safety and Environmental Regulations. The use of the BAS waste disposal system is not permitted. 

The Contractor is requested to recycle as much waste as is practically possible. 

The Contractor must remove all rubbish, debris, etc. at regular intervals as it accumulates and must remove all protective casings and coverings and clean the Works internally and externally. On final completion, all areas are to be given a ‘deep clean’ and left in a condition satisfactory to the Employers Representative.

The Contractor must keep a log containing the following information for each waste & debris disposal trip. This must also include all waste transfer notes from any skip hire that may be required for the duration of the works

•
Skip Hire Company and Disposal Site.

•
Contract Name and Disposal Site.

•
Vehicle ID – License Number.

•
Date of Disposal.

•
Time of Disposal.

•
Origin of Debris.

•
Location of tip

•
Net Weight. of Load.

The Contractor will hand over a copy of all waste tickets, fully completed to the Employers Representative each time waste is removed from site. All tickets must be handed to the Employers Representative by Practical completion. Practical completion may be withheld if all waste tickets have not been copied to the Employer.

The Employer reserves the right to audit the waste disposal process
2.33 Supervision
All work must be carried out by, or closely supervised by workmen skilled in the appropriate trade.

The Contractor shall allow for all on and off site management costs and shall keep on the Works a competent General Foreman at all times and always in charge, who shall be considered the Contractor's representative on site and shall carry out the instructions of the Contract Administrator.  The presence of the Foreman on site from commencement to completion is obligatory and no departure from this condition or substitution for him by a Trade or Working Foreman can be permitted excepting on the written agreement of the Employers Representative.

2.34 Water for the Works
The Contractor may connect to the existing supply.  However, it is the contractor’s responsibility to provide all necessary connections.

2.35 Lighting and Power for the Works
The Contractor may use the site power supply, free of charge, to carry out the works. However, it is the Contractor’s responsibility to ensure sufficient power supplies and provide all equipment to provide the correct voltage.

The Contractor must provide temporary electric lighting and power distribution supplies for the Works. The temporary installations must be in accordance with BS and the current IEE Regulations.  Extension outlet units for portable tools must be provided within 20 metres of the point where the tool is to be used, measured by the actual route taken.  The Contractor must provide lighting for any temporary hoarding and the like.

All Equipment shall have a current PAT test certificate and be safe to use

2.36 Temporary Accommodation 
No temporary office accommodation will be provided by The Employer for the Contractor 

The Contractor will not be permitted to use the existing building telephones.  The Contractor must provide any temporary telephone facilities that he may require.
Details of the proposed site temporary accommodation can be found on BAS drawing C0038/RRSPI/S08Site Organisation within the appendices.
2.37 Mess Canteen Facilities
The Contractor is to provide their own messing facilities within the Site Compound. The BAS canteen is currently closed due to the ongoing Covid19 situation. Upon re-opening the Contractor may be permitted to use the BAS canteen given written permission from the Employer.

2.38 Toilet Facilities
It is recommended that the Contractor allow for and maintain Portaloo facilities within the Site Compound.

The Contractor may be allowed to make use of an existing toilet, but this must be left and maintained in a clean state.
2.39 Radios etc
The use of radios etc. by the Contractor's workmen will not be allowed outside of the Site Compound.
2.40 Attendance
The Contractor shall make all necessary allowances for attendance on his subcontractors including obtaining full particulars of requirements with regard to chases, holes, recesses, etc.; supplying all necessary dimensions and other information for the proper execution of the sub-contract work; free use of temporary roads and paving, standing scaffold, standing power operated hoisting plant; the provision of temporary lighting and water supplies; clearing away rubbish, provision of space for the sub-contractor's own offices and for the storage of his plant and materials, the use of mess rooms, sanitary accommodation and welfare facilities.
2.41 Scaffolding
The Contractor is to allow for all necessary scaffolding, ladders, trestles, etc., for the due and proper completion of the job, and at all times complying with the appropriate Safety Regulation.

2.42 Data Protection Act
The Contractor hereby undertakes that he and his Employees or Agents will treat as confidential and will not hold or publish in any form any personal data, as defined by the Data Protection Act, which they become aware of during the execution of this Contract and will not pass on such data to any other person or body.

The Contractor further undertakes that he will indemnify the Employer against all liability under the Act, arising from the failure of the Contractor or his Employees or Agents to comply with this undertaking.
2.43 Fire Precautions – Existing Structures
The Contractor must take all reasonable precautions to avoid the outbreak of fire, particularly in work involving the use of naked flames: such work must be examined at short intervals immediately following its completion.  Before any works of maintenance, adaptation or extension to existing buildings or services are carried out or connections to existing services are made, the Contractor must discuss his proposals with the Employers Representative responsible for fire precautions to ensure that the extent of any fire hazards in the Works are known fully to both the Contractor and the Employer.  The Contractor must draw the attention of all workpeople on the site to the dangers involved in the careless use of naked flames in proximity to combustible materials, disposal of matches, cigarettes, tobacco ash, etc., and of the accumulation of rubbish must be fully impressed on them. Smoking must not be permitted in roof spaces, service voids and other similar locations having a high probability of fire and workpeople must be required strictly to conform to all "No Smoking" rules applicable in specific areas of the site and existing buildings.

Fire protection compartments must be maintained and fire escape routes must remain unobstructed and where necessary illuminated.  The Contractor must provide and maintain suitable fire extinguishers.  The building's fire alarm system(s) must be maintained by the Contractor at all times.

2.44 Fire Precautions – Generally
The attention of the Contractor is drawn to the current HMSO Publication "Standard Fire Precautions P5 - to be taken by Contractors engaged on building and engineering works and maintenance for the Department of the Environment" and he must observe its recommendations where relevant to the Works.

