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Abstract

Offshore oil and gas capital projects must deliver cost, schedule and safety performance together, yet the
research behind each objective has developed separately. This integrative review synthesizes 415 peer-
reviewed journal and conference articles published between 1984 and 2022 on cost and schedule
performance, project governance and decision frameworks, safety risk management in project execu-
tion, and digital and sustainability enablers of project controls. Records were identified through
publisher platforms, scholarly search and reference-list chaining and coded by domain, sector, method
and cross-domain integration. The evidence base is dominated by governance and decision frameworks
(168 studies) and safety risk management (138), followed by digital and sustainability enablers (78)
and cost and schedule performance (31). Only 47 studies, 11.3 percent, address oil, gas or offshore
projects directly, and none of the digital studies do so. Only 14 studies, 3.4 percent, connect two or more
of cost, schedule and safety in a single analysis, and most of these concern the cost of accidents or the
effect of production pressure on safety. The review finds consistent evidence that optimism bias, weak
front-end governance and contractual misalignment drive overruns, and that schedule pressure and
contractor arrangements shape safety outcomes, but little evidence on how these mechanisms interact.
An integrative framework linking governance gates, a shared risk model and a common data layer is
proposed, with a research agenda for offshore projects.

Keywords: offshore capital projects; project controls; cost overrun; safety climate; leading indicators;
project governance; integrative review

1 Introduction

Offshore oil and gas capital projects are judged on three outcomes that are rarely managed as one:
whether they are delivered within budget, whether they reach first oil on schedule, and whether they
are built, installed and commissioned without serious harm to people. Benchmarking of industry
megaprojects has shown that a large share of oil and gas projects overrun their budgets or schedules,
and that the causes lie mainly in front-end definition, governance and execution practice [1-3]. Stud-
ies of megaprojects across sectors confirm that overruns are systematic rather than random [4-6],
and reviews of construction cost overrun research have argued that the field has become repetitive
and superficial in its treatment of causes [7, 8]. At the same time, the construction, fabrication, install-
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ation and commissioning phases of these projects expose large workforces to high hazards, and
studies of offshore workforces have linked safety climate and management practice to safety per-
formance [9, 10].

The research that addresses these outcomes has developed in largely separate communities. Cost and
schedule performance has been studied through cost overrun analysis, estimating accuracy, optimism
bias and reference class forecasting [11-13]. Governance and decision frameworks have been studied
through project governance, stage-gate processes, decision analysis, real options, portfolio
management and contracting strategy [14-18]. Safety risk management has been studied through
safety culture and climate, leading indicators, permit-to-work systems and the effects of production
pressure [19-22]. Digital technologies such as building information modelling, digital twins and
machine learning, and sustainability and ESG considerations, have more recently been proposed as
enablers of better project controls [23-25], alongside growing greenhouse gas disclosure and ESG
compliance obligations for energy and infrastructure enterprises [26]. Each body of work has its own
journals, methods and evidence base.

The separation matters because cost, schedule and safety are causally linked during execution.
Schedule pressure has been associated with unsafe behaviour and with under-reporting of accidents
[22, 27, 28], accidents impose direct and indirect costs on projects [29-31], and contracting arrange-
ments shape both commercial behaviour and safety climate among contractors [32-35]. Decisions
taken at governance gates about scope, schedule targets and contracting therefore affect all three
outcomes, but the evidence that would allow decision makers to anticipate these effects is scattered.
0il and gas offshore projects add specific features, including remote fabrication, marine installation,
simultaneous operations and commissioning of hydrocarbon systems, which make generalization
from building and infrastructure research uncertain [36-38]. Frameworks developed for these set-
tings, such as risk-based process engineering for the reliability of natural gas infrastructure and
operational integrity in high-risk drilling, where productivity has to be balanced against safety
compliance, show that the tension between output and safety is already recognized in oil and gas op-
erations [39, 40].

This paper reports an integrative review of cost, schedule and safety risk management in offshore oil
and gas capital projects. It addresses four questions: What is the size and composition of the evidence
base across the four domains of cost and schedule, governance and decision frameworks, safety risk
management and digital and sustainability enablers? How much of it concerns oil, gas and offshore
projects directly? What does it show about the mechanisms that drive each outcome? And how much
of it examines the interactions between cost, schedule and safety? The review follows integrative
review methods [41, 42] and is reported with reference to established guidance for evidence-
informed management reviews [43, 44]. The paper then sets out the background, the review meth-
ods, the results, the discussion and research agenda, and the conclusions.

