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The views expressed herein are not necessarily the views of the Australian 
Government. The Australian Government does not accept responsibility for any 
information or advice contained within this document. 

 

This project received funding from the Australian Renewable Energy Agency (ARENA) 
as part of ARENA’s Advancing Renewables Program. 
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1. Introduction  

Alinta has completed the construction of its Chichester Solar Gas Hybrid Project (the 
Project) in the Pilbara region of Western Australia (WA).  On behalf of the Australian 
Government, the Australian Renewable Energy Agency (ARENA) has provided funding 
support of $24.2 million for the Project as part of its Advancing Renewables Program.  
The Northern Australia Infrastructure Facility (NAIF) has also provided a loan of 
approximately $90 million for the Project.  A condition of the funding support from 
ARENA is that Alinta provides a series of reports summarising the lessons learnt from 
each stage of the project lifecycle. 

This report has been prepared in accordance with Alinta’s knowledge sharing 
obligations under the Funding Agreement reached with ARENA. The Report describes 
the challenges, issues and lessons learnt for the Project from financial close through 
to the completion of construction.  
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2. Other Lessons Learned Reports 

This is the second of a series of four lessons learned reports to be issued, each 
focussed sequentially on a specific lifecycle phase of the Project.  

Lessons Learned Report 1: Inception to Financial Close 

This report has been issued and accepted by ARENA. It covers the period from project 
inception to financial close, which occurred on 27 November 2019.  

Lessons Learned Report 2: Financial Close to Completion of Construction 

This report, issued in November 2021. 

Lessons Learned Report 3: Energisation, Commissioning and Testing 

This report is expected to be issued in December 2021 to cover the energisation, 
commissioning and testing phase which occurred prior to Practical Completion. 

Lessons Learned Report 4: Operations and Maintenance 

This report will be issued approximately 6 months after the commencement of 
operations and maintenance of the Solar Farm. It is expected to be issued in 
March 2022. 
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3. The Project  

Alinta has constructed a 60MW AC Solar Photovoltaic (PV) power station with 
interconnecting infrastructure in the Pilbara to supply electricity to Fortescue Metal 
Group’s (Fortescue) Chichester Hub mining operations. Fortescue is Alinta’s second 
customer on its Pilbara inland power system, the first being Roy Hill’s Iron Ore mine. 
The Project is the first example of large-scale renewables in both low inertia grids and 
remote mining operations in Australia. Alinta’s Pilbara inland power system now 
includes six sources of generation: 

• Alinta’s Newman gas turbines; 

• Alinta’s Newman battery; 

• Alinta’s Roy Hill diesel generators; 

• Fortescue’s Christmas Creek diesel generators; 

• Fortescue’s Cloud break diesel generators; 

• Alinta’s Solar PV facility; 

and 4 load centres: 

• Alinta’s Newman battery; 

• Roy Hill Iron Ore’s mine; 

• Fortescue’s Cloudbreak mine and 

• Fortescue’s Christmas Creek mine.  

The complete power system will integrate PV cells, lithium-ion batteries, diesel fired 
reciprocating engines and gas turbine technologies across five physically distributed 
locations.  

The project is located in the Pilbara region of Western Australia, near the Chichester 
Ranges approximately 150km North of Newman.  

The graphics below illustrate the location of the infrastructure (highlighted in green):   
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Figure 1: Project Location Overview 
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Figure 2: Detailed Project Location  

 

Figure 1 and Figure 2 above for an overview of the location of the 
infrastructure. The distance from Alinta’s Newman Power Station to the Roy Hill 
substation is 121km. The new 220kV transmission lines which will feed power to the 
Christmas Creek and Cloudbreak mines are 26km and 35km respectively. The total line 
distance across the network is therefore spans approximately 182km.  
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3.1. Contract Arrangements 

The Project is being delivered under two Engineering, Procurement, Construction 
(EPC) Contracts, one for the Solar Farm and one for the electrical distribution 
infrastructure, including transmission lines, substations and customer interface works. 
Both EPC Contracts were awarded to the same contractor. Alinta also entered into 
separate contract arrangements with an electrical equipment manufacturer to supply 
a number of long lead items, including three primary transformers and 220kV 
switchgear. 

A Development Agreement (DA) was executed between Fortescue and Alinta to set 
out the term, conditions and requirements for engagement between the parties 
during the delivery phase of the project. Once each separable portion achieves 
Practical Completion under the DA, the DA falls away in all material respects and the 
Power Purchase Agreement (PPA) comes into force.  Practical Completion under the 
EPC and DA occurred/is expected as follows: 

 EPC Contract DA 

Separable Portion 1  
(Supply to Christmas Creek mine) 

June 2021 (A) July 2021 (A) 

Separable Portion 2 
(Supply to Cloudbreak mine) 

August 2021 (A) October 2021 (A) 

Solar Farm December 2021 (F) December 2021 (F) 

(A) denotes Actual date achieved; (F) denotes Forecast date 

3.2. Project Scope  

The scope of the Project comprises: 

1. Construction of a new, single circuit 220kV overhead transmission line 
between the existing Roy Hill 220kV substation and a new 220/33kV substation 
at the Christmas Creek mine; 

2. Augmentation of the existing Roy Hill 220kV substation to accommodate the 
new transmission line; 

3. Construction of a new Christmas Creek 220/33kV substation;  
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4. Construction of a 33kV transmission line to a new 33kV/11kV transformer at 
the Christmas Creek Mine Power Station and a 11kV underground cable 
connection to the Christmas Creek Mine Power Station 11kV distribution 
board; 

5. Detailed design, engineering, procuring, constructing, installing, testing and 
commissioning and performance trials of the infrastructure, systems and 
equipment required to provide a fully operational 60MW AC Solar Farm 
connected to the Christmas Creek 220/33kV substation; 

6. Construction of a new single circuit 220kV interconnecting overhead 
transmission line between the Cloudbreak 220kV substation and the Christmas 
Creek 220kV substation, and the interfacing with Fortescue Cloudbreak mine 
facility; and 

7. Construction of a new 220 / 11kV Cloudbreak Substation. and a 11kV overhead 
/ underground cable connection to the Cloudbreak Mine Power Station 11kV 
distribution board. 

3.3. Key Project Objectives 

Key objectives of the Project are to demonstrate: 

• Significant penetration of an intermittent renewable energy source for mining 
operations;  

• The ability of solar and battery storage to meet 100% of the load (as forecast 
on execution of the DA) for Fortescue’s mining operations; and 

• Improved system security and reliability in a low inertia grid with intermittent 
renewable generation and battery storage. 

The Project will also aim to demonstrate that: 

• A mining operation can run solely on solar power with battery storage during 
the day; 

• Miners can operate in a “business as usual” manner when being supplied by 
an intermittent renewable generation source along with battery storage; and 
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• Integration of renewables into an existing generation portfolio can facilitate 
further electrification of diesel-powered auxiliaries.  

The Project will displace Fortescue’s current aging fossil fuel fired (diesel) fleet of 
generators. Once operational, the diesel generators will only be utilised in abnormal 
circumstances such as black start, network support or outages.  

The Project will optimally dispatch solar, gas, diesel and battery storage to meet the 
continuously varied load demands of both key users while maintaining network 
stability and maximising the renewable generation. 

 

 
Figure 3: New Christmas Creek Substation 
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4. Timeline and Cost Outcomes 

This section outlines the performance of the project against budget and the baseline 
schedule. 

4.1. Project timeline 

Delivery of each of the separable portions of the project has been materially delayed. 
Refer to the table below for key dates. 

 Date for completion 
under both the EPC 
Contracts and 
Development 
Agreement* 

Date that Practical 
Completion has been (or 
is expected to be) 
completed under the 
EPC Contracts 

Date that Practical 
Completion has been (or 
is expected to be) 
completed under the 
Development 
Agreement 

Separable Portion 1 
(Christmas Creek Mine) 

1 December 20 18 June 21 23 July 2021 

Separable Portion 2 
(Cloudbreak Mine) 

10 April 21 31 August 21 16 September 2021 

Separable Portion 3 
(Solar Farm) 

14 May 21 5 December 2021 5December 2021 

 

 

A number of factors have impacted on the project schedule, including the impact of 
the COVID-19 pandemic and inclement weather events. 

4.2. Project costs  

The Project Budget was $209.9m. The breakdown of projects costs is shown in Figure 4 
below. 

*Includes 26 day suspension applied immediately after financial Close 
and does not take into account contractually permitted extensions to 
the Dates for completion. 
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Figure 4: Capital Cost breakdown at commencement of construction 

 

The capital cost of the project is expected to be $211.7m, an exceedance of budget by 
approximately 1%. A breakdown of actual costs is shown in figure 4 below, which can 
be compared to budget costs. Key areas of cost over-runs include agreed variations to 
the EPC Contracts, prolongation costs, long lead items, integration, internal labour, 
external advisors and insurance. 

 

Figure 5: Capital Cost breakdown at completion of construction 

While the information above focusses on capital cost impacts, it should also be noted 
that delays in completion of the project have resulted in delays to the commencement 
of revenue under the PPA as initially forecast.  
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5. Design 

The design, procurement and construction for the vast majority of project scope was 
the responsibility of the EPC Contractor.  

5.1. Design Constraints 

Design inputs for the EPC Contractor to consider included the Principal Project 
Requirements (PPRs) within the EPC Contract, land tenure constraints and Fortescue 
operational requirements.  

One key challenge faced by the designers was in attaining an appreciation of design 
constraints, particularly the layout of new infrastructure in and around existing mining 
operations and having due regard for tenure constraints. One example related to the 
use of overhead lines versus underground lines adjacent the Cloudbreak Power 
Station. While an overhead solution is generally more cost effective and easier to 
maintain, it can restrict access for cranes and other mobile plant in the future. Where 
new infrastructure is in the vicinity of operational assets, understanding the operators 
concerns and requirements from the outset is important so that design changes can 
be made at the concept design phase resulting in little or no cost and time impact.   

Of critical importance was ensuring that all new infrastructure was located within the 
correct tenure under all design conditions. As a good example, the transmission line 
had to be positioned so that conductors remained within Alinta tenure under the sway 
from design wind conditions.  

In the case of transformers, the designer must be cognisant of the extent of the fire 
zone around the transformer bunded area, particularly if the fire zone has potential 
to extend beyond tenure. Even if there are currently no structures that are currently 
impacted by the fire zone, the fire zone may limit the ability to build a structure in the 
future.  

Another design issue that presented challenges was the phenomenon of electro-
magnetic interaction between new electrical cabling (whether in ground or above 
ground) and existing operational infrastructure. All cables carrying current create a 
magnetic field around them. Where this magnetic field interacts with metallic 
infrastructure such as pipelines, fences, cables or the like, electrical potential can be 
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induced into that infrastructure. These potential interactions should be considered 
early in the design phase during layout planning.  Once the potential for such 
interactions is minimised, studies still need to be undertaken to demonstrate that the 
new electrical infrastructure will not induce unacceptable potentials to existing 
operational infrastructure.  