Fire extinguishers and hydrants must not be obstructed and access to them must be maintained at all times.

The Contractor must remove all cylinders containing inflammable gases from buildings or enclosed spaces at the end of each working day.

Safe unobstructed escape from the building must be maintained at all times. 
3 Materials, Goods and Workmanship

3.1 Compliance
All work shall comply with the Building Regulations and the Regulations of the Local Authority and Statutory Authorities.

Materials and components shall be new, shall comply with BS or BBA documentation where such exists and shall be delivered to site in the manufacturers' wrappings where they are provided.
All self-finished and decorative materials and components shall be subject to selection and approval.
Workmanship shall comply with the appropriate CP where such exists and with other relevant authoritative documentation such as that published by the BRE.  Work of an aesthetic significance shall always be undertaken with particular care and attention.

Should any materials, components and workmanship be not fully specified the Contractor shall comply with good building practice and produce work fit for its designed purpose.
3.2 Electrical Works

All Electrical works shall be carried out in accordance with the IEE Wiring Regulations 18th Edition BS 7671:2008.
3.3 System Signage
Signs warning of multiple electrical sources should be installed at the point of connection with the distribution network, any distribution boards or switchgear that are connected to the solar array (directly or indirectly) and at the inverter. Electrical schematics showing how the system is connected and the location of all key components and isolation devices should also be durably affixed at these locations. In addition, labels should be affixed adjacent to each circuit RCD and any isolation devices explaining their operation.

It is recommended that DC cable runs are labelled every 5 – 10m. 

Guidance on appropriate signage for each part of the multifunctional system can be found in the corresponding IET Code of Practice Guides.
3.4 Tolerances
The Contractor shall work within dimensional limits that are suited to the structural stability and final appearance of the building; this requirement shall overrule any published or specified tolerances which refer to work in isolation (e.g. normally acceptable tolerances for structural concrete may be unsuited to the application of finishing work). Adjust the positions of the components and joints etc. within specified limits in order that the finished work has a uniform appearance.
3.5 Setting out the Works.

Allow for all expenditure in connection with setting out the Works.  The Contractor shall be responsible for the setting out of the Works and shall, entirely at his own cost, amend any errors arising from his own inaccurate setting out.

3.6 Dust Sheets and Protection

The Contractor is to supply and fix all necessary dustsheets and temporary screens to adequately protect all adjoining areas, furnishings, etc. during the execution of the work and he is to allow for clearing up and leaving clean each evening.

3.7 Making good

The making good of structures after cutting away and similar work will be deemed to be included in every instance.
3.8 Plant, Tools and Vehicles

 The Contractor must provide all plant, tools, vehicles, implements and machinery necessary for the execution of the Works.
3.9 Temporary Fencing, Hoarding, etc.

The Contractor must provide temporary fencing, hoarding, screens, fans, planked footways, guard-rails, gantries and similar items as may be necessary for protecting the public and others for the execution of the Works.  The Contractor must provide all necessary lighting 

3.10 Inclement weather
The prices shall include for working during any type of weather which is averse to the progress of the Works, subject to and including taking all precautionary and protective measures that can reasonably and practicably be taken.
3.11  Fixings generally

Any packing slips or additional grounds etc. to those detailed and sundry minor improvisation needed to ensure dimensionally correct and secure fixings shall be deemed to be included in the prices of all components fixed into the building.
Visible fixings shall be complementary to the finished work and all fixings shall be compatible to the work being fixed and the background, proof against rust, electrolysis and any other form of corrosion.
Fixings involving drilling into backgrounds (e.g. plugging and screwing, expansion bolting) are not separately described for new and old backgrounds.
3.12  Commissioning
Prior to commissioning, a commissioning plan is to be submitted by the contractor in order that the Employer’s representative can witness key equipment commissioning and inspections. 
The whole system is to operate in accordance with BS 7671:2008 +A3:2015
•
All equipment operates correctly as per manufacturer’s instructions.

•
Installation work is, as far as reasonably ascertained, of an acceptable standard. 

•
The entire system has been inspected and tested.
4 Design Review Procedure

For each of the proposed new services & systems, the Contractor or his specialist shall provide full design detailed technical submissions to demonstrate that they have understood the requirements of the criteria outlined in the tender documents for that system and have provided a fully compliant solution.

The minimum content of the technical submissions shall include (however not limited to) the following:-

1. Introduction of the system(s).

2. Technical data sheets of the equipment or materials proposed.

3. Fully detailed design drawings and schematics for all materials, equipment, cabling and containment.

4. Supplementary drawings / schematics in addition to the construction drawings.

5. Fully coordinated layouts detailing all mechanical and electrical services.

The technical submissions shall be submitted to the Employer for comments 2 weeks prior to commencement on site, unless otherwise agreed by the Employer’s Representative.

The time allowed for comment by the Employer shall be at least 7 days, this period shall be allowed for within the construction programme.

Following the review of the submission the design documents are to be graded as follows; 
“A” – Contractor to proceed with the works in accordance with the design documents.

“B” – Contractor to proceed with the works in accordance with the comments, the design must also be amended to take on board such comments.

“C” – Contractor to re submit design documents incorporating comments made. NO works to be carried out.

Services Contractor only entitled to be paid in respect of such work where it has been executed in accordance with designs marked A or B.

4.1 Coordination

The tender specification indicates design intent, there are no construction drawings and therefore detail pursuant to construction is currently not available and will become the Main Contractor’s responsibility.
The Contractor shall:

1. Include for all materials etc. as required to provide a complete, fully co-ordinated installation for their services.

2. Complete co-ordination in conjunction with their Sub-Contractors, the Main Contractor, the Electrical/Mechanical Contractor and the Contract Administrator, both individually and jointly.