2 Background

This section describes the decision points in the life cycle of an offshore capital project, the reasons
for treating cost, schedule and safety as interdependent outcomes and the rationale for an integrative
rather than a systematic or narrative review. It draws on the literature on large engineering projects,
which has emphasized that their outcomes are shaped by institutional arrangements, governance and
early strategic choices as much as by execution [45-47], and on the safety literature, which has
shown that organizational conditions created upstream of the work shape the safety of those who
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perform it [48-50]. These perspectives together motivate a review that crosses the boundaries
between project management, decision analysis and safety science.

2.1 Decision points in offshore capital projects

Offshore capital projects pass through appraisal, concept selection, front-end engineering, sanction,
execution and start-up, with formal decision gates between phases [15, 51, 52]. At each gate the own-
er commits resources on the basis of cost and schedule estimates, risk assessments and contracting
strategy [53-55]. Supply chain choices made in the same period, including the allocation of supply
risk in EPC and gas processing projects, the resilience of supply to gas processing plants and the
optimization of procurement in oil and gas operations, also set the exposure of the project to cost and
schedule risk [56-58]. The front end, before sanction, is where governance structures, decision
quality and the realism of estimates are determined [47, 59, 60], and the execution phase is where
contractors’ performance, schedule pressure and safety management determine outcomes [61-63].
Field development decisions also involve optimization of production systems and the valuation of
flexibility, such as staged development and subsea tiebacks, which affect both value and risk [64-66].
Organizational theory has long recognized that the uncertainty of Norwegian offshore projects
required administrative arrangements suited to that uncertainty [67].

2.2 Cost, schedule and safety as interdependent outcomes

The traditional iron triangle of cost, time and quality has been criticized for omitting outcomes such
as benefits and safety [68-70], and project success is now understood as multidimensional [71, 72].
For capital projects, safety is both an outcome in its own right and a determinant of cost and
schedule: serious incidents stop work, trigger investigations and impose direct and indirect costs
[73-75]. Conversely, cost and schedule pressures influence safety through job demands, resource
allocation and the informal practices that workers adopt to meet targets [28, 76, 77]. Conceptual
models of human error causation in high-risk construction and industrial activities, and of the
recurrence of unsafe behaviours in high-hazard worksites, locate much of this influence in the
organizational conditions that targets create [78, 79]. Studies linking construction safety with quality
performance and with overall project performance suggest that the same management practices
support all of these outcomes [80, 81]. A review that treats cost, schedule and safety separately
cannot detect these interactions.

2.3 Rationale for an integrative review

Reviews in management and engineering vary in purpose and method, from narrative reviews to
systematic reviews, meta-analyses and meta-narrative reviews [82-84]. Systematic reviews aim for
exhaustive identification and appraisal of studies addressing a narrow question [43, 85, 86], whereas
integrative reviews combine diverse empirical and conceptual literatures to generate new
frameworks and perspectives on a broad topic [41, 42, 44]. The present topic spans four research
communities with different methodologies, so an integrative approach is appropriate, consistent with
guidance on balancing systematic and narrative strengths [87], on conceptual contributions [88], on
review purpose and structure [89, 90] and on knowledge diffusion reviews in organizational settings
[91]. Grey literature such as industry and regulator reports was retained as context [92].
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3 Methods

This section describes the design of the review, the search strategy, the eligibility criteria, the
screening process, the coding of studies and the approach to synthesis and quality appraisal. The
review followed the stages of problem identification, literature search, data evaluation, data analysis
and presentation described by Whittemore and Knafl [42], with the structure recommended by Tor-
raco for integrative reviews [41] and the transparency principles of evidence-informed management
reviews [43, 44]. Reporting of the search and selection follows the logic of review flow diagrams used
in systematic reviews, adapted to an integrative design [85, 86]. The four methodological choices that
most affect the results, namely the domain structure, the use of reference-list chaining, the treatment
of grey literature and the keyword-based coding, are described in the subsections that follow so that
their influence on the findings can be judged [44, 92].