5.2. Safety in Design  

A detailed Safety in Design Plan is essential for any large-scale energy infrastructure 
project. Minimum requirements for Safety in Design were outlined within the 
Principal’s Project Requirements of the EPC Contract. The earliest Safety in Design 
engagement across all stakeholders is desirable to minimise the impact of changes. 
Alinta would consider a full-time resource allocated to drive the Safety in Design 
agenda for similar projects in the future.  

5.3. Change Management 

The Project was highly complex in nature due to the technical challenges of 
augmenting an existing operational power network with new customers and 
constructing new assets in and around operational mining infrastructure. With these 
challenges, and multiple stakeholders, a clear and documented process for change 
management was critical to ensuring proper management and communication of all 
changes to the design. 

5.4. Design Lessons Learned 

1. When constructing new equipment in the vicinity of operating assets, ensure 
that requirements and constraints imposed by the operator are well 
understood from the outset of the design process. A fully comprehensive 
safety in design process must be followed and all affected stakeholders must 
be represented at each stage of design review and the associated Hazard and 
Operability study (HAZOP) processes. 

2. The design must validate that new infrastructure is located within the correct 
tenure under all design conditions, including transmission lines under the sway 
of design wind conditions. 
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3. When locating transformers, consider the potential fire zone not just in terms 
of existing structures, but also in terms of tenure.  

4. Carefully consider electromagnetic interactions between all new cabling in the 
vicinity of existing assets to ensure the design accommodates. 

5. Ensure the Contractor establishes a detailed Safety In Design Plan in 
accordance with Contract requirements and monitor delivery in compliance to 
the plan. 

6. As with any complex project with multiple stakeholders, a comprehensive 
Change Management Plan is important to ensure the correct and agreed 
process is followed and all relevant stakeholders engaged.  
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6. Procurement 

The majority of procurement was undertaken by the EPC Contractor. However, Alinta 
self-procured the main transformers and high voltage switchgear as these items have 
very long lead times. The procurement scope for the transformers included delivery 
to site, lifting into its final position, on-site fit-out and testing. On completion of this 
scope, the EPC Contractor then completed the High Voltage (HV) and Low Voltage (LV) 
terminations into the transformers. 

On the whole, early procurement of long lead items was an effective strategy. It took 
the long lead items off the critical path, which was particularly important given the 
risk of potential delays the vendor was facing with the outbreak of COVID in China. 
The adopted strategy of procuring these critical components so that they were on 
Australian soil at the earliest possible opportunity mitigated a material risk to the 
project schedule. This strategy, however, introduces liability and risk should the 
equipment not be correct or perform as specified. An alternative model is to enter 
into an Early Services Agreement with the EPC Contractor whereby the Principal 
agrees to pay certain early services milestones for early procurement activities. This 
keeps the entire scope within the EPC Contract but puts the money tied up with these 
early milestones at risk should the project not proceed. 

Similarly, the EPC Contractor adopted a strategy of procuring all major procurement 
items at the earliest possible opportunity. Procurement for transmission tower 
steelwork, cabling, piles, solar panels, inverters, substation equipment etc all 
appeared to be managed well. The EPC Contractor utilised the ample laydown area to 
store components until required by the construction team. 

6.1. Procurement Lessons Learned 

1. Procurement contracts for long lead items such as main transformers and HV 
switchgear may be an effective strategy for mitigating schedule risk. 

2. Where possible, allow ample laydown areas to enable early procurement and 
storage of equipment, components and materials. 
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7. Project Execution 

The vast majority of the project scope was delivered under the EPC Contracts. The EPC 
Contractor worked under their own Project Execution Plan and sub-plans, and its own 
safe systems of work. Alinta’s role was to review the plans (where specified in the EPC 
Contracts) prior to implementation and categorise them as meeting requirements, or 
request resubmission. Once the various plans were accepted as meeting the 
requirements, Alinta’s role was to oversee their implementation through formal audit 
processes or informal observations. 

7.1. EPC Contractor Project Resourcing 

The project faced challenges relating to resourcing during the construction phase.  

7.1.1. Alinta Resource Model 

Alinta maintains a core competency for project delivery through its Construction 
Group, however this Construction Group requires significant supplementation at 
times of project delivery. The standard model is the assignment of an internal Project 
Director, Project Manager and Project Engineer, with professional services 
agreements implemented to support with project management functions and 
engineering support. 

At the commencement of the construction phase, Alinta engaged a third-party 
consultancy to provide project management services including risk and issues 
management, commercial management, schedule management and site 
representation. The engagement model proved to be sub-optimal with insufficient 
engagement between the Alinta project team and the consultant representatives. A 
key learning is that supplementing the internal team with Subject Matter Experts 
(SMEs) from consultancies may work well on a greenfield project, a brownfield site 
with complex interactions around existing infrastructure and operations requires an 
alternative approach. 

A better model for a complex brownfield infrastructure project such as this is direct 
recruitment and engagement personnel from the market on fixed term contracts. 
Alternatively, they can be sourced from labour hire ‘agencies’, but the point is that the 
team needs to be fully embedded. That is, the project management team should be 
located together, should share resources and have a corporate identity. This 
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embedding enhances collaboration and engagement, but also ensures the corporate 
culture cascades through the entire team. It is our experience that this model is far 
more effective in creating a team with clarity on the expectations and alignment on 
their responsibilities. 

Factors to be considered that will likely require additional resourcing include: 

• The geographical spread and extent of the site; 

• The additional monitoring requirements of contractor works due to the 
brownfield nature of the project; 

• The fact that the site works continue seven days per week; 

• The nature of the ‘back-to-back’ agreements with Fortescue and the EPC 
Contractor; 

• The demand on the engineering and integration teams to plan and implement 
energisations, testing and commissioning in a way that safely incorporated 
new customer loads into an existing network while ensuring the continuous 
supply to the existing customer demanded extraordinary levels of resourcing. 

The project team ‘in-housed’ as much of the engineering as possible. This not only 
proved to be more cost effective than outsourcing the engineering tasks to an external 
consultant but has the added benefit of keeping more of the intellectual property 
within the organisation. If you have an engineering team, use them. 

A resource plan should not only map out the forecast resourcing requirements to a 
high degree of detail, it should also incorporate a plan for further supplementation if 
need be. The risk of not having sufficient resources at times of highest resource 
demand is an overworked team who are fatigued, demotivated and less productive.  

There are also clear benefits to early engagement of the construction team prior to 
financial close. An overlap of at least six months is desirable, to allow sufficient time 
to provide input to key contracts, familiarisation with stakeholders, preparation of 
project execution plans, support for enabling works and implement the resources 
plan. 
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7.1.2. Stakeholder Management 

A Stakeholder Management Plan was prepared at the commencement of the 
construction phase to identify key stakeholders and map out appropriate levels of 
engagement based on the stakeholder’s interest in the project and their ability to 
influence project outcomes. Key external stakeholders included the traditional 
owners, the Nyiyaparli People (traditional owners of the land) and the pastoralist who 
run free-ranging cattle over the site. There was no local community with the nearest 
town (Newman) being some 150km to the south.  

Alinta’s agreement with the Nyiyaparli People sets out requirements for cultural 
awareness training and employment measures for any project Alinta undertakes on 
their traditional lands. These requirements were passed through to the EPC 
Contractor via certain provisions in the EPC Contracts. The contractor faced challenges 
in organising face to face cultural awareness training due to COVID-19 restrictions. 
Aboriginal people were identified as particularly vulnerable to the COVID-19 virus 
which made face to face workshops impossible for significant periods of time. As a 
consequence, many of the sessions were completed online as a Teams call. These 
sessions were considered to be effective, but the preference remains face to face 
engagement. 

Alinta leveraged the project to enrol over 70 of its own staff through cultural 
awareness training, either face to face in Perth or on-line with people in other states. 
Alinta also created an on-line module focussed on aboriginal cultural awareness and 
inclusion, and encouraged every staff member to complete the module. 
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7.1.3. Health, Safety and Environmental Management 

The safety record for the project is tabulated below: 

Item  

Site Hours Worked 580,000 

Leading Indicators  

Site Inductions Completed 1,360 

Toolbox Meetings Completed 80 

Safety Inspections Completed 1,178 

Safety Conversations Completed 1,148 

Audits Completed 23 

Lagging Indicators  

Lost Time Injuries 0 

Medical Treatment Injuries 5 

Total Recordable Injury Frequency Rate 8.8 

Significant Incidents (high potential) 9 

Notifiable Incidents to Regulator 0 

First Aid Cases 88 

Near Miss Reports 23 

The Medical Treatment Injuries are as follows: 

• Lacerations and torn ligaments in ankle due to interaction with solar farm 
piling rig; 
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• Pinched finger when removing cable pulley from cradle; 

• Hand laceration when stowing flatbed ramps into chassis frame; 

• Pinched finger when placing piece of angle steel into utility vehicle; 

• Operator’s finger jammed in door of telehandler resulting in fractured finger 
bone. 

One of the key challenges around health and safety centred around the geographic 
spread of the site and the diversity/complexity of works being conducted at any 
point in time. 

Alinta did not initially plan to engage a full-time site based H&S Representative on 
the basis that the EPC Contractor has control of the works and primary 
responsibility for safety, and would operate under their own safe systems of work. 
Alinta’s initial view was that it would review the EPC Contractor’s Health and 
Safety Management Plan and all supporting documentation for adequacy. Once 
satisfied that the Health and Safety Plan was fit for purpose, Alinta would then 
execute a series of H&S Audits to ensure the H&S Plan was being delivered in full 
compliance. In addition to the audit plan, Alinta engaged three Site 
Representatives rotating through 2 week on, one week off shifts and it was 
thought that the Site Representatives would provide an adequate level of H&S 
oversight across the site. However, once the number of activities and work fronts 
expanded, it became evident that a full time site based H&S Representative was 
necessary to provide appropriate levels of management and oversight. One driver 
for this significant workload was that incidents, hazards and near misses were 
often recorded, investigated and closed out across the H&S Management Systems 
within three organisations, creating duplication in effort.  

It was a requirement of the Development Agreement and the EPC Contracts that 
any works undertaken at the Fortescue switchboards or when interfacing with 
Fortescue equipment required compliance with Fortescue’s policies and systems. 
This requirement added further coordination and complexity at these interface 
areas. Any incidents which occurred in the vicinity of Fortescue infrastructure on 
Fortescue tenure, on Fortescue roads or in their camp were required to be entered 
into Fortescue’s corporate Business Management System (BMS), investigated and 
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closed out in accordance with Fortescue requirements. Ultimately, this complexity 
resulted in Alinta providing ‘monitors’ to oversee works at all Fortescue interface 
points. The monitor’s sole purpose was to ensuring that the EPC Contractor was 
fully complying with the approved work methodology, risk assessment and job 
safety analysis. 