3. Ensure that all services are co-ordinated with the building and any other services present and agree the sequence and timing of each element of the installation in a manner that maintains the agreed co-ordinated arrangements and programme.

4. The positions of all equipment and services routes, including trunking, conduit and pipework etc, shall be marked out on site prior to their fixing

5. Where architect’s room layouts are available these shall be used to determine exact locations. Where these are not available then existing site information shall be referred to.
6. In heavily serviced areas, all main service routes or corridors and as otherwise specified elsewhere in this document, the Mechanical Contractor shall produce drawings/sketches/details allocating space for all mechanical and electrical services and demonstrate that crossover points etc. have been agreed in a manner that allows sufficient access to all maintainable items.

7. All drawings etc. shall be submitted following the requirements for working drawings detailed in this specification.

8. Liaise with the Contract Administrator and CDM Planning Co-ordinator with regard to the assessment and reduction of hazard and risk in accordance with the current CDM regulations.

9. Particular care shall be taken to obtain uniform and tidy arrangements of all new equipment. The precise position of a piece of equipment shall normally be determined as follows: -
a. Single items of equipment which are visually remote from other electrical or mechanical equipment shall be erected at the mounting heights stated in the Specification or shown on the drawings, or by prior written agreement with the Employer.
b. Two or more items of equipment, whether electrical or mechanical or both, which are to be erected on the same wall or ceiling, or which will otherwise be visually close to each other, shall be arranged in a neat and symmetrical group. Symmetry of arrangement shall be obtained by horizontal and vertical alignment through the centre lines and not the edges of equipment; for this purpose the stated mounting heights may, with the Employer’s approval, be varied slightly.

c. Where necessary, agreement reached with other parties on the positioning of equipment/plant etc., shall be indicated on the drawings provided by the Contractor.
Any disputes shall be referred to the Main Contractor, who has overall responsibility for co-ordinating the construction activities.
4.2 Builder's Work

The Contractor shall ensure allowances are included in the Contract for the provision of builder's work for the works such as:

1. Formation of brick or concrete bases for plant.

2. Formation/excavation of trenches.

3. Formation of horizontal and vertical service ducts, covers and access panels as appropriate.

4. Cutting/forming of holes and chases, etc., and making good.

5. Cable tiles, marker tapes and cable markers.
6. Fire stopping.

The Contractor shall provide:
1. Detailed information to the Builder for all builders work required for the Contract works based on working drawings produced by the Services Contractor and manufacturers' drawings, etc.

2. Dimensioned drawings showing the sizes and positions of all builders work requirements.

Where it is not practical to indicate on the drawing the positions of small (<100mm² ) holes and chases, they shall be marked out on site by the Services Contractor, this does not apply to holes through structural concrete or beams, which shall be shown on the drawings.

The Contractor shall be responsible for preparation of builder's work details etc., of all his Sub Contractors / specialists.

The above shall be provided at such time as shall be required to enable provision to be made for the same during the construction process.
4.3 Installation (or Working) Drawings

The Tender specification and drawings issued are provided to show design intent. They shall not be used as working or fabrication drawings. The Contractor shall develop the drawings in order to provide a complete set of working and fabrication drawings for the installation works. The drawings and installed systems shall:

1. Include all fittings etc. in order to comply with this specification.

2. Be based upon measured site dimensions and under no circumstances shall scaled dimensions from drawings be accepted.

3. Include minimum spacing as specified.

4. Be fully co-ordinated as detailed elsewhere in this specification.

5. Be provided to industry recognised scales
6. Be provided in electronic format and:

a. The Contractor shall agree the number of paper copies to be issued for comment with Employer
b. The Contractor shall agree the number of paper copies to be issued for construction with Employer
c. Manufacture / installation works shall not commence until the drawing has been returned without any outstanding comments from the Employer, all comments shall be addressed prior to final copy being issued for manufacture / installation.

4.3.1 Builder's Work Drawings

1. The Contractor shall provide builder’s work drawings that are:

2. Based upon the installation drawings.

3. Fully co-ordinated as detailed elsewhere in this specification.

4. Provided in electronic format and:

a. Contractor shall agree the number of paper copies to be issued for comment with Employer
b. Contractor shall agree the number of paper copies to be issued for construction with Employer
4.3.2 Record Drawings

The Contractor shall provide record drawings that are:

1. Based upon the installation drawings.

2. An accurate record of the actual installation including any deviations from the working drawings that have occurred on site.

3. Fully co-ordinated as detailed elsewhere in this specification.

4. Indicate the layout identity, size and position of all services installed.

5. Provided in electronic format
4.3.3 Specialist Suppliers Drawings

The  Contractor  shall  provide  installation/fabrication  drawings  from  all  specialist  suppliers  or  manufacturers.
4.4 CDM Regulations

CDM regulations documentation, specific risk assessments etc. shall be provided as follows:

1. In electronic format and the Contractor shall agree number of paper copies to be issued for comment with the Employer
2. Manufacture / installation works shall not commence until the documentation has been returned without any outstanding comments from the Principle Contractor/Principle Designer, all comments shall be addressed prior to final copy being issued for inclusion in the Health and Safety File.

4.5 Progress Drawings

The Contractor shall keep on site, available for reference by the Employer or other competent persons, a full set of installation drawings on which he shall record the work as installed.

