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[bookmark: _Toc240317015]1. Introduction and background
This report develops a project plan for a 12-bay electric vehicle (EV) charging hub at a university campus in South Wales. The project is more than a charger installation: it combines demand assessment, electrical and accessibility design, distribution network operator (DNO) engagement, procurement, civil works, digital integration, commissioning, and handover. This makes the case suitable for testing project-management techniques against the interfaces that can disrupt delivery. Recent EV infrastructure research shows that planning must coordinate transport demand with power-distribution constraints rather than treating them separately (Unterluggauer et al., 2022), while Li, Chew and Wang (2024) identify grid integration and low utilisation as continuing barriers to effective charging-infrastructure deployment.
The scope runs from project definition to final acceptance; long-term operation after handover is excluded. The activity durations and costs are case-study planning estimates rather than live quotations. That limitation is important. Research on multi-period charging infrastructure argues that deterministic planning can become myopic when future demand and power-system conditions are uncertain (Ye, Bansal and Adey, 2024). Therefore, the schedule and budget developed here are treated as a baseline for management decisions, not as a promise that the project will finish on a fixed date or at an exact cost.
The analysis combines CPM and Gantt planning, communication management, PERT, quantified risk exposure, activity costing, seven-day crash costing and handover. The techniques are linked rather than presented as separate definitions. Schedule position is considered alongside risk and cost so that an expensive activity is not automatically treated as the most urgent, and a low-cost critical activity is not ignored simply because its direct spend is small.

[bookmark: _Toc240317016]2. Network diagram, Gantt chart, and critical path
The work was decomposed into thirty-seven activities with parallel branches and converging dependencies. A forward and backward pass produces an 80-working-day baseline and two critical paths: A-C-E-F-H-I-N-O-P-R-S-T-U-V-Z-AA-AB-AD-AE-AF-AG-AH-AJ-AK and A-D-E-F-H-I-N-O-P-R-S-T-U-V-Z-AA-AB-AD-AE-AF-AG-AH-AJ-AK. The paths differ only at C and D, which both take three days and must both finish before the business case (E). This means that the early phase does not have one activity that can be watched in isolation; a delay to either C or D immediately delays E and the 80-day baseline.
The float values change the management priority. Supplier market engagement (Q) has 16 days of float and planning consent (X) has 23 days, whereas the DNO pre-application enquiry (I) and detailed electrical design (N) have zero float. The practical implication is not that Q or X can be ignored, but that a short delay there can initially be absorbed. By contrast, a one-day delay to I or N has no schedule buffer. Kuda et al. (2022) argue that time-cost schedules can hide instability when uncertainty is treated too simply; this is relevant here because DNO responses, supplier lead times and civil works are estimates rather than controlled production times.
The Gantt chart is useful because it makes concurrency visible, including planning review, supplier engagement, and design development. However, logical parallelism does not guarantee resource availability. Two activities can be scheduled together but still compete for the same electrical engineer or procurement specialist. This is a weakness of a purely precedence-based baseline. Recent schedule-risk research therefore uses probabilistic and Bayesian approaches to represent causal uncertainty and update predictions as actual data become available (Chen, Lu and Han, 2023). For this project, the simpler CPM baseline remains appropriate for control, but actual dates, remaining durations and float should be recalculated at reporting points rather than treating the original network as fixed.
The 80-day result was independently recalculated from the activity table before this version was prepared. This matters for the later crash-costing decision: accelerating an activity that has ceased to be critical would add cost without reducing the project completion date. The network is therefore a decision model that must be maintained, not merely a figure produced for the initial plan.
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[bookmark: _Toc240317017]3. Role of communication in the management of the project
Communication is designed around decisions and interfaces rather than around a fixed number of meetings. Thorn (2026a) frames the communication plan around who sends information, who receives it, when it is needed, what is critical and how it is transmitted. Galvis-Ardila, Colmenares-Perdomo and Rueda-Varón (2023) similarly treat communication as a constitutive part of project management rather than a simple transmission tool. That approach fits this project because the sponsor, DNO, contractor, supplier, IT team, estates team and campus users do not need the same information. Research also shows that communication breakdowns in complex projects are not solved by simply increasing message volume; a multilevel approach is needed because communication is part of how change is coordinated (Saxena and McDonagh, 2022).
The DNO is the most schedule-sensitive external interface. Formal submissions provide traceability, but email alone is weak where electrical capacity, design assumptions or energisation milestones are ambiguous. Technical meetings should therefore be followed by a written action and decision record. During construction, the contractor, estates team and project manager require weekly coordination plus immediate escalation of access, safety, or sequencing changes. The sponsor can receive a monthly dashboard unless an agreed tolerance is exceeded. Campus users need targeted notices about parking restrictions, noise, and access rather than detailed engineering reports.
This selective approach is supported by infrastructure stakeholder research. Chung et al. (2023) found that response strategies need to reflect stakeholder concerns rather than applying one generic engagement method, while Lehtinen and Aaltonen (2024) show that the content and mode of infrastructure communication influence stakeholder engagement. The implication for the EV hub is that communication quality is more important than frequency alone. Copying every stakeholder into every issue would increase information load and could blur accountability.
The plan must also change across the lifecycle. Early work is dominated by sponsor, DNO and design decisions; construction shifts attention to contractor, estates, and H&S interfaces; handover requires stronger operations, IT, and maintenance involvement. Sicotte and Delerue (2021) caution that planning, senior support, and communication are necessary but not automatically effective in isolation. For this project, each communication route therefore includes an owner and feedback or escalation mechanism so that a sent message is converted into an auditable decision, approved drawing, change record or action.