The solar farm presented a unique set of H&S challenges. Firstly, the work was 
very laborious and monotonous. A total of 26,500 piles were driven and 
167,000 panels were installed. Ensuring that a zero-harm mentality is at the 
forefront of the team’s mind when the work undertaken is so repetitive was a 
focus of the EPC Contractor safety team. The H&S record was reasonable, with 
only one Medical Treatment Injury recorded in the solar farm. 

The Pilbara summer is unrelentingly 
hot, often exceeding 40 degrees 
Celsius in the shade. Along with the 
heat, it can also be quite humid. The 
heat and humidity go hand in hand 
with swarms of flies. Strategies 
needed to be developed to manage 
the wellbeing of workers under 
these conditions, and this was 
documented in a Hot Working Plan. 
Strategies included early start - early 
finish, regular rest breaks, 
distributed ice buckets and 
temporary shading. However well 
managed, the heat of summer will 
result in a decline in productivity 
which needs to be allowed for.  

Fatigue Management was a 
significant issue. Ultimately, the 
Alinta team managed compliance of the EPC Contractor to its Fatigue 
Management Plan by cross referencing to flight and accommodation bookings. In 
principle, anyone staying beyond their maximum continuous on-site period 

Figure 6: Christmas Creek Control Room 



 Fortescue Alinta Solar Gas Hybrid Project  
Lessons Learnt: Design and Construction 

 

 

Page 25 of 45 

needed approval from Alinta after demonstration that the risk had been mitigated 
to acceptable levels. The Alinta team also faced extreme demands on their time at 
critical points in the project. The Alinta management team is based on a standard 
working week arrangement, whereas the works on site are continuous, 7 days per 
week. This resulted in managers getting very little down time as they would still 
receive calls and emails from site over the weekend. A lesson learned from the 
project is that non-site-based management should properly rest over weekends 
and be protected from continuous queries from site. This could be done by 
nomination of one manager to take a weekend shift every four weeks (say) and 
receive time in lieu for the weekend worked. Alternatively, two site-based 
Construction Managers could provide the coverage needed to manage site issues 
at a site level. 

The transition of assets from construction to operations was completed in a staged 
manner, asset by asset. Assets were only transferred once the Head of 
Construction and the Head of Operations signed off the relevant Handover 
Certificate. Once Operations took control of an asset, the Operations team 
became responsible to managing and controlling any works under their safe 
systems of works. This means that any completion works required to be done by 
the EPC Contractor required permits issued by the Operation teams, which is a 
significant drain on resources. For this reason, it is beneficial that the transfer to 
operations be done as late as reasonably practicable. 

7.1.4. Vehicles and Mobile Plant 

All EPC Contractor trucks, buses, vans and any other vehicles utilising the 
Fortescue road network were required to comply with Fortescue policy. This 
meant that all vehicles had to be ‘passed in’ either using the Fortescue mechanics 
or through a person who had become authorised to pass in vehicles on behalf of 
Fortescue. 

Fortescue required that in vehicle management systems (IVMS) be installed on all 
vehicles that would be utilising Fortescue roads. The IVMS tracks the vehicle’s 
movement via GPS, providing a real time view of indiscretions such as speeding, 
harsh braking and failure to stop at stop signs. The assigned project manager 
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would get SMS and email alerts for any vehicle that was speeding, and or if an 
incident had occurred. 

7.1.5. Flights and Accommodation 

Fortescue agreed to provide camp accommodation and flights for Alinta and its 
contractors for the performance of the works. Fortescue operate a number of 
mine villages across the Chichester sites. The JV camp was selected by Fortescue 
to accommodate workers on the project. The intent was that Alinta provide 
Fortescue with a man-power histogram each month illustrating a 3-month rolling 
forecast of accommodation and flight requirements. Any changes to the 
requirements set out in the 3-month rolling forecast should be notified to 
Fortescue no less than twenty business days before the day the services are 
needed. These requirements were set out in the Development Agreement and the 
EPC Contract. 

As a lesson learned, the EPC Contractor should be incentivised to manage the 
resource forecast to a high degree of accuracy. This could be done through 
penalties for unutilised flight and accommodation. 

7.1.6. Risk and Issues Management 

Alinta Energy defines risk as any impediment which may arise with the potential 
to affect the organisation’s ability to meet business objectives and achieve desired 
outcomes. 

It is an Alinta requirement that project risks are actively and continuously 
identified and managed throughout the project lifecycle.  Alinta has a Project Risk 
Management Standard, consistent with the Australian Risk Management Standard 
AS 31000, that outlines the risk management processes applicable to the 
management of the planning and delivery of its major projects to: 

• Ensure appropriate evaluation and management of project risk exposures; 

• Assist in the achievement of expected business objectives; and 

• Meet desired outcomes, consistent with the Alinta Energy Risk 
Management Framework and Risk Management Policy. 
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The role of Risk Management within the project management activity is to provide 
a consistent basis for decision-making related to the evaluation and control of the 
identified risks which, if not appropriately managed, could potentially disrupt or 
impact the various key project activities associated with the planning and delivery 
of major projects. 

The identification of risks includes documenting the source, risk category, business 
consequences, impact and likelihood of the risk. The risks are captured in a risk 
register (Project Risk Register) and the Project Risk Register continues to be 
updated at various stages of the Project. 

The assessment of risks included determining the probability of the risk occurring 
and consequences if the risk crystallises and finally the level of Alinta’s exposure 
as a result of the risk. Alinta’s Risk Likelihood table, Risk Impact tables and Risk 
Rating Criteria were used to categorise the likelihood of risk occurring and the 
impact of the risk. To evaluate the risk exposure, the risk Likelihood and 
Consequence is matched on Alinta’s Risk Ranking Criteria Table.  

To determine the residual risk exposure existing controls were then documented 
for each risk and the risks were reassessed with controls in place. For risks with 
residual exposure at High or Extreme, treatment strategies were documented to 
reduce risk exposure to below High. Each risk with a treatment strategy was 
allocated to an Alinta person, who is or will be responsible for ensuring that the 
risk treatment is carried out. 

Alinta’s project management team reviewed the risk register on a monthly basis, 
to add new identified risks, delete any closed risks and track the progress of 
assigned actions. A ‘deeper dive’ workshop was undertaken twice yearly to 
forecast contingency required to complete the project. These workshop reviews 
were undertaken using ‘@RISK’ software to undertake a probabilistic analysis of 
project costs at completion given the go-forward risk profile and remaining 
uncertainties.  These periodic analyses were useful in understanding where the 
likely cost at completion was heading given all that was known at the time. 



 Fortescue Alinta Solar Gas Hybrid Project  
Lessons Learnt: Design and Construction 

 

 

Page 28 of 45 

Unfortunately, the Project was delivered in a period where a number of events 
had the potential to impact the project, including the COVID-19 pandemic, the 
Australian bushfires of summer 2019/20 (which closed the main road links from 
the eastern states to WA) and cyclonic weather. The Project seemed to throw up 
a disproportionate amount of ‘unknown unknowns’. That is, issues that were not 
contemplated as risks prior to becoming issues. They were not always on the radar.  

If a risk eventuates, it is reclassified as an issue to be managed and resolved. Issues 
management was resource intensive on this project. The complexity of the project, 
with simultaneous construction and mining operations and multiple stakeholders 
meant that there were a large number of issues to manage at any point in time.  

Alinta’s standard risk management matrices are included in Appendix 1. 

7.1.7. Quality Assurance 

A comprehensive Quality Assurance Plan supported with the resources to fully 
support its implementation is critical. Rework and remediation due to quality issues is 
inefficient and can significantly impact the schedule. It can also be quite demoralising 
to the workforce when activities need to be completed more than once due to quality 
issues. It is also important to ensure the appropriate checks and sign-offs of all quality 
documentation occurs as soon as it practically can, and then compiling these records 
in an orderly manner so that they can be submitted as complete with confidence.  

7.1.8. Interface Management 

Under arrangements outlined in the DA, Alinta Energy is Network Service Provider and 
Fortescue the customer. Alinta is responsible for the safe and reliable operation of the 
network and to inform this, Alinta required detailed information for Fortescue 
regarding its existing generation assets.  

7.1.9. Land Tenure 

The design and construction of the Project infrastructure was influenced by the fact 
that the construction and operation of the assets would be carried out on an active 
mine site.  Many of the Australian EPC contractors with capability in the construction 
of high voltage transmission infrastructure and particularly of large-scale solar farms, 
do not have direct experience working in an active mining area. Often the 
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management systems, risk profiles and minimum standards are different in a mining 
area than in an agricultural or other industrial area. 

Works for the Chichester project were broadly carried out on: 

1. land over which Alinta Energy holds a licence from the Crown (for example the 
solar farm); 

2. land over which Fortescue holds a licence from the Crown (for example, 
Fortescue access roads); and 

3. land over which both Alinta Energy and Fortescue holds a licence from the 
Crown (for example, areas where works were carried out close to Fortescue 
infrastructure or operations). 

The obligations of the EPC Contractor in relation to safety and work methods varied, 
depending on which type of location the works were being carried out on. On land 
over which Alinta Energy solely holds a licence from the Crown, the requirements 
were set out in the EPC Contract. These works were managed as if the area was an 
‘greenfield’ site. Works that were undertaken on land where Fortescue held a licence 
from the Crown, or where both Alinta Energy and Fortescue held a licence from the 
Crown, particularly those areas that were within the vicinity of Fortescue 
infrastructure, required compliance with the requirements set out in the EPC Contract 
as well as Fortescue’s policies procedures.  These works were managed as if the area 
was a ‘brownfield’ site. For each scope of work, the EPC Contractor was required to 
submit to Fortescue the Work Methodology and a Team Based Risk Assessment 
(TBRA) for approval, as well as conduct a team based walk down with Fortescue before 
the works could proceed. Understanding the applicable policies and procedures that 
apply to different locations is important to ensure the appropriate process for works 
to are followed.  

7.1.10. Compliance Management 

Keeping on top of all obligations and requirements within project agreements, permits 
and approvals requires planning and management. To assist with the identification 
and tracking of project requirements, the project team created and maintained a 
compliance and requirements register. The team revisited the requirements register 
on a monthly basis to ensure that all obligations were being met in a timely manner. 
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The register incorporated over one hundred individual requirements and was a key 
tool in the management of project compliance. 