4.6 Schedule of Rates

The Contractor shall provide a full quantified schedule of rates which shall:

1. Be provided with 14 days of being requested.

2. Shall be a Bill of Quantities with a total that matches the contract price.

3. List all materials, equipment and quantities applicable to the works.

4. Be broken down into 1st fix, 2nd fix and fit out for each service element as defined in the Tender Analysis.
4.7 Procedures for Inspection, Checking and Issuing Of Documents
The above documents shall be issued for inspection by the Engineer and Contract Administrator for comment. The following procedure shall be adopted:

1. Issue electronic and/or paper copies as detailed above for comment.

2. One marked copy of the document or schedule of comments will be returned.

3. The Services Contractor shall incorporate comments or provide further information as necessary and re-submit the document for comment.

4. Once the document, in the opinion of the Engineer / Contract Administrator, are free of any comments the Services Contractor shall:

a. Provide the final document in the required format and quantity, as detailed previously, to form the formal issue.

b. The formal issue shall be by the Main Contractor.

Any subsequent amendments shall follow the procedure detailed above.

The acceptance in principle shall not relieve the Contractor of the overall responsibility for ensuring supply of fully coordinated and complete documents including those of any specialist(s) employed.
4.8 Timing of Preparation and Issue of Contractor's Documents

Any drawings or documents prepared by the Services Contractor shall be prepared in good time to allow for the inspection procedure outlined above and having due regard to site progress and deliveries of materials.

The time allowed for comment by the Contract Administrator / Engineer shall be at least 10 days, this period shall be allowed for within the program for preparing the above documents.
4.9 Site Delivered Condition

The Tenderer shall specify in the tender return items of plant that will require assemblage on site. Where possible, representatives from the Client shall be afforded the opportunity to inspect any equipment assembled off site prior to delivery.

4.10 Manuals

The Contractor shall produce a comprehensive Operating and Maintenance (O&M) manual.

Program for production of O&M manual.

1. Initial Draft Copy shall be provided prior to Commencement of Commissioning (minimum of 21 days before contract completion.)

2. Allow a minimum of seven days for the Engineer to comment.

3. Incorporate all comments, re issue for comment if substantial change required.

4. Prior to Practical Completion supply final copies.
BAS’s O&M template is enclosed at Appendix I for reference. This template outlines the minimum requirements for O&M key sections and detail and the principle contractor is invited to utilise this format. It is acknowledged that the principle contractor may have their own suitable template and this will be accepted by prior agreement with the Employer’s Representative, if it is deemed to meet the requirements outlined in the reference.

4.11 Labelling of Equipment

Each item of plant and equipment shall bear a metal nameplate giving the maker's name, serial number and relevant performance data. In addition all items of plant and equipment shall be fitted with a bolted or screwed-on engraved plate, having identification marks and number corresponding to the Schedule of Plant and Equipment in the Operation and Maintenance Instructions and stating the description of the plant and its relative number if more than one, e.g. Reference O & M 14, Heating North Zone Pump No. 1
5 Schedule of Works
5.1 Site Organisation
The Contractor is to include here for all site setup as indicated on BAS drawing C0038/RRSPIS08 (Site Organisation) and as follows:

· Forming site compound areas as indicated using 2.4m Heras fencing and vehicle gates 

· Include for site welfare facilities at all times, including toilets, messing area, office and H&S facilities as necessary

· Allow for the design and construction of all temporary bases required to support the welfare facilities
· Utilise ‘bog matting’ throughout site compound area and for duration of project

· Utilise bog matting in mast area if required

· Allow for temporary signage for Contractors deliveries only

· Allow for H&S signage throughout

5.2 Scaffolding
The Contractor is to include here for all scaffolding costs in support of the project and for the duration of the project and as follows:
· Scaffolding to be designed by bespoke calculation, by a competent person, to ensure it will have adequate strength, rigidity and stability while it is erected, used and dismantled

· Employer to approve scaffolding design prior to commencement of works

· Scaffolding is to be designed such that all existing access doors, window openers and roller shutter doors can be operated in the usual manner and no restrictions are created to users of the SCL and SB2 Buildings

· Any scaffolding can be attached to the existing buildings as necessary for structural support, all damage to be made good prior to completion and to satisfaction of the Employer

· Scaffolding designed and erected as not to obstruct marked pedestrian walkways, netting will be required to the throughout to protect BAS staff members from any falling debris

· The Contractor is to follow NASC guidelines and HSE guidelines
· The Contractor may wish to provide a separate costing for phased works and for continuous work

5.3 Reroofing works to Logistics Building
The Contractor is to price here for the following works in support of the reroofing of the Logistic Building as follows:

· Removal of existing roof sheets, fascias, eaves boards, barge boards and soffits throughout

· Removal of all existing mechanical fixings throughout

· An allowance made for renewal of any ‘Z’ purlins as required or deemed necessary by the Contractor 

· Disposal of all waste material arising

· Include for removal of asbestos containing materials by a licensed Contractor. All associated risk assessments, method statements, insurances, certifications etc to be seen by and approved by Employer prior to works commencing. All RPE and PPE to be provided by the licensed Contractor and any necessary equipment required, all to be included for here
· Roof existing structure with composite roof and insulation panels onto existing ‘Z’ purlins, all to meet current building regulations standards of 0.18w/m2K or better. Employer is open to different composite roof sheet manufacturers if presented

· Note: New roof scheme does not include roof lights

· Contractor may wish to allow for separate prices for each phase of the project, with a separate costing for the works if carried out in one phase (i.e. present any financial savings)

· Existing ‘secret’ guttering and downpipes are to be re-used within the final scheme. Girofix gutter sealing system or similar to approval to be applied to external face of existing guttering to be applied to extend useable lifespan of existing gutters
· BAS are aware that existing equipment, materials, clothing, goods etc currently in storage within the areas underneath the proposed roof will need to be removed and stored elsewhere. BAS will arrange for the safe transport and storage of any items requiring removal to allow for the safe progress of the works.

