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[bookmark: _Toc237386532]1. Introduction
[bookmark: _Toc237386533]1.1 Background
The proposed project is a 1 MWp rooftop solar PV (photovoltaic) system to be installed on a medium-sized commercial/industrial (CI) building with about 5,000 m² of usable roof space. The rooftop PV installation is well suited for industrial facilities, as the rooftop can host PV generation equipment without requiring additional land (Leewiraphan et al. 2024). 
[bookmark: _Toc237386534]1.2 Business Problem
Current facilities are heavily dependent on grid electricity for daytime production, lighting, ventilation and auxiliary loads. The planning assumption of 1.6 GWh per year electricity demand is high exposure to changes in electricity prices and to operating cost pressures. There is also a low level of on-site renewable generation, which hinders efforts to achieve lower operational carbon emissions (Inayat et al. 2023). 
[bookmark: _Toc237386535]1.3 Project Rationale
The estimated annual generation potential for a 1 MWp PV installation is about 1.4 GWh, depending on solar irradiation, losses and operating conditions (Rolobessy et al. 2025). The project is thus combined with energy cost reduction, renewable electricity generation and carbon-performance improvement, with a structured engineering project-management approach and in maintaining operational continuity.
[bookmark: _2sz17d8nuoz3][bookmark: _Toc237386536]1.4 Aim of the Project
The project aims to apply project management techniques to effectively plan, schedule, resource, cost, monitor and control the implementation of a 1 MWp rooftop Solar PV system, while managing project risks, communication, time–cost trade-offs and stakeholder requirements to achieve successful project completion within the agreed schedule and budget.
[bookmark: _Toc237386537]2. Network Diagram, Gantt Chart and Critical Path of the project
[bookmark: _Toc237386538]2.1 Network Diagram and Critical Path Analysis
Table 1: Project Activities, Resources, Durations and Costs
	Activity
	Resources
	Duration (days)
	Cost (£)