7.1.11. Schedule Management 

Within the EPC Contracts was a requirement to submit a native schedule file on a 
monthly basis as part of its monthly reporting. The schedules issued by the EPC 
Contractors reflected only the scope of works required to be delivered under the EPC 
Contracts. Understanding the value in a schedule that incorporates the complete 
project, Alinta used the EPC Contractor schedules as inputs to a ‘master schedule’ that 
included long lead procurement items, key obligations under permits and approvals, 
integration scope, interface activities and commissioning and testing activities outside 
of the EPC Contractors’ scope. The benefits of maintaining a detailed master schedule 
are many. These include providing an insight as to how the project is tracking 
compared to baseline and where it is deviating, understanding the critical path, 
informing forward planning of resources, determining where additional effort is best 
placed to recover schedule and understanding what forecast practical completion 
dates are. 

In practice, there were many challenges in creating a master schedule which provided 
the benefits outlined above. These challenges are outlined below: 

• Information in the EPC Contractor schedule potentially inaccurate or out 
of date; 

• The complexity of the project reflected in a vast number of activities; 

• The resource intensity required to update and maintain the master 
schedule with so many work fronts open at any time; 

• Inefficiencies in effectively transferring information from the site to the 
scheduler (schedulers were not based on site). 

7.1.12. Solar Farm Practicalities 

The solar farm utilises a single axis tracking mechanism to improve efficiency when 
compared to fixed panels. During construction, the panels were Installed at close to a 
horizontal position and this is how they remained for many months while the 
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remainder of the solar farm was completed. When in a horizontal position, the panels 
tend to collect a significant amount of dust over time. With the wetting and drying 
cycle caused by morning dew, this dust became quite thick and ‘caked on’ over time. 
There is little or no rain from March to November in the Pilbara, so natural cleaning 
through rain did not occur. The source of the dust is from vehicles on nearby dirt roads 
and the Christmas Creek Ore Processing facility, located about 1km away. A practical 
suggestion to reduce the amount of dust collecting on the solar panels during the 
construction phase, is to ensure that they are angled at a near vertical orientation until 
operable.  

Careful consideration to dust sources should be applied when locating solar farms in 
areas of low vegetation like the Pilbara. Sealing the access roads within the solar farm 
should also be considered to reduce the dust load. 

Further, consideration 
should be given to 
ensuring that the scope 
of works under the EPC 
Contract includes the 
provision of an 
automated solar farm 
cleaning solution. For 
the Chichester project, 
the EPC Contractor was 
required to perform a 
capacity test which 
required clean panels 
to achieve.  

 

 

Figure 7: Dust accumulation on a panel that was stored in a near horizonal position 
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Figure 8: Cleaning in progress 

7.2. Project Execution Lessons Learnt 

1. In a highly complex brownfield project, consider embedding all client-side 
personnel to form an integrated cross functional team, rather than using an 
external consultant to provide project services at arm’s length. 

2. Carefully consider the resources that will be required to deliver the project. At 
the planning stage, be aware that there will be many issues and challenges to 
manage, especially at the energisation, commissioning and testing phase. 

3. There are benefits to utilising in-house technical capability wherever possible. 
If you have an internal engineering group, secure those resources and use 
them. 

4. Alinta’s experience on the Chichester project was that there were periods of 
time where there was a sudden need to increase resources. Have a plan for 
supplementary resources if and when required. 
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5. Engage key project management personnel onto the project at least six 
months before financial close. They will hit the ground running at the 
commencement of construction. 

6. For projects undertaken within mining sites, engage at least one full time site 
based HSE specialist from first mobilisation through to the completion of 
physical works. The complexities in dealing with tenure, mining legislation and 
mining policies warrants this investment.   

7. Conditions in the Pilbara in Summer are extreme. Ensure a robust Heat 
Management Plan is developed and implemented.  

8. Ensure a Fatigue Management Plan is developed and implemented for site-
based personnel. Consideration should also be given to ensuring that non-site-
based management be rotated through weekends so that there is some respite 
from the project. 

9. Once assets became electrically connected to the network, they fell under the 
health and safety systems of the operations team. Ensure that as few defects, 
omissions and incomplete works remain as possible as it becomes an 
unnecessary drain on operations resources to be implementing permits for 
outstanding construction works.  

10. Ensure back-to-back arrangements flow through the EPC Contract from the 
Development Agreement with regard to accommodation and flights planning 
requirements.  

11. For complex brownfield projects, issues and challenges continually arise. The 
engagement of an experienced Construction Manager is important to maintain 
a site focus on working through issues as they arise. 

12. An enormous amount of quality documentation is generated by the 
contractor. A systematic approach for issuing these documents as and when 
they are completed will ensure there are no delays in approving authority to 
energise applications. 

13. Get clarity on where mining interface areas and tenure areas are located 
before works commence.  
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14. Create and maintain a compliance register to track all key obligations within 
permits and approvals, as well as key contract requirements. Revisit the 
register every month to ensure nothing falls through the cracks. 

15. Do not just rely on the contractor’s schedule. Use the contractor’s schedule to 
inform a master schedule that reflects the complete scope of the project. 

16. Consider sealing roads within and around the solar farm in dry and dusty areas 
like the Pilbara to reduce the generation of dust. 

17. Carefully consider the location of solar farms in the Pilbara with regard to dust 
sources. Maintain as much distance from ore processing facilities and unsealed 
roads as practical. 

18. Consider including the provision for an automated solar panel cleaning system 
in the EPC Contract scope of works. 

19. Do not leave panels in a horizontal (or near horizontal) position while 
completing construction to minimise dust accumulation. 
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8. Regulatory Approvals 

The following major statutory and regulatory approvals were obtained by Alinta 
during the project development prior to financial close: 

• Miscellaneous Licences for land tenure under the Mining Act from the 
Department of Mines, Industry Regulation and Safety, Government of 
Western Australia; 

• Approval of a Mining Proposal from the Department of Mines, 
Industry Regulation and Safety, Government of Western Australia; 

• Native Vegetation Clearance Permits from the Department of Mines, 
Industry Regulation and Safety, Government of Western Australia; 

• Integrated Regional Licenses for generation and transmission of electricity 
from the Economic Regulation Authority, Western Australia. 

In addition, an Electricity Infrastructure Agreement satisfying the requirements of the 
Native Title Act was negotiated with the Nyiyaparli People 

8.1. Regulatory Approvals Lessons Learnt 

1. Construction on any mining tenure in WA requires compliance with the 
Mines Safety and Inspection Act, WA and related regulations. Ensure that 
prospective Contractors understand all requirements in this regard and 
allocate sufficient resources to manage compliance with it.    
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9. Operational Readiness 

9.1.1. Operating Documents 

The Development Agreement between Alinta and Fortescue contemplated the 
development of two documents to support the Engagement between parties once the 
PPA is on foot. These documents were developed collaboratively between the parties, 
drawing upon relevant good industry practice, relevant standards, and the knowledge 
and experience of the personnel at Alinta and Fortescue. 

9.2. Operating Protocol 

The purpose of the Operating Protocol is to agree and document a set of operating 
philosophies/protocols for the interconnected operation of the Christmas Creek and 
Cloudbreak mines with the Alinta network. The document also served as a design 
input for Alinta and Fortescue control system functional specifications, commissioning 
plans and operating procedures/manuals. The protocols are designed to ensure the 
reliable operation of Alinta’s network and solar farm with Fortescue’s back-up diesel 
generators and mine distribution systems. 

Key topics covered in the document include the operation of Fortescue’s back-up 
diesel generators, load management, load shedding, network operation and delivery 
point operational limits. 

While the parties worked collaboratively to develop this document effectively, the key 
lessons learned are: 

• The document takes a great deal of time and effort to finalise as there is a great 
deal of detail to cover; 

• The document should be given a priority to finalise as early as possible as it 
forms the design input to control system functional specifications, 
commissioning plans and operating procedures/manuals. 
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9.3. Site Services Agreement 

Fortescue has agreed to supply certain site services and access so that it can efficiently 
operate and maintain its network assets and the solar farm. The Site Services 
Agreement set out the terms and conditions under which these services will be 
provided. The site services include: 

• Accommodation; 

• Access to amenities; 

• Access to Fortescue roads and carparks; 

• Access to Fortescue’s radio communication network; 

• Potable water; 

• Wastewater removal; 

• Fuel; 

• Medical emergency services; 

• Maintenance gradings of certain roads within the solar farm. 

It is a sensible outcome that such services be provided by Fortescue as the incremental 
cost for supplying such services is less than the cost would be should Alinta procure 
the same services directly. Ultimately, the cost benefits of receiving these site services 
ultimately results in lower O&M costs and hence lower electricity costs.  

9.3.1. Onboarding of Operator & Maintainer Technicians 

The Chichester assets will be operated and maintained by the Newman Power Station 
(NPS) operations team. An additional four operations and maintenance technicians 
(OMTs) were identified in the Resource Plan to supplement the existing NPS team. The 
NPS roster is two weeks on, two weeks off roster, so the recruitment of four personnel 
effectively means two personnel available at any time. Recruiting commenced 
approximately one year before the forecast date for completion. The recruitment 
process took between four to six months, so all four OMTs were on board at least 
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six months before completion. The cost of the OMT recruitment and their salaries was 
a capital cost borne by the project during the construction phase. 

There was significant benefit to recruiting the OMTs well before completion of 
construction. The additional OMTs were onboarded and well versed in the Alinta 
culture and systems well before the commissioning and testing phase of the project 
began. It was necessary to station OMTs at Chichester several months prior to 
completion as assets became electrically connected to the Alinta network. Under 
Alinta operating protocol, all assets which are electrically connected to the Alinta 
network must come under Alinta’s operations team safe systems of work. OMTs were 
therefore required for issuing permits to work  

9.4. Operational Readiness Lessons Learnt  

1. The Operating Protocol should be developed, finalised and agreed at the 
earliest as it forms a design input to other specification, plans, procedures and 
manuals. 

2. Do not underestimate the time and effort required to develop the Operating 
Protocol. There is a great deal of detail that needs to be worked through 
between the parties. 

3. A Site Services Agreement should be contemplated in situations where new 
electricity infrastructure is being developed to supply mine sites. Such 
agreements ensure that operations and maintenance can be carried out at 
lowest cost. 
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10. Disclaimer  

The purpose of this document is to provide a summary of the Project, challenges and 
lessons learnt from project inception to the financial close of the project, for the 
purposes of fulfilling Alinta’s knowledge sharing obligations to ARENA as part of the 
Project Funding Agreement. 

Alinta Energy makes no representation or warranty as to the accuracy, reliability, 
completeness or suitability for particular purposes of the information contained 
within this document.  

Reasonable endeavours have been made to ensure that the information contained in 
this Report is accurate at the time of writing. Alinta Energy and its employees, agents 
and consultants gives no warranty and shall have no liability (including liability to any 
person by reason of negligence or negligent misstatement) for any statements, 
opinions, information or matter expressed or implied arising out of, contained in, or 
derived from, or for any omissions from, the information in this document, or for any 
loss or damage incurred in reliance on this information. 