· The contractor is to make allowance for temporary isolation, removal and re-instatement of any electrical and mechanical installations/systems/services which may need to be temporarily relocated to facilitate the re-roofing works (eg. Fire detection systems/roof lighting, ventilation installations etc). All installations are to be re-instated, commissioned and proven operational to the satisfaction of the Employer’s representative unless otherwise previously agreed.

· Sufficient protection must be provided for electrical/mechanical equipment and installations within the vicinity of the re-roofing works to ensure damage is not caused either as a direct result of works activity, or from inclement weather whilst the building envelope is temporarily interrupted.

Quality assurances are as follows;

· The proposed manufacturer of the composite roof should be a reputable roofing product manufacturer. This is to ensure that the procured product is of a consistent and acceptable standard that has been tested and proven.

· The roof system employed by the Contractor should carry a minimum 25 year insurance-backed guarantee for materials and workmanship
· The contractor should provide technical/product data within the tender bid of the proposed roofing product.

· The contractor shall be an experienced installer of panelled roof systems having a portfolio of past projects.

· Pre-Construction meeting should be conducted prior to the start of the roof installation to finalize any outstanding issues, questions or details regarding the installation of the roof.

· The roof should withstand a heavy rain test after installation to ensure correct installation, before any PV panel installation work goes ahead.

· Install roof panels in accordance with manufacturer’s installation manual, recommendations and advice. All roof panels MUST also be without waves, warps, buckling, fastener stress, or distortion.

5.4 New windows, doors and roller shutter doors to Logistics Building
The Contractor is to price here for the provision of new windows, doors and roller shutter doors to the Logistics Building complete and as follows:
· Design, supply and install new polyester powder coated aluminium framed, thermally broken, double glazed windows to replace existing timber and steel framed windows throughout. Fabrication drawings to be provided for Employer approval prior to ordering. Fenestration to match existing generally. Colour TBC by Employer. Expected quantity of windows: 19no.
· Design, supply and install new composite external doorsets throughout to Logistic Building to replace all existing external doorsets. steel framed, polyester powder coated, double glazed where required, colour TBC by Employer. Fabrication drawings to be provided for Employer approval prior to ordering. Fenetration to match existing. Door furniture to be improved to heavy duty standards (i.e. 2 pairs hinges, stainless steel throughout, access control where required. Expected quantity of doorsets: 8no.

· Design, supply and install new insulated roller shutter doors, manual operation, with personnel doors where shown as existing. Fabrication drawings to be provided for Employer approval prior to ordering. Fenestration to match existing. Expected quantity of RS doorsets: 4no. (Note: 2no. RS Doorsets have been replaced recently).

· Where possible, new windows and doors to meet current minimum building regulations standards, 1.8w/m2K or lower

5.5 Sundry building work to Logistics Building
The Contractor is to price here for sundry work to the Logistics Building in relation to the roof replacement all as follows:

· Removal of existing mineral wool fire breaks at junctions between partition walls and steel frame roof structure complete
· New fire breaks to be installed to all junctions between partition walls and steel frame roof structure, and to comprise:
· Compressible inert fill

· 12.5mm Fireline board or similar to approval both sides of fire break as a means to contain and to provide stability for the fill. To be mechanically fixed to existing block work walling and to finish tight to underside of steel frame both sides, with fire rated mastic joints all round

· If required, provide chicken wire mesh or treated timber battens as substrate for board for extra support

· 12.5mm Fireline board to extend 1.0m minimum from underside of steel frame throughout

· Provide an extra over cost for the replacement of all pipe collars, vent ducts etc throughout the building to latest standards, using intumescent fittings from Envirograf or similar to approval
5.6 Rendering works to Logistic Building
The Contractor is to price here for all works in connection with the rendering works to the Logistic Building and as follows:

· It is the intention of BAS to provide additional thermal insulation to the Logistic Building, and to improve the external aesthetic. An externally applied thermal render would be the most efficient way of achieving both goals

· The proposal is to be presented to BAS as part of the bidding process. The Contractor is to use the existing information presented to formulate a proposal that will provide minimum building regulations thermal improvement to an existing element: 0.25w/m2K

· The finish and colour of the proposed external finish has not been decided, therefore any options presented will be discussed and agreed upon prior to commencement

· It will likely be necessary to remove existing cable tray mounting brackets in order to facilitate the works outlined above. The Contractor should allow for any temporary removal and reinstatement works required to allow this work to proceed

· The existing build up of the Logistic Building wall is unknown. It is presumed to have a small cavity filled with mineral wool. The Contractor may wish to allow for a destructive survey of the existing wall to determine any existing insulating properties

· The Contractor may wish to provide costing for both carrying out the works in phases, and as one continuous phase

5.7 Solar PV Installations
The main body of work will revolve around the installation of solar photovoltaic panels to the SCL and SB2 buildings on the BAS site. Generally BAS have a minimum requirement to meet in terms of energy generation. Provided this guideline is met, BAS will consider all proposals. An indicative scheme has been provided as part of this Specification. Specific requirements are as follows:

· BAS conducted an independent review of the structural suitability of the existing roof structure of the Logistic Building prior to submitting this tender. A copy of this report is included within the appendices ….. . In summary, the existing structure will not be affected by the proposed solar installation works. 
· A similar study has not been carried out for the SB2 building, therefore the Contractor is to allow for their own independent investigations for review by the Employer
The combined minimum solar PV generation target from both SB2 and Logistics Building roof is 450kWp
· A desktop study was carried out by others indicating this figure could be met by installing 1244 No. 400watt * Sunpower 400wp* panels across the two roof areas

· All cabling to be run to a new inverter array for each roof. It is proposed to install the SB2 inverter array opposite the solar car park array located on the corner of Science Pad 2. It is proposed to install the SCL inverter array to the North East elevation of Logistic Building. Both arrays will require a lean-to roof to protect from direct rain, however inverters are typically to be suitable for outdoor use

· All underground cable runs to be formed by the Contractor. Existing ducts are to be assumed to be unsuitable for use as it is not possible at this time to inspect existing duct sizes/available capacity

· The Contractor is to allow for a new exportation limiting device to connect to the existing mains network on site, as recommended by the DNO.