	Stakeholder
	Owner
	Frequency
	Method
	Feedback / escalation

	Project sponsor
	Project manager
	Monthly and at gates
	Dashboard + meeting
	Decision within agreed tolerance/escalation route

	Estates/facilities
	Project manager / technical lead
	Weekly; more often during works
	Meeting + action log
	Confirm actions and constraints

	DNO
	Electrical lead
	Milestones and trigger points
	Formal portal/email + technical calls
	Escalate missing information or slippage

	Main contractor
	Project manager/site lead
	Weekly; daily coordination during works
	Site meeting + Teams/email
	Issue log/change control

	Charger supplier
	Procurement/technical lead
	Fortnightly then weekly near delivery
	Progress call + written record
	Expedite or approve alternative

	IT/back-office team
	Technical lead
	Design milestones + testing
	Workshop + test log
	Defect owner and retest date

	Campus users/security
	Estates communications
	Before each disruptive phase
	Email/intranet/signage
	Feedback to estates/helpdesk

	Finance/procurement
	Project manager
	At procurement gates / monthly
	Formal workflow + report
	No commitment without approval



[bookmark: _Toc240317018]4. Application of PERT analysis and risk management techniques
The CPM baseline uses one duration per activity, so PERT was applied to ten activities where uncertainty is more credible. Following the module method, the expected duration is De = (Do + 4Dm + Dp)/6 (Thorn, 2026b). The formal DNO connection application (W) increases from an eight-day baseline to an expected 8.67 days, planning consent (X) from 10 to 10.83 days, and charger/switchgear procurement (Y) to 10.50 days. The numerical changes are modest, but they identify where confidence in the deterministic schedule is weaker.
PERT is useful because it forces optimistic, most-likely, and pessimistic assumptions to be visible. It should not, however, be treated as a measured probability model. Roos and den Hertog (2021) show that PERT remains sensitive to assumptions about activity-duration distributions, while Senses and Kumral (2024) argue that traditional PERT/CPM can provide a static view that does not fully represent uncertainty in duration and cost. A pessimistic DNO duration of 15 days in this case is still an expert assumption. PERT is therefore used to challenge the single-point baseline, not to create false precision.