Copyright in this material is owned by or licensed to Alinta Energy. Permission to 
publish, modify, commercialise or alter this material must be sought from 
Alinta Energy prior to any such publishing, modification or commercialisation. 

 

The views expressed herein are not necessarily the views of the 
Australian Government. The Australian Government does not accept responsibility for 
any information or advice contained within this document. 

This project received funding from the Australian Renewable Energy Agency (ARENA) 
as part of ARENA’s Advancing Renewables Program. 
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Figure 9: Completed Solar Farm 
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Appendix 1 – Alinta Energy Risk Matrices 
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Appendix 2 - Definitions and Abbreviations 

AC Alternating Current 

ARENA Australian Renewable Energy Agency 

BMS Business Management System  

DA Development Agreement  

EPC Engineering, Procurement, Construction  

Fortescue Fortescue Metal Group 

H&S  Health and Safety  

HAZOP   Hazards in Operations 

HV High Voltage 

IVMS in vehicle management systems  

JV  Joint Venture 

kV kilo Volt 

LV Low Voltage 

NAIF Northern Australia Infrastructure Facility  

NPS Newman Power Station  

O&M  Operations and maintenance   

OMT operations and maintenance technicians  

PPA Power Purchase Agreement  

PPRs Principal Project Requirements 

Project Chichester Solar Gas Hybrid Project  

PV Photovoltaic  

SME Subject Matter Experts  

TBRA Team Based Risk Assessment 

TRIFR Total Recordable Injury Frequency Rate 
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	The views expressed herein are not necessarily the views of the Australian Government. The Australian Government does not accept responsibility for any information or advice contained within this document.
	This project received funding from the Australian Renewable Energy Agency (ARENA) as part of ARENA’s Advancing Renewables Program.
	1. Introduction
	Alinta has completed the construction of its Chichester Solar Gas Hybrid Project (the Project) in the Pilbara region of Western Australia (WA).  On behalf of the Australian Government, the Australian Renewable Energy Agency (ARENA) has provided funding support of $24.2 million for the Project as part of its Advancing Renewables Program.  The Northern Australia Infrastructure Facility (NAIF) has also provided a loan of approximately $90 million for the Project.  A condition of the funding support from ARENA is that Alinta provides a series of reports summarising the lessons learnt from each stage of the project lifecycle.
	This report has been prepared in accordance with Alinta’s knowledge sharing obligations under the Funding Agreement reached with ARENA. The Report describes the challenges, issues and lessons learnt for the Project from financial close through to the completion of construction. 
	2. Other Lessons Learned Reports
	This is the second of a series of four lessons learned reports to be issued, each focussed sequentially on a specific lifecycle phase of the Project. 
	Lessons Learned Report 1: Inception to Financial Close
	This report has been issued and accepted by ARENA. It covers the period from project inception to financial close, which occurred on 27 November 2019. 
	Lessons Learned Report 2: Financial Close to Completion of Construction
	This report, issued in November 2021.
	Lessons Learned Report 3: Energisation, Commissioning and Testing
	This report is expected to be issued in December 2021 to cover the energisation, commissioning and testing phase which occurred prior to Practical Completion.
	Lessons Learned Report 4: Operations and Maintenance
	This report will be issued approximately 6 months after the commencement of operations and maintenance of the Solar Farm. It is expected to be issued in March 2022.
	3. The Project
	3.1. Contract Arrangements
	3.2. Project Scope
	3.3. Key Project Objectives

	Alinta has constructed a 60MW AC Solar Photovoltaic (PV) power station with interconnecting infrastructure in the Pilbara to supply electricity to Fortescue Metal Group’s (Fortescue) Chichester Hub mining operations. Fortescue is Alinta’s second customer on its Pilbara inland power system, the first being Roy Hill’s Iron Ore mine. The Project is the first example of large-scale renewables in both low inertia grids and remote mining operations in Australia. Alinta’s Pilbara inland power system now includes six sources of generation:
	 Alinta’s Newman gas turbines;
	 Alinta’s Newman battery;
	 Alinta’s Roy Hill diesel generators;
	 Fortescue’s Christmas Creek diesel generators;
	 Fortescue’s Cloud break diesel generators;
	 Alinta’s Solar PV facility;
	and 4 load centres:
	 Alinta’s Newman battery;
	 Roy Hill Iron Ore’s mine;
	 Fortescue’s Cloudbreak mine and
	 Fortescue’s Christmas Creek mine. 
	The complete power system will integrate PV cells, lithium-ion batteries, diesel fired reciprocating engines and gas turbine technologies across five physically distributed locations. 
	The project is located in the Pilbara region of Western Australia, near the Chichester Ranges approximately 150km North of Newman. 
	The graphics below illustrate the location of the infrastructure (highlighted in green):  
	/
	Figure 1: Project Location Overview
	/
	Figure 2: Detailed Project Location 
	Refer to Figure 1 and Figure 2 above for an overview of the location of the infrastructure. The distance from Alinta’s Newman Power Station to the Roy Hill substation is 121km. The new 220kV transmission lines which will feed power to the Christmas Creek and Cloudbreak mines are 26km and 35km respectively. The total line distance across the network is therefore spans approximately 182km. 
	The Project is being delivered under two Engineering, Procurement, Construction (EPC) Contracts, one for the Solar Farm and one for the electrical distribution infrastructure, including transmission lines, substations and customer interface works. Both EPC Contracts were awarded to the same contractor. Alinta also entered into separate contract arrangements with an electrical equipment manufacturer to supply a number of long lead items, including three primary transformers and 220kV switchgear.
	A Development Agreement (DA) was executed between Fortescue and Alinta to set out the term, conditions and requirements for engagement between the parties during the delivery phase of the project. Once each separable portion achieves Practical Completion under the DA, the DA falls away in all material respects and the Power Purchase Agreement (PPA) comes into force.  Practical Completion under the EPC and DA occurred/is expected as follows:
	(A) denotes Actual date achieved; (F) denotes Forecast date
	The scope of the Project comprises:
	1. Construction of a new, single circuit 220kV overhead transmission line between the existing Roy Hill 220kV substation and a new 220/33kV substation at the Christmas Creek mine;
	2. Augmentation of the existing Roy Hill 220kV substation to accommodate the new transmission line;
	3. Construction of a new Christmas Creek 220/33kV substation; 
	4. Construction of a 33kV transmission line to a new 33kV/11kV transformer at the Christmas Creek Mine Power Station and a 11kV underground cable connection to the Christmas Creek Mine Power Station 11kV distribution board;
	5. Detailed design, engineering, procuring, constructing, installing, testing and commissioning and performance trials of the infrastructure, systems and equipment required to provide a fully operational 60MW AC Solar Farm connected to the Christmas Creek 220/33kV substation;
	6. Construction of a new single circuit 220kV interconnecting overhead transmission line between the Cloudbreak 220kV substation and the Christmas Creek 220kV substation, and the interfacing with Fortescue Cloudbreak mine facility; and
	7. Construction of a new 220 / 11kV Cloudbreak Substation. and a 11kV overhead / underground cable connection to the Cloudbreak Mine Power Station 11kV distribution board.
	Key objectives of the Project are to demonstrate:
	 Significant penetration of an intermittent renewable energy source for mining operations; 
	 The ability of solar and battery storage to meet 100% of the load (as forecast on execution of the DA) for Fortescue’s mining operations; and
	 Improved system security and reliability in a low inertia grid with intermittent renewable generation and battery storage.
	The Project will also aim to demonstrate that:
	 A mining operation can run solely on solar power with battery storage during the day;
	 Miners can operate in a “business as usual” manner when being supplied by an intermittent renewable generation source along with battery storage; and
	 Integration of renewables into an existing generation portfolio can facilitate further electrification of diesel-powered auxiliaries. 
	The Project will displace Fortescue’s current aging fossil fuel fired (diesel) fleet of generators. Once operational, the diesel generators will only be utilised in abnormal circumstances such as black start, network support or outages. 
	The Project will optimally dispatch solar, gas, diesel and battery storage to meet the continuously varied load demands of both key users while maintaining network stability and maximising the renewable generation.
	/
	Figure 3: New Christmas Creek Substation
	4. Timeline and Cost Outcomes
	4.1. Project timeline
	4.2. Project costs

	This section outlines the performance of the project against budget and the baseline schedule.
	Delivery of each of the separable portions of the project has been materially delayed. Refer to the table below for key dates.
	Date that Practical Completion has been (or is expected to be) completed under the Development Agreement
	Date that Practical Completion has been (or is expected to be) completed under the EPC Contracts
	Date for completion under both the EPC Contracts and Development Agreement*
	23 July 2021
	18 June 21
	1 December 20
	Separable Portion 1 (Christmas Creek Mine)
	16 September 2021
	31 August 21
	10 April 21
	Separable Portion 2 (Cloudbreak Mine)
	5December 2021
	5 December 2021
	14 May 21
	Separable Portion 3 (Solar Farm)
	A number of factors have impacted on the project schedule, including the impact of the COVID-19 pandemic and inclement weather events.
	The Project Budget was $209.9m. The breakdown of projects costs is shown in Figure 4 below.
	/
	Figure 4: Capital Cost breakdown at commencement of construction
	The capital cost of the project is expected to be $211.7m, an exceedance of budget by approximately 1%. A breakdown of actual costs is shown in figure 4 below, which can be compared to budget costs. Key areas of cost over-runs include agreed variations to the EPC Contracts, prolongation costs, long lead items, integration, internal labour, external advisors and insurance.
	/
	Figure 5: Capital Cost breakdown at completion of construction
	While the information above focusses on capital cost impacts, it should also be noted that delays in completion of the project have resulted in delays to the commencement of revenue under the PPA as initially forecast. 
	5. Design
	5.1. Design Constraints
	5.2. Safety in Design
	5.3. Change Management
	5.4. Design Lessons Learned