· The Contractor may wish to provide costing for both carrying out the works in phases, and as one continuous phase

5.7.1 Component 1: Solar Panels
The Contractor should propose specific type of solar panels based on the following parameters:
· Quality criteria, including Tier 1 products

· Panel efficiency

· Cloudy days and low light performance

· Product performance (power output) after lifespan

· Manufacturer reliability (solid reputation, test results, warranty, service) ensuring product continuity to backup any warranty issues.

It is important that the Contactor shall receive specific recommendations from the Manufacturer of the panels for earthing arrangements for the DC system to reduce or reverse the effects of the PID. This is mainly because of particular types of PV modules can be prone to potential induced degradation (PID), a voltage potential between the PV module and the ground that can reduce PV module performance. The effects of the PID can worsen in PV systems that experience high levels of humidity, temperature and soiling.
The PV module casing and pre-fitted connector cables should be double insulated (safety class ll) as recommended by BS 7671 for any system where the string voltage (VocSTC) exceeds 120Vdc in order to minimise the risk of fire and electric shock.

Using polarised connectors prevents incorrect polarity connections in the system. It is important that polarised connectors from different manufacturers are not coupled together and all connectors are suitably rated to ensure safe operation of the system.

A suitable bypass diode configuration should be selected with respect to the carport array layout (e.g. PV modules in landscape or portrait) and with respect to any potential shading to reduce the effect of shade on the output of a module.
Any PV module selected should be certificated to ‘BS EN 61730. Photovoltaic (PV) Module Safety Qualification’. Any structural glazing materials used in the construction of PV modules (as a superstrate or substrate) must also comply with the standard for safety glazing in ‘ANSI Z97.1-93. American National Standard for Safety Glazing Materials Used in Buildings’. If further safety testing of glazing is needed, reference to the BS 5516 Series ‘Patent Glazing and Sloping Glazing for Buildings’ should be made. In addition, further certification of PV modules under the Microgeneration Certification Scheme (MCS) product standard MCS 005 is welcomed.
All solar systems should use certified & CE marked PV modules. Crystalline modules should be certified to IEC 61215 & IEC 61730 and thin-film modules should be certified to IEC 61646 & IEC 61730.
5.7.2  Component 2: Inverters
In order for the system to integrate with our current PV monitoring and fault detection system, all Inverters and power optimisers should be manufactured by SolarEdge and be fully compatible with the SolarEdge monitoring system. 
Solar inverters should optimise output from the PV modules by using maximum-power point tracking of the string voltage.

Performance should be optimised delivering more energy for the system lifetime by controlling the PV system at module level. This way differences related to individual set of characteristics of each panel is accommodated. Monitoring each panel individually is essential in order to detect errors by the monitoring system. The inverters system should minimise the risk of reduced output due to shading or different orientation.
All panel level DC electricity should be kept next to the panels. Only when the inverters send a control signal should the system operate. In the event of a fire, or grid failure the fire brigade should be reassured that only the panels are ‘live’. Automatic shutdown feature of the system in the event of a fire alarm triggering and not just waiting for the main electrical isolator to be shut off should be included. All communication within the system should be performed through existing DC cabling which is the most reliable method of transmitting data.

Essential inverter beneficial elements required:
· Automatic shutdown of each module for maximum safety

· Wired communication, not wireless for better reliability

· Incorporates all communication and system control in optimisers and inverter

· Safe DC

· Individual module performance visibility

· Automatic alerts on system issues text/email

· Easy access online monitoring of individual panel performance and faults via computer, smartphone or tablet

· Centralised single point contact for onsite support and troubleshooting

The Contractor should advise on the available options for positioning location for inverters and electrical connections, taking into account the need for clear access to the car parking space. Safety and security of inverters should be considered when selecting technology options.
Inverters should be from SolarEdge and to be open protocol (BacNet or something similar) to allow potential connection to building management system.
In addition to the electrical characteristics of the PV array, the solar inverter(s) should be selected with respect to the distribution network connection capacity available.
All inverters should be CE marked, comply with BS EN 62109 Series. ‘Safety of power converters for use in photovoltaic power systems’ and BS EN 62116 ‘Utility-interconnected photovoltaic inverters’ and must be either type tested to the relevant Engineering Recommendation (G83/ G59/ G98/ G99) or have an additional G59 relay which has been witness tested by the DNO.

Type testing provides evidence that the inverter will provide the following protection to the distribution network: 

· Under-voltage 

· Over-voltage 

· Under-frequency 

· Over-frequency 

· Loss of mains 

5.7.3  Component 3: Mounting System
The PV glazing system should be well executed as such to reduce the use of materials and project costs. The system should also ensure water tightness, structural strength and fire resistance.
The design of the solar installation should include wind loading and wind induced effects (correct pressure coefficients chosen), self-weight of the PV module and mounting frame, snow loads, and loads imposed during construction .In the absence of existing standards, certification of a solar carport mounting system can be achieved under MCS product standard, MCS 012, demonstrating resistance to external fire spread, weather tightness and wind uplift resistance.