	ID
	Activity
	O
	M
	P
	Expected
	Variance

	I
	DNO pre-application/grid enquiry
	3
	5
	9
	5.33
	1.00

	N
	Detailed electrical design
	4
	5
	8
	5.33
	0.44

	S
	Tender period
	5
	7
	10
	7.17
	0.69

	W
	Formal DNO connection application
	5
	8
	15
	8.67
	2.78

	X
	Planning permission/consent
	7
	10
	18
	10.83
	3.36

	Y
	Procure chargers and switchgear
	7
	10
	16
	10.50
	2.25

	AA
	Civil works and trenching
	4
	6
	10
	6.33
	1.00

	AB
	Ducting and cabling
	4
	5
	8
	5.33
	0.44

	AE
	Install EV chargers
	3
	4
	6
	4.17
	0.25

	AG
	Testing and commissioning
	2
	3
	6
	3.33
	0.44




Risk management was linked to the network instead of being treated as a separate compliance register. Initial exposure was calculated as probability multiplied by estimated fiscal impact, following Thorn (2026b). DNO delay has the highest initial exposure at £6,300, followed by insufficient electrical capacity at £5,000, charger/switchgear delay at £4,200 and lower-than-forecast utilisation at £4,000. The first three also interact directly with design, procurement, or electrical installation. This matters because risk priority cannot be determined from financial exposure alone.
The risk register deliberately separates failure modes rather than using broad labels. This responds to a common weakness in risk assessment: different causes and consequences can require different owners and treatments. A 2025 systematic review of EV infrastructure projects identified twenty-four risk factors and stressed that they interact rather than operate independently (Sheng, Qazi, and Rahbarimanesh, 2025). More generally, Khodabakhshian, Puolitaival and Kestle (2023) distinguish deterministic from probabilistic approaches and note the importance of causal dependencies. For the present project, DNO delay, inadequate electrical capacity, equipment delay, underground services, digital integration, and utilisation are therefore assessed separately.
The DNO risk cannot be removed by transferring it to the contractor because the response of an external network operator remains partly outside project control. Early engagement, complete technical information, and milestone review reduce probability rather than eliminate the risk. Equipment delay is more controllable through early ordering, approved alternatives, and supplier progress checks. Unknown underground services are treated through records, scanning, and trial holes before excavation. Cyber and back-office integration are also retained as distinct risks because EV charging infrastructure combines physical equipment with networked systems; contemporary research identifies protocol and infrastructure vulnerabilities as material operational concerns (Khan et al., 2023).
A probability-impact score still has limits. A numerical exposure can look objective even when both probability and impact are judgement-based, and low-probability safety events cannot be accepted merely because their expected monetary value is small. Su and Khallaf (2022) show that project-risk research often concentrates on cost and schedule modelling, but project performance is broader than those two objectives. The stronger decision here therefore combines exposure, CPM float, legal and safety obligations, mitigation cost, and residual risk. This prevents the ranking from becoming a mechanical league table.
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The activity cost model combines staff time, specialist input, external fees, construction work, and equipment allowances. The normal project cost is £191,600. Hussain et al. (2023) show that infrastructure cost control benefits from integrating cost information across the project lifecycle, which supports keeping activity-level costs visible rather than relying only on a single total. The largest item is charger and switchgear procurement (Y) at £72,000, followed by civil works and trenching (AA) at £18,000, distribution-board/electrical upgrades (AD) at £16,000 and ducting/cabling (AB) at £14,500. These values are planning estimates, not supplier quotations, which is a material limitation because conceptual cost accuracy is affected by uncertainty and the quality of available project information (Fazil, Lee, and Tamyez, 2021).
The cost profile should not be confused with the schedule profile. Activity S, the tender period, has only £700 of direct project resource but is critical, whereas the £72,000 equipment procurement activity has eight days of float in the baseline. Management attention should therefore combine cost significance with schedule position and risk rather than rank activities by spend alone. This is particularly relevant to EV infrastructure because planning must coordinate charging demand, equipment, and distribution-network capability (Unterluggauer et al., 2022).
A contingency has not been hidden inside individual activity values. This keeps the £191,600 base estimate transparent and allows risk exposure to be discussed separately. The weakness is that the base figure can appear more certain than it is. Research on construction contingency distinguishes deterministic percentage allowances from probabilistic approaches and argues that the appropriate method depends on project stage and uncertainty (Ammar, Abdel-Monem, and El-Dash, 2023). Before a real investment decision, the £72,000 procurement allowance, DNO-related costs, and major civil/electrical items should therefore be validated through quotations and the contingency set from quantified uncertainty rather than an arbitrary percentage.
Normal project cost = £191,600
[bookmark: _Toc240317020]6. Application of crash costing techniques
The assignment requires a seven-working-day reduction. The normal duration is 80 days, so the target is 73 days. Using the module method, crash slope = (crash cost - normal cost) / (normal duration - crash duration) (Thorn, 2026e). Seven activities shared by both critical paths were reduced by one day: detailed electrical design (N), technical specification (O), tender documentation (P), tender period (S), civil works (AA), ducting/cabling (AB), and distribution-board upgrades (AD). The additional direct cost is £7,400, taking the project from £191,600 to £199,000.
The sequence cannot be defended by cost slope alone. N, O and P can be accelerated through additional design or procurement resource and controlled parallel checking. S is cheap to shorten, but reducing a tender period too aggressively could weaken supplier response quality, so only one day is removed. AA, AB, and AD have higher slopes but can be accelerated through additional labour, extended shifts, or tighter sequencing, subject to site and supervision constraints. Activities controlled by external bodies were not selected simply because additional project labour does not guarantee a faster external decision.
This judgement is consistent with recent time-cost research. Akin et al. (2023) show that project crashing interacts with quality cost and contractual conditions, while Turkoglu, Polat and Akin (2023) argue that consuming all available crash duration can reduce schedule flexibility. Senses and Kumral (2024) further demonstrate that time-cost trade-offs change under uncertainty. For the EV hub, the cheapest theoretical day is therefore not automatically the best day to buy: a £400 saving on one activity would be poor value if it increased rework, safety exposure, or supplier-quality risk elsewhere.
The £7,400 premium is approximately 3.9% of the normal project cost for an 8.75% reduction in planned duration. That looks potentially attractive, but the case provides no monetary value for opening seven days earlier. It would therefore be unjustified to claim that crashing is economically optimal. A real approval would compare the premium with avoided delay costs, operational benefit and any increase in quality or safety risk.
After each one-day reduction the CPM network was recalculated. The model reduced by one day at every step and no alternative path overtook the critical paths. This recalculation is essential. If a parallel path became equally long, further crashing on only one path could increase cost without reducing project duration. Crash costing is therefore treated as a network decision rather than a simple ranking of slopes.