	The design, procurement and construction for the vast majority of project scope was the responsibility of the EPC Contractor. 
	Design inputs for the EPC Contractor to consider included the Principal Project Requirements (PPRs) within the EPC Contract, land tenure constraints and Fortescue operational requirements. 
	One key challenge faced by the designers was in attaining an appreciation of design constraints, particularly the layout of new infrastructure in and around existing mining operations and having due regard for tenure constraints. One example related to the use of overhead lines versus underground lines adjacent the Cloudbreak Power Station. While an overhead solution is generally more cost effective and easier to maintain, it can restrict access for cranes and other mobile plant in the future. Where new infrastructure is in the vicinity of operational assets, understanding the operators concerns and requirements from the outset is important so that design changes can be made at the concept design phase resulting in little or no cost and time impact.  
	Of critical importance was ensuring that all new infrastructure was located within the correct tenure under all design conditions. As a good example, the transmission line had to be positioned so that conductors remained within Alinta tenure under the sway from design wind conditions. 
	In the case of transformers, the designer must be cognisant of the extent of the fire zone around the transformer bunded area, particularly if the fire zone has potential to extend beyond tenure. Even if there are currently no structures that are currently impacted by the fire zone, the fire zone may limit the ability to build a structure in the future. 
	Another design issue that presented challenges was the phenomenon of electro-magnetic interaction between new electrical cabling (whether in ground or above ground) and existing operational infrastructure. All cables carrying current create a magnetic field around them. Where this magnetic field interacts with metallic infrastructure such as pipelines, fences, cables or the like, electrical potential can be induced into that infrastructure. These potential interactions should be considered early in the design phase during layout planning.  Once the potential for such interactions is minimised, studies still need to be undertaken to demonstrate that the new electrical infrastructure will not induce unacceptable potentials to existing operational infrastructure. 
	A detailed Safety in Design Plan is essential for any large-scale energy infrastructure project. Minimum requirements for Safety in Design were outlined within the Principal’s Project Requirements of the EPC Contract. The earliest Safety in Design engagement across all stakeholders is desirable to minimise the impact of changes. Alinta would consider a full-time resource allocated to drive the Safety in Design agenda for similar projects in the future. 
	The Project was highly complex in nature due to the technical challenges of augmenting an existing operational power network with new customers and constructing new assets in and around operational mining infrastructure. With these challenges, and multiple stakeholders, a clear and documented process for change management was critical to ensuring proper management and communication of all changes to the design.
	1. When constructing new equipment in the vicinity of operating assets, ensure that requirements and constraints imposed by the operator are well understood from the outset of the design process. A fully comprehensive safety in design process must be followed and all affected stakeholders must be represented at each stage of design review and the associated Hazard and Operability study (HAZOP) processes.
	2. The design must validate that new infrastructure is located within the correct tenure under all design conditions, including transmission lines under the sway of design wind conditions.
	3. When locating transformers, consider the potential fire zone not just in terms of existing structures, but also in terms of tenure. 
	4. Carefully consider electromagnetic interactions between all new cabling in the vicinity of existing assets to ensure the design accommodates.
	5. Ensure the Contractor establishes a detailed Safety In Design Plan in accordance with Contract requirements and monitor delivery in compliance to the plan.
	6. As with any complex project with multiple stakeholders, a comprehensive Change Management Plan is important to ensure the correct and agreed process is followed and all relevant stakeholders engaged.
	6. Procurement
	6.1. Procurement Lessons Learned

	The majority of procurement was undertaken by the EPC Contractor. However, Alinta self-procured the main transformers and high voltage switchgear as these items have very long lead times. The procurement scope for the transformers included delivery to site, lifting into its final position, on-site fit-out and testing. On completion of this scope, the EPC Contractor then completed the High Voltage (HV) and Low Voltage (LV) terminations into the transformers.
	On the whole, early procurement of long lead items was an effective strategy. It took the long lead items off the critical path, which was particularly important given the risk of potential delays the vendor was facing with the outbreak of COVID in China. The adopted strategy of procuring these critical components so that they were on Australian soil at the earliest possible opportunity mitigated a material risk to the project schedule. This strategy, however, introduces liability and risk should the equipment not be correct or perform as specified. An alternative model is to enter into an Early Services Agreement with the EPC Contractor whereby the Principal agrees to pay certain early services milestones for early procurement activities. This keeps the entire scope within the EPC Contract but puts the money tied up with these early milestones at risk should the project not proceed.
	Similarly, the EPC Contractor adopted a strategy of procuring all major procurement items at the earliest possible opportunity. Procurement for transmission tower steelwork, cabling, piles, solar panels, inverters, substation equipment etc all appeared to be managed well. The EPC Contractor utilised the ample laydown area to store components until required by the construction team.
	1. Procurement contracts for long lead items such as main transformers and HV switchgear may be an effective strategy for mitigating schedule risk.
	2. Where possible, allow ample laydown areas to enable early procurement and storage of equipment, components and materials.
	7. Project Execution
	7.1. EPC Contractor Project Resourcing
	7.1.1. Alinta Resource Model
	7.1.2. Stakeholder Management
	7.1.3. Health, Safety and Environmental Management
	7.1.4. Vehicles and Mobile Plant
	7.1.5. Flights and Accommodation
	7.1.6. Risk and Issues Management
	7.1.7. Quality Assurance
	7.1.8. Interface Management
	7.1.9. Land Tenure
	7.1.10. Compliance Management
	7.1.11. Schedule Management
	7.1.12. Solar Farm Practicalities