5.7.4 Component 4: System Losses

The system design, component selection and system maintenance plan should take into account a number of system losses involved in the functions and processes of the multifunctional solar car park system in order to mitigate their impact. System losses can be categorised as follows: 

· Solar conversion losses (solar cell temperature, PV module quality, PV module mismatch, soiling, shading, internal wiring losses) 

· DC/AC Conversion losses (inverter efficiencies, MPPT losses50, EV charging efficiencies) – Distribution losses (resistive connections, I2 R losses51) 

· Auxiliary system losses (power consumption for ventilation/ monitoring/ control systems, inverter power consumption at night) 

· Downtime losses (grid conditions, faults, component failure, maintenance, restricted distribution network connection) Current guidance on voltage drop in conductors should be observed i.e. maximum 5% for AC distribution circuits, 3% for DC circuits, 1% for AC inverter circuits and 1% for solar circuits.

5.7.5 Component 5: Monitoring

Appropriate monitoring and control systems should be selected and installed for the safe operation of the whole system. 
A number of the components installed will have their own inbuilt monitoring systems, such as the inverters and DC combiner boxes.
It is a requirement that the proposed system includes the capability of remote monitoring of each panel performance individually through an online platform in order to identify potential issues.
5.8 Electrical design considerations

There are a number of safety legislation, standards and considerations that should be factored in to the system design. All components should be designed, manufactured and tested in accordance with relevant safety standards (see Appendix A for more details). The electrical system as a whole will need to comply with the following regulations; 
•
Electricity at Work Regulation 1989

•
Electrical Safety, Quality and Continuity Regulations 2002

•
Electrical Equipment (Safety) Regulations 2016

•
Electromagnetic Compatibility Regulations 2016 

•
Control of Electromagnetic Fields at Work Regulations 2016 – BS 7671 (IET Wiring Regulations) 

•
ENA Engineering Recommendations G59, G83, G100, G98 or G99 (as appropriate) 
•
BS7671:2008 Requirements for electrical installations

•
CIBSE Guide F 2012, Energy efficiency in buildings

•
CIBSE Guide K, electricity in buildings

•
Building Regulations Part L2A 2013 and associated Codes of Practice

•
The Health and Safety at Work, etc. Act 1974

•
The Health and Safety at Work Regulations 1992
5.9  DC system

Unlike other DC circuits, PV arrays do not provide a fixed voltage and/ or current output, as this varies with the solar irradiance and operating temperature the PV modules are exposed to. It is therefore important to ensure that other components within the system are able to tolerate the maximum voltage (open-circuit voltage, Voc) and current (short-circuit current, Isc) that the PV modules, strings, and arrays can produce.
For PV circuits it is recommended that the minimum rating for all DC components should be established, using the crystalline PV module characteristics under standard test conditions (stc), as Voc (stc) x 1.15 and Isc (stc) x 1.25.

For non-crystalline PV modules, the Voc and Isc should be calculated from manufacturer’s data as the maximum value under the conditions of irradiance: 1,250 W/m2, temperature range: -15°C to 80°C, including any increased electrical rating expected during the ‘soaking in period’. 
As PV modules generate electricity whenever exposed to daylight they should always be considered to be live, as should all connected DC components. Particular care needs to be taken to mitigate electrical shock and fire hazards during the installation, operation and maintenance of systems.
5.10  DC connectors
DC solar connectors should be class II rated and certified in accordance with BS EN 50521 ‘Connectors for photovoltaic systems – safety requirements and tests’. 
To ensure safe functionality, only DC solar connectors of the same type and from the safe manufacturer should be connected together and assembled as per the manufacturer’s specification. This is to avoid fire risk from poorly fitted, specified or mismatched DC solar connectors.
All live DC connections should be protected and located out of the reach of the general public.

All DC connections should be periodically checked to confirm that they are tight and secure (referring to manufacturer for torque setting).
5.11  DC isolation and circuit protection

PV cells are current-limiting devices and therefore the short-circuit current of a PV module; string; or array is not much bigger than the operational current. DC isolation and circuit protection requires careful selection. 
The selection and specification of DC safety equipment depends on the inverter configuration and earthing arrangements. Current discrete RCD technology is not suitable for the protection of DC circuits. All system components should be specified in line with BS 7671. 
DC isolators are a safety-critical component. The poor design, selection and installation of DC isolators has been the cause of a number of system failures and on occasion leading to other more serious incidents, such as fire. Suitable methods should be used to isolate the system at; PV string, PV sub-array, PV array and battery level. Not all methods are suitable to break DC circuits under load, i.e. DC connectors and removable fuses. 
Switch-disconnects provide both load-break-switching and isolations function. DC switch-disconnects must comply with BS EN 60947, shall not be polarity sensitive and must isolate all live conductors.
Suitably specified double pole DC isolation devices should be installed as close as possible to, or as part of, overcurrent protection devices for both PV arrays and batteries (regardless as to whether they are connected to the DC or AC side of a system). 
Effective DC protective devices safeguard equipment against adverse operating conditions and help to ensure that the system is safe. The DC side of the system should be protected from overcurrent and overvoltage. 
String fuses are required when the short-circuit current from a number of parallel PV strings is greater than the maximum series fuse rating of a single PV module. String fuses are installed at the point where PV strings are connected in parallel, typically a DC combiner box or inside the inverter. The earthing arrangement for the PV array will dictate whether one or both string cables require overcurrent protection.
DC combiner boxes provide easy access and simple arrangement of protective and isolation devices for larger systems. The DC combiner box should be rated for the maximum voltage and current conditions (under stc) of the system and take into consideration segregation between positive and negative parts, permitting safe installation and maintenance and to minimise the risks of arcs. All enclosures should be manufactured using insulating materials with self-extinguishing properties to help minimise the fire risks.
DC insulation faults can occur for a variety of reasons; water ingress, environmental damage to insulation, damage to cables etc. Selecting quality, robust components and following good installation practices will minimise the likelihood of problems developing; however, it is important to implement fault-detection measures. Earth insulation resistance and residual current monitoring devices should be utilised to detect insulation faults and trigger earth fault alarms; these can either be incorporated within inverters or provided by separate devices. 
There are three types of DC arcs; series, parallel and ‘to ground.’ DC series arc fault detection is normally provided as a protective device integral to the inverter to reduce the risk of fire should a series arc develop. Rapid shutdown devices are also available that isolate the affected part of the circuit down to PV module level should a DC arc be detected. An assessment should be made of the risk posed by potential DC arc faults and how best to mitigate these within the system. 