	Project approval
	PM, Admin
	3
	3,000

	Site survey
	Survey team
	5
	4,000

	Structural assessment
	Structural engineer
	4
	5,000

	Electrical load analysis
	Electrical engineer
	4
	4,500

	Detailed PV and electrical design
	Design engineers
	8
	12,000

	Utility approval and permits
	PM, Utility liaison
	12
	6,000

	Procurement of PV modules
	Procurement team
	15
	420,000

	Procurement of inverters and BOS
	Procurement team
	12
	110,000

	Delivery and inspection of materials
	Logistics, QA
	5
	8,000

	Mounting structure installation
	Installation crew
	10
	75,000

	PV module installation
	PV technicians
	10
	60,000

	Inverter installation
	Electrical technicians
	5
	25,000

	DC/AC cabling and earthing
	Electrical crew
	7
	35,000

	Testing and commissioning
	Commissioning engineers
	3
	15,000

	Grid synchronization
	Utility + commissioning team
	2
	5,000

	Training, documentation and handover
	PM, O&M team
	2
	7,000

	Total
	
	74
	£794,500


There is a list of the planned activities, resource needs, time periods required, and costs in Table 1 above that need to be incurred. Costs related to labour, engineering, procurement, installation, testing, and handover have all been considered. The table has also provided the baseline cost of the entire project (Jing et al. 2025). The sequencing of activities for the project includes engineering, procurement, construction, testing, and handover of the 1 MWp rooftop solar photovoltaic (PV) system. 
The activities of project approval, stakeholder approval, site survey, structural survey, and electrical load study precede the design activities. The activities of detailed PV & electrical design take up to 8 days, utility approval 12 days, PV procurement 15 days, inverter procurement 12 days, delivery 5 days, structure erection 10 days, module erection 10 days, cabling & earthing 7 days, commissioning 3 days, synchronization 2 days, and handover 2 days, summing up to 74 days.
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Figure 1: Network Diagram with Activity Structure
The logical sequence of activities within the rooftop solar PV installation project along with their dependencies is shown in Figure 1 above (Rahman et al. 2025). The activities of engineering, design, procurement, installation, testing, and handing over have been related with each other based on the technical precedence requirements.
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Figure 2: Network Diagram with Event Times
The network diagram with the durations of activities and times of events is presented in Figure 2 for schedule calculations. Earliest start and completion dependencies have been considered for determining the course of work on each activity.
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Figure 3: Network Diagram with Critical Path
Figure 3 shows the critical path using highlighted activities that have zero float and directly affect the project completion. The sequence of procurement of PV modules, installation work, electrical connections, commissioning, grid synchronization, and handing over has been established (Manolache et al. 2025). The critical path analysis has helped determine the process involved in the whole project execution. The path to be followed has been approval, survey, structure analysis, designing, procurement, delivering, mounting installation, module installation, cabling, commissioning, synchronizing, and handing over. There has been zero float in these processes, which has resulted in 74 days' duration.
[bookmark: _t5p4t51k130g][bookmark: _Toc237386539]2.2 Gantt Chart
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Figure 4: Gantt Chart
Figure 4 illustrates the project schedule for the 1 MWp rooftop solar PV installation. Critical activities are shown in red, while non-critical activities are shown in blue (El-Khozondar et al. 2025). The chart presents task sequencing, overlaps, dependencies, and schedule progression from project initiation through commissioning and handover, confirming a total duration of 74 days.
[bookmark: _Toc237386540]3. Role of Communication in Project Management
[bookmark: _Toc237386541]3.1 Project Stakeholders and Communication Requirements
Communication management has been key in ensuring that engineering, procurement, construction, utility approval, commissioning, and handover activities are effectively coordinated in the 1 MWp Rooftop Solar PV Project (Swanson et al. 2025). 
Table 2: Stakeholder Matrix
	Power / Interest
	Low Interest
	High Interest

	High Power
	Keep Satisfied
· Utility authority
· Local regulatory authority
· Insurance provider
	Manage Closely
· Facility owner/client
· Project manager
· EPC contractor
· Finance sponsor

	Low Power
	Monitor
· Local community
· Media
	Keep Informed
· Operations staff
· Maintenance team
· Equipment suppliers
· Installation workforce


The stakeholders in the process have been the facility owner, project manager, EPC contractor, design consultants, procurement department, utility authority, safety officer, installation contractors, suppliers, and operations.
[bookmark: _Toc237386542]3.2 Communication Methods and Responsibilities
Formal communication has taken place through progress reports, design review meetings, procurement coordination meetings, utility submission logs, safety briefings, inspection reports, commissioning checklists, and handover documents. Communication for the entire project has been coordinated by the project manager, and reporting to stakeholders has been carried out. Technical modifications have been provided by the design consultants, supplier communication has been monitored by the procurement staff, construction progress has been tracked by site engineers, and testing and synchronization communications have been made by commissioning engineers.
[bookmark: _Toc237386543]3.3 Communication Challenges
Communication problems include modifications to the design, uncertainties related to delivery by suppliers, delays in the utilities approvals process, problems with versioning of technical documentation, and coordination problems between different contractors. 
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Figure 5: Impact of Communication Management
Insufficient flow of information has added more risks of rework, installation problems, schedule slippages, and higher costs. The activities related to interfaces with utilities have involved precise technical documentation and prompt response to comments.
[bookmark: _Toc237386544]3.4 Improving Communication and Project Performance
Enhanced communication performance has necessitated a communication management plan, document control procedure, digitization of documents, meeting action logs, delegation of responsibilities, and escalation procedures. Repeated stakeholder reporting, use of standardized templates for reporting, revision tracking, and scheduling information have helped in reducing ambiguity and making decisions quickly. Improved communication has facilitated better coordination, avoidance of rework, safety compliance, and completion of the rooftop solar PV project on time.
[bookmark: _e60v3xiix3ly][bookmark: _Toc237386545]3.5 PESTLE Analysis
Table 3: PESTLE Analysis
	Factor
	Project-specific impact

	Political
	Renewable-energy policy and utility regulation.