	7.2. Project Execution Lessons Learnt

	The vast majority of the project scope was delivered under the EPC Contracts. The EPC Contractor worked under their own Project Execution Plan and sub-plans, and its own safe systems of work. Alinta’s role was to review the plans (where specified in the EPC Contracts) prior to implementation and categorise them as meeting requirements, or request resubmission. Once the various plans were accepted as meeting the requirements, Alinta’s role was to oversee their implementation through formal audit processes or informal observations.
	The project faced challenges relating to resourcing during the construction phase. 
	Alinta maintains a core competency for project delivery through its Construction Group, however this Construction Group requires significant supplementation at times of project delivery. The standard model is the assignment of an internal Project Director, Project Manager and Project Engineer, with professional services agreements implemented to support with project management functions and engineering support.
	At the commencement of the construction phase, Alinta engaged a third-party consultancy to provide project management services including risk and issues management, commercial management, schedule management and site representation. The engagement model proved to be sub-optimal with insufficient engagement between the Alinta project team and the consultant representatives. A key learning is that supplementing the internal team with Subject Matter Experts (SMEs) from consultancies may work well on a greenfield project, a brownfield site with complex interactions around existing infrastructure and operations requires an alternative approach.
	A better model for a complex brownfield infrastructure project such as this is direct recruitment and engagement personnel from the market on fixed term contracts. Alternatively, they can be sourced from labour hire ‘agencies’, but the point is that the team needs to be fully embedded. That is, the project management team should be located together, should share resources and have a corporate identity. This embedding enhances collaboration and engagement, but also ensures the corporate culture cascades through the entire team. It is our experience that this model is far more effective in creating a team with clarity on the expectations and alignment on their responsibilities.
	Factors to be considered that will likely require additional resourcing include:
	 The geographical spread and extent of the site;
	 The additional monitoring requirements of contractor works due to the brownfield nature of the project;
	 The fact that the site works continue seven days per week;
	 The nature of the ‘back-to-back’ agreements with Fortescue and the EPC Contractor;
	 The demand on the engineering and integration teams to plan and implement energisations, testing and commissioning in a way that safely incorporated new customer loads into an existing network while ensuring the continuous supply to the existing customer demanded extraordinary levels of resourcing.
	The project team ‘in-housed’ as much of the engineering as possible. This not only proved to be more cost effective than outsourcing the engineering tasks to an external consultant but has the added benefit of keeping more of the intellectual property within the organisation. If you have an engineering team, use them.
	A resource plan should not only map out the forecast resourcing requirements to a high degree of detail, it should also incorporate a plan for further supplementation if need be. The risk of not having sufficient resources at times of highest resource demand is an overworked team who are fatigued, demotivated and less productive. 
	There are also clear benefits to early engagement of the construction team prior to financial close. An overlap of at least six months is desirable, to allow sufficient time to provide input to key contracts, familiarisation with stakeholders, preparation of project execution plans, support for enabling works and implement the resources plan.
	A Stakeholder Management Plan was prepared at the commencement of the construction phase to identify key stakeholders and map out appropriate levels of engagement based on the stakeholder’s interest in the project and their ability to influence project outcomes. Key external stakeholders included the traditional owners, the Nyiyaparli People (traditional owners of the land) and the pastoralist who run free-ranging cattle over the site. There was no local community with the nearest town (Newman) being some 150km to the south. 
	Alinta’s agreement with the Nyiyaparli People sets out requirements for cultural awareness training and employment measures for any project Alinta undertakes on their traditional lands. These requirements were passed through to the EPC Contractor via certain provisions in the EPC Contracts. The contractor faced challenges in organising face to face cultural awareness training due to COVID-19 restrictions. Aboriginal people were identified as particularly vulnerable to the COVID-19 virus which made face to face workshops impossible for significant periods of time. As a consequence, many of the sessions were completed online as a Teams call. These sessions were considered to be effective, but the preference remains face to face engagement.
	Alinta leveraged the project to enrol over 70 of its own staff through cultural awareness training, either face to face in Perth or on-line with people in other states. Alinta also created an on-line module focussed on aboriginal cultural awareness and inclusion, and encouraged every staff member to complete the module.
	The safety record for the project is tabulated below:
	Item
	580,000
	Site Hours Worked
	Leading Indicators
	1,360
	Site Inductions Completed
	80
	Toolbox Meetings Completed
	1,178
	Safety Inspections Completed
	1,148
	Safety Conversations Completed
	23
	Audits Completed
	Lagging Indicators
	0
	Lost Time Injuries
	5
	Medical Treatment Injuries
	8.8
	Total Recordable Injury Frequency Rate
	9
	Significant Incidents (high potential)
	0
	Notifiable Incidents to Regulator
	88
	First Aid Cases
	23
	Near Miss Reports
	The Medical Treatment Injuries are as follows:
	 Lacerations and torn ligaments in ankle due to interaction with solar farm piling rig;
	 Pinched finger when removing cable pulley from cradle;
	 Hand laceration when stowing flatbed ramps into chassis frame;
	 Pinched finger when placing piece of angle steel into utility vehicle;
	 Operator’s finger jammed in door of telehandler resulting in fractured finger bone.
	One of the key challenges around health and safety centred around the geographic spread of the site and the diversity/complexity of works being conducted at any point in time.
	Alinta did not initially plan to engage a full-time site based H&S Representative on the basis that the EPC Contractor has control of the works and primary responsibility for safety, and would operate under their own safe systems of work. Alinta’s initial view was that it would review the EPC Contractor’s Health and Safety Management Plan and all supporting documentation for adequacy. Once satisfied that the Health and Safety Plan was fit for purpose, Alinta would then execute a series of H&S Audits to ensure the H&S Plan was being delivered in full compliance. In addition to the audit plan, Alinta engaged three Site Representatives rotating through 2 week on, one week off shifts and it was thought that the Site Representatives would provide an adequate level of H&S oversight across the site. However, once the number of activities and work fronts expanded, it became evident that a full time site based H&S Representative was necessary to provide appropriate levels of management and oversight. One driver for this significant workload was that incidents, hazards and near misses were often recorded, investigated and closed out across the H&S Management Systems within three organisations, creating duplication in effort. 
	It was a requirement of the Development Agreement and the EPC Contracts that any works undertaken at the Fortescue switchboards or when interfacing with Fortescue equipment required compliance with Fortescue’s policies and systems. This requirement added further coordination and complexity at these interface areas. Any incidents which occurred in the vicinity of Fortescue infrastructure on Fortescue tenure, on Fortescue roads or in their camp were required to be entered into Fortescue’s corporate Business Management System (BMS), investigated and closed out in accordance with Fortescue requirements. Ultimately, this complexity resulted in Alinta providing ‘monitors’ to oversee works at all Fortescue interface points. The monitor’s sole purpose was to ensuring that the EPC Contractor was fully complying with the approved work methodology, risk assessment and job safety analysis.
	The solar farm presented a unique set of H&S challenges. Firstly, the work was very laborious and monotonous. A total of 26,500 piles were driven and 167,000 panels were installed. Ensuring that a zero-harm mentality is at the forefront of the team’s mind when the work undertaken is so repetitive was a focus of the EPC Contractor safety team. The H&S record was reasonable, with only one Medical Treatment Injury recorded in the solar farm.
	The Pilbara summer is unrelentingly hot, often exceeding 40 degrees Celsius in the shade. Along with the heat, it can also be quite humid. The heat and humidity go hand in hand with swarms of flies. Strategies needed to be developed to manage the wellbeing of workers under these conditions, and this was documented in a Hot Working Plan. Strategies included early start - early finish, regular rest breaks, distributed ice buckets and temporary shading. However well managed, the heat of summer will result in a decline in productivity which needs to be allowed for. 
	Fatigue Management was a significant issue. Ultimately, the Alinta team managed compliance of the EPC Contractor to its Fatigue Management Plan by cross referencing to flight and accommodation bookings. In principle, anyone staying beyond their maximum continuous on-site period needed approval from Alinta after demonstration that the risk had been mitigated to acceptable levels. The Alinta team also faced extreme demands on their time at critical points in the project. The Alinta management team is based on a standard working week arrangement, whereas the works on site are continuous, 7 days per week. This resulted in managers getting very little down time as they would still receive calls and emails from site over the weekend. A lesson learned from the project is that non-site-based management should properly rest over weekends and be protected from continuous queries from site. This could be done by nomination of one manager to take a weekend shift every four weeks (say) and receive time in lieu for the weekend worked. Alternatively, two site-based Construction Managers could provide the coverage needed to manage site issues at a site level.
	The transition of assets from construction to operations was completed in a staged manner, asset by asset. Assets were only transferred once the Head of Construction and the Head of Operations signed off the relevant Handover Certificate. Once Operations took control of an asset, the Operations team became responsible to managing and controlling any works under their safe systems of works. This means that any completion works required to be done by the EPC Contractor required permits issued by the Operation teams, which is a significant drain on resources. For this reason, it is beneficial that the transfer to operations be done as late as reasonably practicable.
	All EPC Contractor trucks, buses, vans and any other vehicles utilising the Fortescue road network were required to comply with Fortescue policy. This meant that all vehicles had to be ‘passed in’ either using the Fortescue mechanics or through a person who had become authorised to pass in vehicles on behalf of Fortescue.
	Fortescue required that in vehicle management systems (IVMS) be installed on all vehicles that would be utilising Fortescue roads. The IVMS tracks the vehicle’s movement via GPS, providing a real time view of indiscretions such as speeding, harsh braking and failure to stop at stop signs. The assigned project manager would get SMS and email alerts for any vehicle that was speeding, and or if an incident had occurred.
	Fortescue agreed to provide camp accommodation and flights for Alinta and its contractors for the performance of the works. Fortescue operate a number of mine villages across the Chichester sites. The JV camp was selected by Fortescue to accommodate workers on the project. The intent was that Alinta provide Fortescue with a man-power histogram each month illustrating a 3-month rolling forecast of accommodation and flight requirements. Any changes to the requirements set out in the 3-month rolling forecast should be notified to Fortescue no less than twenty business days before the day the services are needed. These requirements were set out in the Development Agreement and the EPC Contract.
	As a lesson learned, the EPC Contractor should be incentivised to manage the resource forecast to a high degree of accuracy. This could be done through penalties for unutilised flight and accommodation.
	Alinta Energy defines risk as any impediment which may arise with the potential to affect the organisation’s ability to meet business objectives and achieve desired outcomes.
	It is an Alinta requirement that project risks are actively and continuously identified and managed throughout the project lifecycle.  Alinta has a Project Risk Management Standard, consistent with the Australian Risk Management Standard AS 31000, that outlines the risk management processes applicable to the management of the planning and delivery of its major projects to:
	 Ensure appropriate evaluation and management of project risk exposures;
	 Assist in the achievement of expected business objectives; and
	 Meet desired outcomes, consistent with the Alinta Energy Risk Management Framework and Risk Management Policy.
	The role of Risk Management within the project management activity is to provide a consistent basis for decision-making related to the evaluation and control of the identified risks which, if not appropriately managed, could potentially disrupt or impact the various key project activities associated with the planning and delivery of major projects.
	The identification of risks includes documenting the source, risk category, business consequences, impact and likelihood of the risk. The risks are captured in a risk register (Project Risk Register) and the Project Risk Register continues to be updated at various stages of the Project.
	The assessment of risks included determining the probability of the risk occurring and consequences if the risk crystallises and finally the level of Alinta’s exposure as a result of the risk. Alinta’s Risk Likelihood table, Risk Impact tables and Risk Rating Criteria were used to categorise the likelihood of risk occurring and the impact of the risk. To evaluate the risk exposure, the risk Likelihood and Consequence is matched on Alinta’s Risk Ranking Criteria Table. 
	To determine the residual risk exposure existing controls were then documented for each risk and the risks were reassessed with controls in place. For risks with residual exposure at High or Extreme, treatment strategies were documented to reduce risk exposure to below High. Each risk with a treatment strategy was allocated to an Alinta person, who is or will be responsible for ensuring that the risk treatment is carried out.
	Alinta’s project management team reviewed the risk register on a monthly basis, to add new identified risks, delete any closed risks and track the progress of assigned actions. A ‘deeper dive’ workshop was undertaken twice yearly to forecast contingency required to complete the project. These workshop reviews were undertaken using ‘@RISK’ software to undertake a probabilistic analysis of project costs at completion given the go-forward risk profile and remaining uncertainties.  These periodic analyses were useful in understanding where the likely cost at completion was heading given all that was known at the time.
	Unfortunately, the Project was delivered in a period where a number of events had the potential to impact the project, including the COVID-19 pandemic, the Australian bushfires of summer 2019/20 (which closed the main road links from the eastern states to WA) and cyclonic weather. The Project seemed to throw up a disproportionate amount of ‘unknown unknowns’. That is, issues that were not contemplated as risks prior to becoming issues. They were not always on the radar. 
	If a risk eventuates, it is reclassified as an issue to be managed and resolved. Issues management was resource intensive on this project. The complexity of the project, with simultaneous construction and mining operations and multiple stakeholders meant that there were a large number of issues to manage at any point in time. 
	Alinta’s standard risk management matrices are included in Appendix 1.
	A comprehensive Quality Assurance Plan supported with the resources to fully support its implementation is critical. Rework and remediation due to quality issues is inefficient and can significantly impact the schedule. It can also be quite demoralising to the workforce when activities need to be completed more than once due to quality issues. It is also important to ensure the appropriate checks and sign-offs of all quality documentation occurs as soon as it practically can, and then compiling these records in an orderly manner so that they can be submitted as complete with confidence. 
	Under arrangements outlined in the DA, Alinta Energy is Network Service Provider and Fortescue the customer. Alinta is responsible for the safe and reliable operation of the network and to inform this, Alinta required detailed information for Fortescue regarding its existing generation assets. 
	The design and construction of the Project infrastructure was influenced by the fact that the construction and operation of the assets would be carried out on an active mine site.  Many of the Australian EPC contractors with capability in the construction of high voltage transmission infrastructure and particularly of large-scale solar farms, do not have direct experience working in an active mining area. Often the management systems, risk profiles and minimum standards are different in a mining area than in an agricultural or other industrial area.
	Works for the Chichester project were broadly carried out on:
	1. land over which Alinta Energy holds a licence from the Crown (for example the solar farm);
	2. land over which Fortescue holds a licence from the Crown (for example, Fortescue access roads); and
	3. land over which both Alinta Energy and Fortescue holds a licence from the Crown (for example, areas where works were carried out close to Fortescue infrastructure or operations).
	The obligations of the EPC Contractor in relation to safety and work methods varied, depending on which type of location the works were being carried out on. On land over which Alinta Energy solely holds a licence from the Crown, the requirements were set out in the EPC Contract. These works were managed as if the area was an ‘greenfield’ site. Works that were undertaken on land where Fortescue held a licence from the Crown, or where both Alinta Energy and Fortescue held a licence from the Crown, particularly those areas that were within the vicinity of Fortescue infrastructure, required compliance with the requirements set out in the EPC Contract as well as Fortescue’s policies procedures.  These works were managed as if the area was a ‘brownfield’ site. For each scope of work, the EPC Contractor was required to submit to Fortescue the Work Methodology and a Team Based Risk Assessment (TBRA) for approval, as well as conduct a team based walk down with Fortescue before the works could proceed. Understanding the applicable policies and procedures that apply to different locations is important to ensure the appropriate process for works to are followed. 
	Keeping on top of all obligations and requirements within project agreements, permits and approvals requires planning and management. To assist with the identification and tracking of project requirements, the project team created and maintained a compliance and requirements register. The team revisited the requirements register on a monthly basis to ensure that all obligations were being met in a timely manner. The register incorporated over one hundred individual requirements and was a key tool in the management of project compliance.
	Within the EPC Contracts was a requirement to submit a native schedule file on a monthly basis as part of its monthly reporting. The schedules issued by the EPC Contractors reflected only the scope of works required to be delivered under the EPC Contracts. Understanding the value in a schedule that incorporates the complete project, Alinta used the EPC Contractor schedules as inputs to a ‘master schedule’ that included long lead procurement items, key obligations under permits and approvals, integration scope, interface activities and commissioning and testing activities outside of the EPC Contractors’ scope. The benefits of maintaining a detailed master schedule are many. These include providing an insight as to how the project is tracking compared to baseline and where it is deviating, understanding the critical path, informing forward planning of resources, determining where additional effort is best placed to recover schedule and understanding what forecast practical completion dates are.
	In practice, there were many challenges in creating a master schedule which provided the benefits outlined above. These challenges are outlined below:
	 Information in the EPC Contractor schedule potentially inaccurate or out of date;
	 The complexity of the project reflected in a vast number of activities;
	 The resource intensity required to update and maintain the master schedule with so many work fronts open at any time;
	 Inefficiencies in effectively transferring information from the site to the scheduler (schedulers were not based on site).
	The solar farm utilises a single axis tracking mechanism to improve efficiency when compared to fixed panels. During construction, the panels were Installed at close to a horizontal position and this is how they remained for many months while the remainder of the solar farm was completed. When in a horizontal position, the panels tend to collect a significant amount of dust over time. With the wetting and drying cycle caused by morning dew, this dust became quite thick and ‘caked on’ over time. There is little or no rain from March to November in the Pilbara, so natural cleaning through rain did not occur. The source of the dust is from vehicles on nearby dirt roads and the Christmas Creek Ore Processing facility, located about 1km away. A practical suggestion to reduce the amount of dust collecting on the solar panels during the construction phase, is to ensure that they are angled at a near vertical orientation until operable. 
	Careful consideration to dust sources should be applied when locating solar farms in areas of low vegetation like the Pilbara. Sealing the access roads within the solar farm should also be considered to reduce the dust load.
	Further, consideration should be given to ensuring that the scope of works under the EPC Contract includes the provision of an automated solar farm cleaning solution. For the Chichester project, the EPC Contractor was required to perform a capacity test which required clean panels to achieve. 
	Figure 7: Dust accumulation on a panel that was stored in a near horizonal position
	/
	Figure 8: Cleaning in progress
	1. In a highly complex brownfield project, consider embedding all client-side personnel to form an integrated cross functional team, rather than using an external consultant to provide project services at arm’s length.
	2. Carefully consider the resources that will be required to deliver the project. At the planning stage, be aware that there will be many issues and challenges to manage, especially at the energisation, commissioning and testing phase.
	3. There are benefits to utilising in-house technical capability wherever possible. If you have an internal engineering group, secure those resources and use them.
	4. Alinta’s experience on the Chichester project was that there were periods of time where there was a sudden need to increase resources. Have a plan for supplementary resources if and when required.
	5. Engage key project management personnel onto the project at least six months before financial close. They will hit the ground running at the commencement of construction.
	6. For projects undertaken within mining sites, engage at least one full time site based HSE specialist from first mobilisation through to the completion of physical works. The complexities in dealing with tenure, mining legislation and mining policies warrants this investment.  
	7. Conditions in the Pilbara in Summer are extreme. Ensure a robust Heat Management Plan is developed and implemented. 
	8. Ensure a Fatigue Management Plan is developed and implemented for site-based personnel. Consideration should also be given to ensuring that non-site-based management be rotated through weekends so that there is some respite from the project.
	9. Once assets became electrically connected to the network, they fell under the health and safety systems of the operations team. Ensure that as few defects, omissions and incomplete works remain as possible as it becomes an unnecessary drain on operations resources to be implementing permits for outstanding construction works. 
	10. Ensure back-to-back arrangements flow through the EPC Contract from the Development Agreement with regard to accommodation and flights planning requirements. 
	11. For complex brownfield projects, issues and challenges continually arise. The engagement of an experienced Construction Manager is important to maintain a site focus on working through issues as they arise.
	12. An enormous amount of quality documentation is generated by the contractor. A systematic approach for issuing these documents as and when they are completed will ensure there are no delays in approving authority to energise applications.
	13. Get clarity on where mining interface areas and tenure areas are located before works commence. 
	14. Create and maintain a compliance register to track all key obligations within permits and approvals, as well as key contract requirements. Revisit the register every month to ensure nothing falls through the cracks.
	15. Do not just rely on the contractor’s schedule. Use the contractor’s schedule to inform a master schedule that reflects the complete scope of the project.
	16. Consider sealing roads within and around the solar farm in dry and dusty areas like the Pilbara to reduce the generation of dust.
	17. Carefully consider the location of solar farms in the Pilbara with regard to dust sources. Maintain as much distance from ore processing facilities and unsealed roads as practical.
	18. Consider including the provision for an automated solar panel cleaning system in the EPC Contract scope of works.
	19. Do not leave panels in a horizontal (or near horizontal) position while completing construction to minimise dust accumulation.
	8. Regulatory Approvals
	8.1. Regulatory Approvals Lessons Learnt