3.1 Review design

The review was organized around the four domains introduced above. Cost and schedule covers
studies of overruns, estimating accuracy, optimism bias, reference class forecasting and schedule
pressure. Governance and decision frameworks covers project and megaproject governance, stage-
gates, decision analysis and quality, real options, portfolio management, contracting, owner roles,
partnering, alliancing, learning and benchmarking. Safety risk management covers safety culture and
climate, leading and lagging indicators, contractor safety, safety leadership, permit to work,
management of change, simultaneous operations, work pressure and the costs of accidents. Digital
and sustainability enablers covers building information modelling, digital twins, machine learning for
cost and schedule forecasting, and sustainability and ESG in project management. Domains were
defined in advance and refined during preliminary scoping, in the manner recommended for
integrative reviews that span heterogeneous literatures [41, 42, 82]. Practice-oriented frameworks
were allocated by their primary object: models of contractor safety governance and internal QHSE
audit systems were coded to safety risk management, and frameworks for liability and dispute
prevention in energy service contracts were coded to governance and decision frameworks [35, 93,
94].

3.2 Search strategy

Records were identified in October 2022 through publisher platforms and scholarly search, using
combinations of domain and context terms, and through reference-list chaining from the
bibliographies of included reviews and highly cited studies [43, 92]. Table 1 lists the search concepts
for each domain. Searches were run separately for each domain and sub-topic so that prolific topics
did not crowd out less studied ones [44, 85]. Each candidate record was retained only after its title,
authors, year and venue had been confirmed against a publisher page, an indexed record or the
reference list of a published article [89, 92].

Table 1. Search concepts used for each review domain.

Domain Practice and topic terms Context terms

Cost and schedule cost overrun; schedule delay; estimate accuracy; optimism bias;  capital project;
reference class forecasting; schedule pressure megaproject; oil and gas;
offshore; construction
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Domain Practice and topic terms Context terms
Governance and project governance; stage-gate; decision analysis; decision oil and gas; field

decision quality; real options; portfolio management; project development;
frameworks management office; contracting strategy; EPC; alliance; megaproject; engineering

partnering; owner capabilities; lessons learned; benchmarking project

Safety risk safety culture; safety climate; leading indicators; lagging construction; oil and gas;
management indicators; contractor safety; safety leadership; permit to work;  offshore; process
management of change; simultaneous operations; production industry

pressure; cost of accidents

Digital and building information modelling; 4D BIM; 5D BIM; digital twin; construction; capital
sustainability machine learning; artificial intelligence; cost forecasting; delay project; infrastructure;
enablers prediction; sustainability; ESG energy

3.3 Eligibility criteria

Table 2 summarizes the eligibility criteria. Peer-reviewed journal articles and conference papers
were eligible if they examined cost, schedule or safety performance, or the governance, decision,
contracting, digital or sustainability practices that influence them, in capital projects in oil and gas,
energy, infrastructure, construction or cross-sector settings [41, 42]. Building and infrastructure
studies were included because preliminary scoping showed that they hold most of the empirical
research on safety climate, leading indicators and digital project controls that is applied in oil and gas
projects [95-97]. Books, standards and institutional reports were retained as context but excluded
from the quantitative synthesis, and review methodology references were excluded from the
evidence base [82, 92].

Table 2. Eligibility criteria.

Criterion Included Excluded from synthesis
Publication Peer-reviewed journal articles and conference papers Books, standards and reports
type (retained as context)
Topic Cost, schedule or safety performance in capital projects, and Topics without a link to
practices that influence them project outcomes
Sector 0il and gas and offshore; energy, infrastructure and public None
projects; construction and building; cross-sector project
management
Date All years to October 2022 None
Verification Bibliographic details confirmed Records whose details could

not be confirmed

Method Not applicable Review and synthesis
references methodology references

3.4 Screening and selection

Figure 1 shows the flow of records. The searches and reference-list chaining identified 452 records,
all of which were screened against the criteria. Of these, 21 were review methodology references and
16 were books, standards or reports, and these 37 records were excluded from the synthesis but
cited where they inform interpretation. The remaining 415 peer-reviewed articles were assessed for
eligibility and included. As in reviews that combine targeted searching with reference-list chaining,
records were screened for topical relevance before they were recorded, so no further exclusions

https://doi.org/10.64388/IREV5110-1724115 ISSN 2456-8880 Paper ID: 1724115 | Page 445


https://doi.org/10.64388/IREV5I10-1724115

Iconic Research and Engineering Journals Vol. 5, Issue 10, April 2022

arose at the eligibility stage [85, 92]. Duplicate records were removed during merging of the domain
searches, and records appearing in more than one domain search were assigned to a single domain
according to their primary topic [42].