	Economic
	Electricity tariffs, inflation, financing, exchange rates.

	Social
	Sustainability expectations and stakeholder acceptance.

	Technological
	PV efficiency, inverter performance, monitoring systems.

	Legal
	Safety standards, grid compliance, contract obligations.

	Environmental
	Carbon reduction, waste management, weather constraints.


Table 3 shows an analysis of external forces affecting the installation of the rooftop photovoltaic project based on politics, economy, society, technology, law, and environment aspects (Ratib et al. 2025). 
[bookmark: _Toc237386546]4. PERT Analysis and Risk Management
[bookmark: _Toc237386547]4.1 PERT Analysis
PERT offers a probabilistic estimate for the duration of solar PV activities that still have significant uncertainty. Optimistic (O), most-likely (M) and pessimistic (P) estimates are used in the analysis for activities like structural assessment, system design, equipment procurement, grid approval and commissioning. Expected duration follows TE = (O + 4M + P)/6, while variance follows σ² = [(P − O)/6]². For instance, an activity that has O = 10 days, M = 15 days and P = 25 days has an expected duration of 15.83 days with a variance of 6.25 days squared (Rolobessy et al. 2025). 
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Figure 6: PERT Framework 
The relationship between 3-point estimation and expected duration, variance, and schedule-risk interpretation is all included in the framework. When there is more uncertainty in procurement, approval and commissioning, schedule control is needed to better manage the delays that can occur in dependent installation activities. PERT is therefore complementary to the deterministic network analysis, as it takes into account the uncertainty in the duration, but not the fixed duration of each activity in the network.
[bookmark: _Toc237386548]4.2 Project Risk Identification and Assessment
Table 2: Risk Register
	ID
	Project Risk
	Probability
	Impact
	Risk Score
	Priority

	R1
	Equipment delivery delay
	4
	5
	20
	High

	R2
	Roof structural inadequacy
	3
	5
	15
	High

	R3
	Grid connection delay
	3
	5
	15
	High

	R4
	Adverse weather
	3
	4
	12
	High

	R5
	Installation safety incident
	2
	5
	10
	Medium

	R6
	Design error/rework
	3
	4
	12
	High

	R7
	Equipment price escalation
	3
	3
	9
	Medium

	R8
	PV system performance below target
	2
	4
	8
	Medium


The risks are prioritised in the register based on measurable probabilities and consequences rather than descriptive listing of the risks. High scores indicate events that must be acted on early in terms of ownership and planning for response. The risk register uses a 1–5 risk probability and a 1–5 risk impact, resulting in a risk score (Probability x Impact). The probability of equipment delivery delay is 4, and the impact is 5, giving it a score of 20, making it one of the highest rated exposures (Leewiraphan et al. 2024).
[bookmark: _Toc237386549]4.3 Risk Impact on the Project and Business
Table 3: Risk Matrix
	Probability \ Impact
	1 - Very Low
	2 - Low
	3 - Moderate
	4 - High
	5 - Very High

	5 - Almost Certain
	5
	10
	15
	20
	25

	4 - Likely
	4
	8
	12
	16
	20

	3 - Possible
	3
	6
	9
	12
	15

	2 - Unlikely
	2
	4
	6
	8
	10

	1 - Rare
	1
	2
	3
	4
	5


The matrix translates the probability and impact ratings into priority; and risk with a high level of exposure will receive higher priority for managing. Scores of 16–25 represent very high exposure, while scores of 10–15 indicate high exposure. A delay in grid connection can delay commissioning and revenue benefits, and structural deficiencies can lead to redesign and extra engineering costs and delay in installation (Ramasamy et al. 2023). 
[bookmark: _Toc237386550]4.4 Risk Mitigation and Management Techniques
Mitigation measures address the predominant causes in addition to consequences. Early structural surveys minimise the risk of redesign, procurement of equipment minimises the risk of equipment delays, and coordination of the grid in early stages minimises exposure to the uncertainty of approval (Zhang et al. 2023). Design verification eliminates technical rework, method statement, PPE and site supervision control installation technical exposure. Continuous monitoring with risk ownership and periodic review.