	ID
	Normal d.
	Crash d.
	Normal cost
	Crash cost
	£/day
	Days saved
	Project d.
	Project cost

	N
	5
	4
	£4,200
	£5,200
	£1,000
	1
	79
	£192,600

	O
	4
	3
	£2,400
	£3,100
	£700
	1
	78
	£193,300

	P
	3
	2
	£1,600
	£2,100
	£500
	1
	77
	£193,800

	S
	7
	6
	£700
	£1,100
	£400
	1
	76
	£194,200

	AA
	6
	5
	£18,000
	£19,800
	£1,800
	1
	75
	£196,000

	AB
	5
	4
	£14,500
	£15,900
	£1,400
	1
	74
	£197,400

	AD
	5
	4
	£16,000
	£17,600
	£1,600
	1
	73
	£199,000



[bookmark: _Toc240317021]7. Project handover
Handover is treated as a process that starts before the final day, not as the moment the chargers are physically handed to the university. Too et al. (2023) found that rushed handovers and weak collaboration between delivery teams and end users can create dissatisfaction and a performance gap. For this project, the receiving estates and IT teams therefore need to be involved before commissioning so that operational requirements, evidence, and responsibilities are agreed while the project team is still available.
The handover package should include as-built drawings, electrical test and commissioning records, O&M manuals, warranties, asset information, software and back-office administration access, maintenance contacts, training records, emergency isolation procedures, and an agreed defect list. Testing must cover both the physical and digital system. A charger could pass an electrical installation test but still fail operationally if payment, authentication, or network communication is unreliable. Quality assurance and quality control are therefore both required before acceptance (Thorn, 2026d).
There is also a conflict between the crashed day-73 target and handover quality. If the team is rewarded only for the date, there is an incentive to transfer unresolved defects to operations. Rodrigues et al. (2024) identify risk blind spots at the transition from infrastructure delivery to operations, which supports using explicit acceptance criteria rather than schedule achievement alone. Safety, electrical, accessibility and core software failures should prevent acceptance; minor cosmetic defects can be logged with owners and closure dates.
Final acceptance should be evidence-based and include training and knowledge transfer, not only documents. Research on building handover identifies poor information fidelity and insufficient end-user consideration as recurring problems (Zou et al., 2021). This wider acceptance basis is consistent with research showing that project performance should not be reduced to a single efficiency measure such as time or cost (Pavez et al., 2022; Korhonen et al., 2023). Lessons learned should also capture DNO coordination, supplier lead times, campus disruption, and digital integration because these are likely to affect later expansion of the charging hub.