	The following major statutory and regulatory approvals were obtained by Alinta during the project development prior to financial close:
	 Miscellaneous Licences for land tenure under the Mining Act from the Department of Mines, Industry Regulation and Safety, Government of Western Australia;
	 Approval of a Mining Proposal from the Department of Mines, Industry Regulation and Safety, Government of Western Australia;
	 Native Vegetation Clearance Permits from the Department of Mines, Industry Regulation and Safety, Government of Western Australia;
	 Integrated Regional Licenses for generation and transmission of electricity from the Economic Regulation Authority, Western Australia.
	In addition, an Electricity Infrastructure Agreement satisfying the requirements of the Native Title Act was negotiated with the Nyiyaparli People
	1. Construction on any mining tenure in WA requires compliance with the Mines Safety and Inspection Act, WA and related regulations. Ensure that prospective Contractors understand all requirements in this regard and allocate sufficient resources to manage compliance with it.   
	9. Operational Readiness
	9.1.1. Operating Documents
	9.2. Operating Protocol
	9.3. Site Services Agreement
	9.3.1. Onboarding of Operator & Maintainer Technicians

	9.4. Operational Readiness Lessons Learnt

	The Development Agreement between Alinta and Fortescue contemplated the development of two documents to support the Engagement between parties once the PPA is on foot. These documents were developed collaboratively between the parties, drawing upon relevant good industry practice, relevant standards, and the knowledge and experience of the personnel at Alinta and Fortescue.
	The purpose of the Operating Protocol is to agree and document a set of operating philosophies/protocols for the interconnected operation of the Christmas Creek and Cloudbreak mines with the Alinta network. The document also served as a design input for Alinta and Fortescue control system functional specifications, commissioning plans and operating procedures/manuals. The protocols are designed to ensure the reliable operation of Alinta’s network and solar farm with Fortescue’s back-up diesel generators and mine distribution systems.
	Key topics covered in the document include the operation of Fortescue’s back-up diesel generators, load management, load shedding, network operation and delivery point operational limits.
	While the parties worked collaboratively to develop this document effectively, the key lessons learned are:
	 The document takes a great deal of time and effort to finalise as there is a great deal of detail to cover;
	 The document should be given a priority to finalise as early as possible as it forms the design input to control system functional specifications, commissioning plans and operating procedures/manuals.
	Fortescue has agreed to supply certain site services and access so that it can efficiently operate and maintain its network assets and the solar farm. The Site Services Agreement set out the terms and conditions under which these services will be provided. The site services include:
	 Accommodation;
	 Access to amenities;
	 Access to Fortescue roads and carparks;
	 Access to Fortescue’s radio communication network;
	 Potable water;
	 Wastewater removal;
	 Fuel;
	 Medical emergency services;
	 Maintenance gradings of certain roads within the solar farm.
	It is a sensible outcome that such services be provided by Fortescue as the incremental cost for supplying such services is less than the cost would be should Alinta procure the same services directly. Ultimately, the cost benefits of receiving these site services ultimately results in lower O&M costs and hence lower electricity costs. 
	The Chichester assets will be operated and maintained by the Newman Power Station (NPS) operations team. An additional four operations and maintenance technicians (OMTs) were identified in the Resource Plan to supplement the existing NPS team. The NPS roster is two weeks on, two weeks off roster, so the recruitment of four personnel effectively means two personnel available at any time. Recruiting commenced approximately one year before the forecast date for completion. The recruitment process took between four to six months, so all four OMTs were on board at least six months before completion. The cost of the OMT recruitment and their salaries was a capital cost borne by the project during the construction phase.
	There was significant benefit to recruiting the OMTs well before completion of construction. The additional OMTs were onboarded and well versed in the Alinta culture and systems well before the commissioning and testing phase of the project began. It was necessary to station OMTs at Chichester several months prior to completion as assets became electrically connected to the Alinta network. Under Alinta operating protocol, all assets which are electrically connected to the Alinta network must come under Alinta’s operations team safe systems of work. OMTs were therefore required for issuing permits to work 
	1. The Operating Protocol should be developed, finalised and agreed at the earliest as it forms a design input to other specification, plans, procedures and manuals.
	2. Do not underestimate the time and effort required to develop the Operating Protocol. There is a great deal of detail that needs to be worked through between the parties.
	3. A Site Services Agreement should be contemplated in situations where new electricity infrastructure is being developed to supply mine sites. Such agreements ensure that operations and maintenance can be carried out at lowest cost.
	10. Disclaimer
	The purpose of this document is to provide a summary of the Project, challenges and lessons learnt from project inception to the financial close of the project, for the purposes of fulfilling Alinta’s knowledge sharing obligations to ARENA as part of the Project Funding Agreement.
	Alinta Energy makes no representation or warranty as to the accuracy, reliability, completeness or suitability for particular purposes of the information contained within this document. 
	Reasonable endeavours have been made to ensure that the information contained in this Report is accurate at the time of writing. Alinta Energy and its employees, agents and consultants gives no warranty and shall have no liability (including liability to any person by reason of negligence or negligent misstatement) for any statements, opinions, information or matter expressed or implied arising out of, contained in, or derived from, or for any omissions from, the information in this document, or for any loss or damage incurred in reliance on this information.
	Copyright in this material is owned by or licensed to Alinta Energy. Permission to publish, modify, commercialise or alter this material must be sought from Alinta Energy prior to any such publishing, modification or commercialisation.
	The views expressed herein are not necessarily the views of the Australian Government. The Australian Government does not accept responsibility for any information or advice contained within this document.
	This project received funding from the Australian Renewable Energy Agency (ARENA) as part of ARENA’s Advancing Renewables Program.
	/
	Figure 9: Completed Solar Farm
	Appendix 1 – Alinta Energy Risk Matrices
	/
	/
	/
	Appendix 2 - Definitions and Abbreviations
	Alternating Current
	AC
	Australian Renewable Energy Agency
	ARENA
	Business Management System 
	BMS
	Development Agreement 
	DA
	Engineering, Procurement, Construction 
	EPC
	Fortescue Metal Group
	Fortescue
	Health and Safety 
	H&S 
	Hazards in Operations
	HAZOP  
	High Voltage
	HV
	in vehicle management systems 
	IVMS
	Joint Venture
	JV 
	kilo Volt
	kV
	Low Voltage
	LV
	Northern Australia Infrastructure Facility 
	NAIF
	Newman Power Station 
	NPS
	Operations and maintenance  
	O&M 
	operations and maintenance technicians 
	OMT
	Power Purchase Agreement 
	PPA
	Principal Project Requirements
	PPRs
	Chichester Solar Gas Hybrid Project 
	Project
	Photovoltaic 
	PV
	Subject Matter Experts 
	SME
	Team Based Risk Assessment
	TBRA
	Total Recordable Injury Frequency Rate
	TRIFR