Table 4: Risk Mitigation 
	Risk
	Mitigation/Response
	Responsible Role

	Equipment delivery delay
	Early procurement, approved suppliers and delivery monitoring
	Procurement Manager

	Roof structural inadequacy
	Early structural survey and engineering verification
	Structural Engineer

	Grid connection delay
	Early application and continuous utility coordination
	Electrical Engineer

	Adverse weather
	Weather-based scheduling and contingency time
	Project Manager

	Safety incident
	RAMS, PPE, toolbox talks and site supervision
	H&S Manager

	Design error/rework
	Independent design review and technical verification
	Design Engineer

	Price escalation
	Fixed-price quotations and early procurement
	Project Manager

	Low PV performance
	Performance testing, monitoring and commissioning
	PV Engineer


The mitigation table links each of the identified risks to a response and a responsible project role, providing a direct link from risk assessment to project control.
[bookmark: _7z632irkrn57][bookmark: _Toc237386551]4.5 SWOT Analysis
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Figure 7: SWOT Analysis of the 1 MWp Rooftop Solar PV Project
The use of SWOT analysis has been an attempt made to analyse the internal and external factors affecting a proposed project which is to be implemented, which is 1 MWp rooftop solar photovoltaic. Analysis helps to make strategic decisions regarding project cost, performance and sustainability (Shaikh et al. 2022).
[bookmark: _Toc237386552]5. Costs of Individual Activities and Total Project Cost
[bookmark: _Toc237386553]5.1 Project Resource Requirements
Table 5: Project Resource Requirements
	Resource Category
	Main Resources
	Related Activities

	Project Management
	Project Manager, Admin
	Approval, permits, handover

	Engineering
	Structural & Electrical Engineers
	Surveys, load analysis, design

	Procurement
	Procurement Team
	PV modules, inverters and BOS

	Logistics & QA
	Logistics and QA Team
	Delivery and inspection

	Installation
	Installation Crew, PV Technicians
	Mounting and PV installation

	Electrical
	Electrical Technicians/Crew
	Inverters, cabling and earthing

	Commissioning
	Commissioning Engineers, Utility Team
	Testing and grid synchronisation

	O&M
	PM, O&M Team
	Training, documentation and handover


The above table shows that managerial and engineering and specialist technical resources will be needed for the project. Procurement is the most substantial resource expenditure due to the cost of PV modules and inverter / BOS equipment. The resource planning for the rooftop Solar PV project includes project management, engineering, procurement, logistics, installation, commissioning and handing over the project (Zhang et al. 2023).
[bookmark: _Toc237386554]5.2 Individual Activity Costs
Table 6: Activity Cost Table
	Activity
	Duration (days)
	Cost (£)

	Project approval 
	3
	3,000

	Site survey
	5
	4,000

	Structural assessment
	4
	5,000

	Electrical load analysis
	4
	4,500

	Detailed PV and electrical design
	8
	12,000

	Utility approval and permits
	12
	6,000

	Procurement of PV modules
	15
	420,000

	Procurement of inverters and BOS
	12
	110,000

	Delivery and inspection
	5
	8,000

	Mounting structure installation
	10
	75,000

	PV module installation
	10
	60,000

	Inverter installation
	5
	25,000

	DC/AC cabling and earthing
	7
	35,000

	Testing and commissioning
	3
	15,000

	Grid synchronisation
	2
	5,000

	Training, documentation and handover
	2
	7,000

	Total
	70
	794,500


The financial baseline for the project is set in the above-presented table. The highest cost in the individual cost breakdown is the PV module at £420,000, followed by the inverter and BOS at £110,000. A further £135,000 is spent on mounting structure and PV installation, emphasising the main cost drivers of procurement and installation (Oyakhilome and Koffa, 2026). 
[bookmark: _Toc237386555]5.3 Total Project Cost
The total budget of all 16 activities equals £794,500 as a baseline project cost. Procurement accounts for £530,000 (66.7%), while installation activities account for £195,000 (24.5%). A further £69,500 (8.8%) will be used for project management, engineering, logistics, commissioning and grid synchronisation and handover tasks. The £794,500 baseline is used for the subsequent crash-costing analysis and the additional cost to bring the project duration down by seven days.