All DC isolation and circuit protection equipment should be easily accessible and clearly identified on electrical schematics and safe isolation procedures.
Access to any uninsulated conductors and batteries should be restricted and arranged so that it is not possible to touch simultaneously two uninsulated conductive parts with a potential difference of >120Vdc.
5.12  AC system
As with any electrical installation in the UK, multifunctional solar car systems are required to be designed and installed in compliance with the current wiring regulations, BS 7671.
5.13  AC Isolation and circuit protection

In order to facilitate safe installation and maintenance, the inverter must have its own accessible and lockable AC switch that isolates all phase and neutral conductors. This switch may be part of the inverter.
For multiple inverters, an additional ‘main’ AC isolator should be installed to disconnect all inverters simultaneously. Often this is facilitated as part of a dedicated sub-distribution board.
All AC isolators should be rated to break the circuits safely while under maximum load. 
An over-current protective device should be provided for each inverter circuit, and RCD protection should be provided in accordance with BS 7671. All protective devices should be selected in accordance with the inverter manufacturer’s instructions.

5.14  Cabling
Cables should be rated for the maximum voltage and current-carrying capacity for the circuit as per BS 7671 and specified to ensure safety, reliability and to minimise voltage drop and energy losses. Inverters continuously monitor the supply voltage and frequency, and nuisance tripping may occur if there is a significant voltage drop between the distribution network connection point and the inverter. 
All cables should be identifiable by colour and alphanumeric marking and selected and installed so as to minimise the risk of earth faults and short-circuits, using double insulated or reinforced cables will help achieve this. PV cables are required to comply with BS EN 50618 ‘Electric cables for photovoltaic systems.’ Consideration should also be given to the routing of cables, ensuring selected cables provide adequate resistance to any environment that they may experience, i.e. moisture, sunlight, heat, chemicals, abrasion or animal damage. AC and DC cables should be separated and clearly identified. 
Adequate space should be provided for the routing of cables to enable good installation practices. All cables and connections should be adequately supported using conduit, cable cleats, cable clips, cable ties etc. to minimise the stress from wind or thermal effects and to provide safe continual operation throughout the lifetime of the system. 
5.15  System earthing and bonding

Systems earthing must satisfy the requirements of the Distribution Licence issued by the DNO. The design and selection of suitable earthing and bonding arrangements will ensure hazards are minimised by providing an appropriately low impedance path for earth, fault and lightning currents.
Earthing and bonding of the AC side of the system should be completed in accordance with BS 7671, conform with the requirements of BS 7430 ‘Code of Practice for protective earthing of electrical installations and BS EN 50522 Earthing of Power Installations Exceeding 1kV AC,’ satisfy the DNOs requirements and comply with equipment manufacturer’s instructions.

As per BS 7671, the type of earthing arrangement on the supply circuit (i.e. TN-C, TN-S, TN-C-S or TT) will dictate how adequate protection against electric shock should be. The earthing and bonding arrangements detailed in Table 8.1 should be considered for all multifunctional solar systems, and the most demanding requirement applied. Earth cables should be laid parallel and in close contact to DC cables to reduce the risk of multiple paths to earth and should be appropriately sized to afford sufficient conductance.
5.16  Metering
The energy metering system should include electrical meters for the:
•
Electricity generated (at point of generation) x 2
•
Electricity exported (at the point of connection between the installation and the distribution or transmission network) x 1 as specified by the DNO.
The works must include the incorporation of metering to monitor cumulative energy generation (kWh) and rated output (kW) which is compatible with the BAS Energy Monitoring System provided by Elcomponent.

5.17  Lighting and surge protection
The possible effects of a direct or indirect lightning strike need to be considered. A lightning and surge protection risk assessment, including of data or control circuits and existing lightning protection system (LPS), should be carried out according to BS EN 62305.
If the risk assessment indicates the need for lightning and surge protection then appropriately rated devices must be selected and installed in the correct lightning protection zone (LPZ) as detailed in BS EN 62305. For multifunctional solar car parks this will normally mean the installation of Type 1 and/ or Type 2 surge protection devices (SPDs).
5.18 Design Life
All solar installations, including associated equipment should be designed in accordance with the expected design life outlined in CIBSE Guide M.

5.19  Decommissioning plan – End of life considerations
The project should be designed with decommissioning and end of life responsibilities, in accordance with the good practice required by the CDM regulations. This should not only include the practicalities of dismantling and removing the infrastructure of the solar systems, but also detail how the waste will be dealt with, any associated environmental impacts and what restoration work is required/ will be completed.

The decommissioning plan should clearly state how the applicable waste regulations  will be met, identify any reusable or recyclable components of the system and how these will be managed (i.e. through compliant waste management services such as PV Cycle ), and detail how other waste will be segregated and disposed of.
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