Records identified through publisher
platforms, scholarly search and
reference-list chaining (n = 452)

l Excluded from

synthesis, retained
as context (n = 37):
—> review methodology
references (n = 21);
books, standards
l and reports (n = 16)

Records screened on title, venue and
bibliographic verification (n = 452)

Peer-reviewed journal and conference
articles assessed for eligibility
(n =415)

l

Studies included in synthesis (n = 415):
cost and schedule (n = 31)
safety risk management (n = 138)
governance and decision
frameworks (n = 168)
digital and sustainability
enablers (n = 78)

Figure 1. Flow of records through identification, screening and inclusion.

3.5 Coding

Each included study was coded on five variables. The domain was assigned as cost and schedule,
governance and decision frameworks, safety risk management, or digital and sustainability enablers.
The sector was coded as oil, gas and offshore; energy, infrastructure and public projects; construction
and building; or general and cross-sector. The research method was coded as review, quantitative
modelling, empirical survey or analysis, case study, or conceptual. The publication period was coded
in four bands. Finally, each study was flagged as cross-domain if it analysed two or more of cost,
schedule and safety together. Coding used keyword rules applied to titles, topic labels and venues,
which is suited to mapping a large and heterogeneous literature, and the rules were checked against a
sample of records before final coding [44, 98, 99].

3.6 Synthesis and appraisal

The synthesis combined a descriptive analysis of the coded variables with thematic synthesis within
each domain. Thematic synthesis followed the approach of Thomas and Harden, in which findings are
coded, organized into descriptive themes and then developed into analytical themes that go beyond
the primary studies [100], drawing on thematic analysis methods [101], critical reviews of qualitative
synthesis methods [102] and frameworks for transferring knowledge into action [103]. Because the
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studies range from conceptual frameworks to meta-analyses, no single quality appraisal instrument
was applied; instead, the strength of evidence for each mechanism was judged by the number,
method and setting of supporting studies, consistent with integrative review practice [41, 42, 86].
The analytical themes were then combined into the integrative framework presented in the discus-
sion [88, 89].

4 Results

This section reports the characteristics of the evidence base and the thematic synthesis within each
domain. It first describes the distribution of studies by domain, period, sector and method; then
synthesizes the evidence on cost and schedule, governance and decision frameworks, safety risk
management and digital and sustainability enablers; and finally examines the studies that connect
cost, schedule and safety. Counts refer to the 415 included studies; books, standards and reports are
cited where they inform interpretation [42, 92]. Throughout, findings from oil, gas and offshore
projects are distinguished from findings in other sectors, because the transferability of evidence is
one of the questions the review addresses [1, 2, 9].

4.1 Characteristics of the evidence base

The 415 included studies were published between 1984 and 2022. Governance and decision frame-
works is the largest domain with 168 studies, followed by safety risk management with 138, digital
and sustainability enablers with 78 and cost and schedule with 31. Table 3 and Figure 2 show their
distribution by period. Governance research grew strongly in the 2010s, when megaproject
governance, portfolio management and relational contracting became prominent [17, 104, 105].
Safety research has a long base in the safety climate literature from the 1990s and 2000s [19, 106,
107] and grew further through work on leading indicators in the 2010s [20, 108, 109]. Digital and
sustainability research is the most recent, with 31 of its 78 studies published from 2020 to 2022,
reflecting the growth of digital twin and machine learning research [97, 110, 111].

Table 3. Included studies by domain and publication period.

Domain Before 2000 2000 to 2009  2010to 2019  2020to 2022  Total
Cost and schedule 0 10 18 3 31
Governance and decision frameworks 13 40 93 22 168
Safety risk management 3 33 74 28 138
Digital and sustainability enablers 0 7 40 31 78
Total 16 90 225 84 415
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Table 4 and Figure 3 show the sectoral distribution. Only 47 studies, 11.3 percent, address oil, gas or

offshore projects directly. Of these, 21 concern safety, mostly safety climate and culture in oil and gas

and offshore workforces [112-114], 23 concern governance and decisions, including real options for

field development, stage-gate practice and supply chain risk in EPC and gas processing projects [51,
56,115, 116], three concern cost and schedule [58, 117, 118] and none concern digital and sustainab-

ility enablers. Construction and building projects contribute 156 studies and cross-sector project

management 166. Most of what is known about project controls, digital tools and safety indicators in

offshore projects is therefore inferred from other sectors [95-97].