[bookmark: _Toc240317022]8. Conclusion
The analysis produces an 80-working-day baseline for the 12-bay university EV charging hub, with two closely related critical paths caused by the parallel C and D activities. The network identifies where delay has the greatest schedule effect, but the baseline remains conditional on uncertain external approvals, supplier performance, and resource availability. PERT and the risk register therefore add value by exposing uncertainty that the deterministic network cannot represent fully.
The main management priorities are DNO coordination, electrical capacity, equipment delivery, and the transition from installation to operational acceptance. The normal planning cost is £191,600. The model can be reduced by exactly seven days to seventy-three working days for an additional £7,400, giving a final cost of £199,000. However, the acceleration should only be approved if the value of earlier completion exceeds the extra cost and the associated quality, safety, and flexibility risks. Overall, the project is manageable under the stated assumptions, provided the schedule, risk register and communication plan are updated as evidence replaces estimates and handover is based on verified acceptance rather than the target date alone.
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Appendix A - Activity schedule and CPM calculations
	ID
	Activity
	Dur.
	Pred.
	ES
	EF
	LS
	LF
	Float

	A
	Project charter and objectives
	2
	-
	0
	2
	0
	2
	0

	B
	Stakeholder identification
	2
	A
	2
	4
	3
	5
	1

	C
	Site feasibility survey
	3
	A
	2
	5
	2
	5
	0

	D
	Demand and utilisation analysis
	3
	A
	2
	5
	2
	5
	0

	E
	Initial business case
	4
	B, C, D
	5
	9
	5
	9
	0

	F
	Project approval / Gate 1
	2
	E
	9
	11
	9
	11
	0

	G
	Detailed site survey
	3
	F
	11
	14
	12
	15
	1

	H
	Electrical load assessment
	3
	F
	11
	14
	11
	14
	0

	I
	DNO pre-application/grid enquiry
	5
	H
	14
	19
	14
	19
	0

	J
	Planning and regulatory review
	3
	F
	11
	14
	12
	15
	1

	K
	Concept design
	4
	G, H, J
	14
	18
	15
	19
	1

	L
	Accessibility and bay-layout design
	3
	G, J
	14
	17
	21
	24
	7

	M
	Fire and H&S design review
	2
	K
	18
	20
	22
	24
	4

	N
	Detailed electrical design
	5
	K, I
	19
	24
	19
	24
	0

	O
	Technical specification
	4
	L, M, N
	24
	28
	24
	28
	0

	P
	Tender documentation
	3
	O
	28
	31
	28
	31
	0

	Q
	Supplier market engagement
	4
	F
	11
	15
	27
	31
	16

	R
	Issue tender
	1
	P, Q
	31
	32
	31
	32
	0

	S
	Tender period
	7
	R
	32
	39
	32
	39
	0

	T
	Tender evaluation
	3
	S
	39
	42
	39
	42
	0

	U
	Supplier due diligence
	3
	T
	42
	45
	42
	45
	0

	V
	Contract award
	2
	U
	45
	47
	45
	47
	0

	W
	Formal DNO connection application
	8
	I, V
	47
	55
	52
	60
	5

	X
	Planning permission/consent
	10
	J
	14
	24
	37
	47
	23

	Y
	Procure chargers and switchgear
	10
	V
	47
	57
	55
	65
	8

	Z
	Mobilisation and site setup
	2
	V, X
	47
	49
	47
	49
	0

	AA
	Civil works and trenching
	6
	Z
	49
	55
	49
	55
	0

	AB
	Ducting and cabling
	5
	AA
	55
	60
	55
	60
	0

	AC
	Foundations and charging-bay works
	4
	AA
	55
	59
	61
	65
	6

	AD
	Distribution board/electrical upgrades
	5
	AB, W
	60
	65
	60
	65
	0

	AE
	Install EV chargers
	4
	AC, AD, Y
	65
	69
	65
	69
	0

	AF
	Network and back-office integration
	3
	AE
	69
	72
	69
	72
	0

	AG
	Testing and commissioning
	3
	AF
	72
	75
	72
	75
	0

	AH
	User acceptance testing
	2
	AG
	75
	77
	75
	77
	0

	AI
	Staff training and operating procedures
	2
	AF
	72
	74
	75
	77
	3

	AJ
	Handover documentation/O&M manuals
	2
	AH, AI
	77
	79
	77
	79
	0

	AK
	Final acceptance and project closure
	1
	AJ
	79
	80
	79
	80
	0





Appendix B - Full risk register
	ID
	Risk
	Prob.
	Impact
	Exposure
	Treatment
	Residual