[bookmark: _Toc237386556]6. Application of Crash Costing Techniques
[bookmark: _Toc237386557]6.1 Identification of Activities for Crash Costing
Table 7: Activities Selected for Crash Costing
	Activity
	Description
	Normal Duration
	Crash Duration
	Maximum Reduction

	A
	Project approval 
	3 days
	3 days
	0 days

	B
	Site survey
	5 days
	5 days
	0 day

	C
	Structural assessment
	4 days
	4 days
	0 days

	D
	Electrical load analysis
	4 days
	4 days
	0 days

	E
	Detailed PV and electrical design
	8 days
	7 days
	1 day

	F
	Utility approval and permits
	12 days
	12 days
	0 days

	G
	PV module procurement
	15 days
	13 days
	2 days

	H
	Procurement of inverters and BOS
	12 days
	12 days
	0 days

	I
	Delivery and inspection of materials
	5 days
	4 days
	1 day

	J
	Mounting structure installation
	10 days
	8 days
	2 days

	K
	PV module installation
	10 days
	10 days
	0 days

	L
	Inverter installation
	5 days
	5 days
	0 days

	M
	DC/AC cabling and earthing
	7 days
	6 days
	1 day

	N
	Testing and commissioning
	3 days
	3 days
	0 days

	O
	Grid synchronization
	2 days
	2 days
	0 days

	P
	Training, documentation and handover
	2 days
	2 days
	0 days


Identified six activities for achieving the required 7-day reduction from all the activities. The activities that require authorities have stayed the same. The total time reduction has resulted in a project completion time from 70 to 63 days.
[bookmark: _Toc237386558]6.2 Normal and Crash Duration and Costs
Table 8: Normal and Crash Duration and Cost
	Activity
	Normal Duration (Days)
	Crash Duration (Days)
	Normal Cost (£)
	Crash Cost (£)
	Crash Increase (£)
	Crash Cost per Day (£)

	A–B
	5
	4
	4,000
	5,000
	1,000
	1,000

	B–E
	8
	6
	12,000
	16,000
	4,000
	2,000

	E–G
	15
	12
	420,000
	435,000
	15,000
	5,000

	G–I
	5
	4
	8,000
	9,500
	1,500
	1,500

	I–J
	10
	8
	75,000
	81,000
	6,000
	3,000

	J–K
	10
	9
	60,000
	64,000
	4,000
	4,000

	K–M
	7
	6
	35,000
	39,000
	4,000
	4,000

	M–N
	3
	2
	15,000
	17,000
	2,000
	2,000

	N–O
	2
	1
	5,000
	7,000
	2,000
	2,000

	O–P
	2
	1
	7,000
	9,000
	2,000
	2,000


Compared normal conditions to crash conditions for all activities project sequence. Additional expenditure and time saved are used for crash cost/per day. It is shown that A–B can be seen to be the absolute minimum cost at £1,000 per day, and E–G the absolute maximum at £5,000 per day to aid economic activity selection (Kantianis, 2023). 
[bookmark: _Toc237386559]6.3 Seven-Day Project Duration Reduction
Table 9: Seven-Day Project Duration Reduction
	Activity
	Description
	Normal Duration (Days)
	Crash Duration (Days)
	Time Saved (Days)
	Crash Cost per Day (£)
	Additional Cost (£)