Table 4. Included studies by domain and sector.

Domain Oil, gas and Energy, infrastructure Construction General and Total
offshore and public projects and building cross-sector

Cost and schedule 3 9 10 9 31

Governance and de- 23 22 31 92 168

cision frameworks

Safety risk management 21 4 67 46 138

Digital and sustainabil- 0 11 48 19 78

ity enablers

Total 47 46 156 166 415
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Figure 3. Included studies by domain and sector. Cell values are study counts.

Table 5 shows the distribution of research methods. Conceptual studies are the largest group, 198 of
415, concentrated in governance research. Empirical surveys and analyses, 87 studies, are concen-
trated in safety research, where safety climate questionnaires and indicator studies predominate
[119-121]. Quantitative modelling, 61 studies, is concentrated in the digital domain, where machine
learning cost and delay prediction dominates [24, 111, 122], and in governance, where real options
valuation is the main quantitative method [115, 123, 124]. Reviews account for 47 studies and case
studies for 22.

Table 5. Included studies by domain and research method.

Domain Case Conceptu- Empiricc Quantitative model- Re- Total
study al al ling view

Cost and schedule 1 19 1 9 1 31

Governance and decision frame- 5 98 31 16 18 168

works

Safety risk management 14 57 44 7 16 138

Digital and sustainability enablers 2 24 11 29 12 78

Total 22 198 87 61 47 415

4.2 Cost and schedule performance

The 31 cost and schedule studies address three themes: the size and causes of overruns, the
behavioural biases that produce optimistic estimates and the reference class forecasting methods
proposed to correct them, and the accuracy of estimating together with the effects of schedule
pressure. The domain is drawn mainly from transport, energy and building projects, with only three
studies set in oil and gas, two of which concern optimism in production forecasting and the economic
consequences of schedule acceleration [117, 118] while the third addresses strategic procurement
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optimization [58]. The themes are synthesized below in turn, with attention to the mechanisms that
the governance and safety domains also invoke [6, 125].

4.2.1 Overruns and their causes

The cost and schedule literature agrees that overruns are common and persistent. Flyvbjerg and
colleagues showed that cost underestimation in public works is systematic and asked whether it
reflects error or deception [12], and later analyses identified the causes of overrun in transport infra-
structure [11] and set out what decision makers should know about cost overrun [6]. Odeck ex-
amined the size and determinants of road construction overruns [126], Rosenfeld conducted root-
cause analysis of construction cost overruns [127], and Love and colleagues reviewed the landscape
of overruns in transport infrastructure [8]. Ahiaga-Dagbui and Smith criticized cost overrun research
as superficial and stagnant [7], and Eden and colleagues described how project costs grow through
systemic interactions between disruptions [128]. In energy, Callegari and colleagues analysed the
relationship between size and overruns in energy megaprojects [3], and Ansar and colleagues docu-
mented large overruns in hydropower [129]. Dahlin and Bengtsson-Sjors compared client and con-
tractor perspectives on cost and time overruns [130], and Caffieri and colleagues examined cost con-
trol through production planning in major capital projects [131]. Nwafor and colleagues proposed an
analytical framework for improving efficiency in public infrastructure delivery systems, treating
delivery performance as the product of institutional and procedural design [132].

4.2.2 Optimism bias and reference class forecasting

Behavioural explanations of overruns emphasize optimism and strategic misrepresentation. Lovallo
and Kahneman described how optimism undermines executives’ decisions [133], Kahneman and col-
leagues proposed methods for checking big decisions [134] and examined the conditions under
which intuitive expertise can be trusted [135], and Klein proposed the project premortem [136].
Flyvbjerg reviewed the top behavioural biases in project management [125]. Groupthink remains a
recognized decision bias [137]. In oil and gas, Bratvold and colleagues showed that production
forecasts are persistently optimistic and overconfident [138], and Nesvold and Bratvold proposed
methods for debiasing probabilistic forecasts [117].

Reference class forecasting, derived from Kahneman and Tversky’s outside view, was introduced to
project management by Flyvbjerg [13]. Its statistical basis has been examined [139], and it has been
applied to hydroelectric dams [140], project portfolios with empirical evaluation [141], and Turkish
public construction and building projects [142, 143], and combined with earned value management
and exponential smoothing [144].