	R1
	DNO connection or energisation delay
	0.35
	£18,000
	£6,300
	Early DNO engagement; complete technical submission; milestone reviews
	£3,240

	R2
	Insufficient available electrical capacity
	0.2
	£25,000
	£5,000
	Load survey; demand management; design alternative before tender
	£2,000

	R3
	Charger/switchgear delivery delay
	0.3
	£14,000
	£4,200
	Early order; approved alternatives; supplier progress checks
	£1,680

	R4
	Unknown underground services
	0.2
	£12,000
	£2,400
	Utility records, CAT/Genny survey, and trial holes
	£960

	R5
	Planning/consent delay
	0.15
	£10,000
	£1,500
	Pre-application check and complete drawings
	£700

	R6
	Site H&S incident during civil works
	0.1
	£30,000
	£3,000
	RAMS, segregation, permits, supervision, and audits
	£1,200

	R7
	Commissioning/electrical test failure
	0.15
	£12,000
	£1,800
	Factory checks, staged testing, and competent installer
	£720

	R8
	Back-office/payment integration failure
	0.2
	£9,000
	£1,800
	Interface specification, sandbox test, and supplier support
	£720

	R9
	Cost escalation/change after award
	0.2
	£15,000
	£3,000
	Clear scope, change control and defined allowances
	£1,500

	R10
	Accessibility/layout non-compliance
	0.1
	£10,000
	£1,000
	Accessibility review before design freeze
	£300

	R11
	Campus disruption/stakeholder complaint
	0.25
	£5,000
	£1,250
	Phased access plan, notices and out-of-hours work where justified
	£500

	R12
	Lower-than-forecast utilisation
	0.2
	£20,000
	£4,000
	Demand analysis, phased capacity and post-handover monitoring
	£2,400


















Appendix C - Activity cost table
	ID
	Activity
	Cost

	A
	Project charter and objectives
	£900

	B
	Stakeholder identification
	£700

	C
	Site feasibility survey
	£1,800

	D
	Demand and utilisation analysis
	£1,200

	E
	Initial business case
	£1,800

	F
	Project approval / Gate 1
	£600

	G
	Detailed site survey
	£2,200

	H
	Electrical load assessment
	£2,100

	I
	DNO pre-application/grid enquiry
	£1,200

	J
	Planning and regulatory review
	£900

	K
	Concept design
	£2,800

	L
	Accessibility and bay-layout design
	£1,500

	M
	Fire and H&S design review
	£1,200

	N
	Detailed electrical design
	£4,200

	O
	Technical specification
	£2,400

	P
	Tender documentation
	£1,600

	Q
	Supplier market engagement
	£900

	R
	Issue tender
	£300

	S
	Tender period
	£700

	T
	Tender evaluation
	£1,500

	U
	Supplier due diligence
	£1,000

	V
	Contract award
	£600

	W
	Formal DNO connection application
	£3,500

	X
	Planning permission/consent
	£1,800

	Y
	Procure chargers and switchgear
	£72,000

	Z
	Mobilisation and site setup
	£2,500

	AA
	Civil works and trenching
	£18,000

	AB
	Ducting and cabling
	£14,500

	AC
	Foundations and charging-bay works
	£8,500

	AD
	Distribution board/electrical upgrades
	£16,000

	AE
	Install EV chargers
	£10,500

	AF
	Network and back-office integration
	£4,800

	AG
	Testing and commissioning
	£3,600

	AH
	User acceptance testing
	£1,200

	AI
	Staff training and operating procedures
	£900

	AJ
	Handover documentation/O&M manuals
	£1,200

	AK
	Final acceptance and project closure
	£500

	
	TOTAL
	£191,600
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