	E
	Detailed PV and electrical design
	8
	7
	1
	2,000
	2,000

	G
	PV module procurement
	15
	13
	2
	5,000
	10,000

	I
	Delivery and inspection of materials
	5
	4
	1
	1,500
	1,500

	J
	Mounting structure installation
	10
	8
	2
	3,000
	6,000

	M
	DC/AC cabling and earthing
	7
	6
	1
	4,000
	4,000

	Total
	Required project reduction
	50 days
	42 days
	7 days
	15,500
	24,500


A seven-day crash programme for the selected activities is shown. The reductions are for site survey, design, procurement, delivery, mounting and installation, and cabling. 7-day reduction has decreased the baseline from 70 days to 63 days, with an expected extra crash expenditure of £24,500.
[bookmark: _Toc237386560]6.4 Revised Project Schedule and Critical Path
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Figure 8: Revised Gantt Chart and Critical Path for the Solar PV Project
The Gantt chart shows activity durations, start and end dates, previous activities and activities in parallel. The project sequencing has been accomplished with the revised schedule showing speeded-up procurement, installation and electrical works, so that the project duration has been reduced by seven days from 70 to 63 days.
[bookmark: _Toc237386561]6.5 Final Project Cost
Table 10: Final Project Cost 
	Cost Component
	Amount (£)

	Normal project cost
	794,500

	Additional crash cost
	29,000

	Final project cost
	823,500


The cost of the project has risen by £ 29,000, that is 3.65% of the normal project cost, and the time for completion has been shortened by 10%.
[bookmark: _Toc237386562]7. Project Handover Issues
[bookmark: _ckdyla15qhg][bookmark: _Toc237386563]7.1 Handover to the Client
The completed PV system has been handed over to the client after installation and commissioning activities have been completed. The project team has transferred operational responsibilities to the facility management or O&M team. Training has also been provided regarding system monitoring, routine inspections, emergency procedures and basic fault identification (Balfour and Morris, 2024). 
[bookmark: _fioehgsk6c7y][bookmark: _Toc237386564]7.2 Testing, Commissioning and Documentation
Tests and commissioning have been completed before delivery to ensure the PV operation has been in line with the approved design and safety inclusions. Electrical continuity, insulation resistance, protection device and inverter operations and connection to the grid have been tested. The performance verification has also been achieved to detect any defects (Manohar et al. 2025). Future troubleshooting, maintenance, and warranty claims are aided with this level of documentation.
[bookmark: _6gfbvbsyn9bu][bookmark: _Toc237386565]7.3 Client Acceptance and Sign-Off
Documentation and successful testing/commissioning have resulted in client acceptance. The project manager came back with the completed and relevant documents for review. All known faults or unfinished tasks have been captured and followed up to final sign-off. The acceptance process has provided the verifier that the PV system installed complies with all the technical, safety and contractual requirements agreed (Lino and Parente, 2024). 
[bookmark: _n0lpt21tcb4][bookmark: _Toc237386566]7.4 Handover Issues and Client Considerations
Issues thought of during handover include incompleteness of documentation, unfulfilled defects, unclear maintenance responsibilities, unclear conditions of which the client is not aware, and the monitoring system as a warranty. Final acceptance may be delayed if the greens are not approved or not considered as 'performing'. Clear responsibilities for operation and maintenance have therefore been formalised, and training and documentation completed before closure (Minaie and Sanati-Mehrizy, 2025). The handover process has, at the end of the day, enabled a proper knowledge transfer.
[bookmark: _Toc237386567]8. Conclusions
[bookmark: _rkqsniiju2us]Structured planning, scheduling, cost management, communication and risk-management techniques have helped promote the proposed 1 MWp rooftop solar PV system, and this has been supported by the project management analysis. The network and critical path analysis have identified an established baseline duration of 70 days, and the crash costing has shown the potential for doing so by selectively accelerating activities to 63 days. The cost of the normal project has been estimated at £794,500, and further money is needed to speed up the schedule. Uncertainties in the schedule listed by PERT and risk analysis have been identified as key areas of concern, whilst effective communication, testing and handover processes have successfully enabled completion of projects and readiness to operate.
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