4.2.3 Estimating accuracy and schedule pressure

Estimating accuracy has been studied through data mining of overruns [145], cognition and learning
in estimation [146], comparisons of estimation methods for building projects [147] and correlated
cost risk models [148]. Schedule pressure in oil developments has been shown to have economic
costs: Nandurdikar and Kirkham found that chasing schedules in oil developments led to production
shortfalls and lower value [118]. Genetic algorithm methods for resource scheduling of construction
projects [149-151] illustrate the optimization tools available for schedule management, but the cost
and schedule domain contains few studies specific to offshore projects. The one oil and gas
framework on procurement optimization addresses the cost of supply rather than schedule [58]. The
evidence on schedule pressure therefore comes mainly from the safety domain, discussed under
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work pressure and safety, where production pressure has been linked to unsafe behaviour and under-
reporting [22, 27].

4.3 Governance and decision frameworks

The 168 governance and decision studies form the largest domain. They cover project and megapro-
ject governance, stage-gate and decision processes, real options and flexibility valuation, portfolio
management and project management offices, contracting, alliancing, partnering and owner roles,
and learning and benchmarking. Twenty-three concern oil and gas, concentrated in real options
valuation of field developments, in stage-gate and decision practice and in supply chain risk and
resilience for gas processing [51, 57, 115, 116]. Most of the remainder is conceptual or cross-sector,
which reflects the theoretical orientation of project governance research [14, 152]. The domain is
nonetheless where the decisions that set cost, schedule and safety conditions for execution are
examined, so it supplies the link between front-end choices and execution outcomes [45, 47]. The six
themes are synthesized below.

4.3.1 Project and megaproject governance

The governance of large engineering projects was examined by Miller and Lessard, who showed that
institutional arrangements and strategic shaping of risks determine outcomes [45], and by Floricel
and Miller, who analysed strategizing for anticipated risks and turbulence [46]. Project governance
has since been conceptualized through governance mechanisms in project-based organizations [153],
the management of project management [154], organizational enablers of governance and govern-
mentality [152], a book-length treatment [14] and its role in strategy implementation [155]. Studies
have examined governance structures and risk management in major infrastructure [156], systems
engineering for governance in complex projects [157], the normalization of deviance [158], megapro-
ject governance frameworks [159] and governance schemes for public investment projects [52].
Megaproject governance research has addressed risk and uncertainty [160], polycentric organizing
[161], institutional complexity [162], dynamic governance [163], organizational behaviour [104], the
success and performance of megaprojects [71, 164], megaproject risk identification [165], the past
and present of megaprojects [166] and project temporalities [167]. Complexity in large engineering
projects has been measured through technical, organizational and environmental dimensions [168],
structural and dynamic complexity have been contrasted [169] and the contingency approach to pro-
ject types has been developed [170].

4.3.2 Stage-gates, decision analysis and decision quality

Stage-gate processes were developed for new product development [15] and adapted to oil and gas
projects, where their benefits and failure modes have been examined [51]. Front-end governance of
major public projects [47], the link between the front end and operations [59], information-feed to
megaproject decisions [60] and why oil and gas project decisions are not always made as they should
be [54] have been studied. Decision analysis provides the normative basis for these decisions [171,
172], with oil and gas applications set out in texts on making good decisions [55]. Decision quality
has been defined [173], decision makers’ skills examined [174] and team commitment in integrated
project delivery related to decision dynamics [175]. Project controls and performance management
have been studied through nudges [176], tensions between control and flexibility [177], the emphasis
on control over flexibility in project management [178], flexibility in complex infrastructure projects
[179], the dominant project management discourse in the light of overruns [180] and stakeholder-re-
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lated risks [181]. Systemic risk assessment [182] and risk management effectiveness across indus-
tries [183] connect governance with risk.

4.3.3 Real options and flexibility

Real options analysis values managerial flexibility in oil and gas investments. Ekern applied option
pricing to petroleum projects [184], and Smith and colleagues integrated option pricing with decision
analysis for risky projects and oil properties and reported lessons from practice [16, 185, 186]. Bino-
mial decision trees [124], technical uncertainty [187], least-squares Monte Carlo valuation [115],
two-factor price models for abandonment [123], the value of waiting in exploration [188] and the ef-
fects of oil price uncertainty and carbon taxes [189] extend the approach. Field development applica-
tions include staged development with optional wells [190], mature offshore fields solved by
stochastic programming [116], flexible subsea tiebacks [65], cluster development of marginal UK dis-
coveries [66] and optimization methods for field development and production systems [64].

4.3.4 Portfolio management and project management offices

Project portfolio management allocates resources across projects and has been examined through
integrated selection frameworks [191], new product portfolio practices [192], decision support for
selection [193], the resource allocation syndrome [194], the role of single-project management [195],
portfolio control in different contexts [196], the gap between enacted and espoused practice [197],
business strategy [198], the roles of portfolio offices [199], internal stakeholders [200], management
quality [201], practice in context [17], uncertainties in portfolios [202], success factors beyond selec-
tion [203], decision-making quality and agility [204] and portfolio risk management [205]. Project
management offices have been studied through their features and performance [206], their organiza-
tional role [207, 208], their transitions [209] and portfolio steering committees [210].

4.3.5 Contracting, alliancing, partnering and owner roles

Contracting strategy determines how risk and incentives are allocated between owner and
contractors. Studies have addressed the choice of contracting method [211-213], contract manage-
ment theory [18, 214], the effect of contract types and incentives [34], risk-based delivery selection
[215], integrated project delivery [216], performance of design-build and related methods [217], in-
centive and disincentive contracts on industrial projects [218, 219] and contracting for oil and gas
processing facilities [53]. In energy markets, studies have addressed liability mitigation and dispute
prevention in high-value energy service contracts [94], force majeure and contractual resilience in
global energy supply chains through a systematic review [220], the streamlining of statutory bidding
workflows through corporate policy advocacy [221] and the reduction of contract errors in engineer-
ing teams through cross-functional legal education [222]. Partnering has been studied in 280
construction projects [223] and critically reviewed [224-228], and partnering in international EPC
projects has been linked to performance and contractor capability [229, 230]. Alliance contracting
has been defined, assessed for motivation and trust in an oil industry alliance and in public projects,
and theorized [33, 105, 231-241], with gainshare and painshare optimization [242]. Relational con-
tracting has been defined and its practices examined [243-247], and joint risk management through
relational contracting proposed [248]. Owner roles and capabilities have been examined through
principal-agent communication [249], the domains of project organizing [250], owner capabilities in
infrastructure and social infrastructure [251, 252], owner challenges in UK government projects
[253], incentive mechanisms for owner risk management [254] and dynamic capabilities on
Heathrow Terminal 5 [255]. Owner-contractor collaboration, trust and supply chain integration have
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been studied extensively [61, 62, 256-259], and supply chain risk management and resilience frame-
works have been proposed for EPC and gas processing projects [56, 57].

4.3.6 Learning, lessons learned and benchmarking

Lessons learned are widely recommended but often not acted upon. Reviews of project learning
methods [260], studies of whether organizations learn lessons from projects [261, 262], practitioner
perspectives on causal approaches [263], lessons learned practice in construction and EPC [264,
265], double-loop learning [266], lessons learned from lessons learned [267] and the systemic les-
sons learned knowledge model [268, 269] document the problem. Project learning in project-based
organizations has been examined through organizational routines [270], holistic views [271], learn-
ing flows [272], and interorganizational projects [273], and knowledge management systems provide
the conceptual foundation [274]. Project capabilities and operational outcomes [275, 276] and
benchmarking for partnering and complex projects [277, 278] complete this theme, and an organiza-
tional learning-based maturity model has been proposed for continuous improvement of safety per-
formance [279]. Performance measurement in megaprojects has been reviewed [280], the reasons
why projects fail have been examined in oil and gas [63], and Kassem and colleagues assessed extern-
al risk factors for oil and gas projects [281].

4.4 Safety risk management

The 138 safety studies cover safety culture and climate, the oil, gas and offshore safety literature,
leading and lagging indicators, contractor safety, leadership and programmes, permit to work,
management of change and simultaneous operations, work pressure, and the costs of accidents. This
domain contains more oil and gas evidence than any other, with 21 studies, and more empirical
survey research, reflecting the long tradition of safety climate measurement [9, 19, 95]. Its focus on
the workforce and the worksite means that it connects naturally with project execution, although few
studies examine project-level decisions directly [282, 283]. The seven themes are synthesized below.

4.4.1 Safety culture and safety climate

Safety culture has been conceptualized as an organizational property and debated as philosopher’s
stone or man of straw [284], reviewed in theory and practice [49], analysed through its paradoxes
[48] and modelled [285]. Safety climate, the shared perceptions of safety policies and practices, was
measured on construction sites by Dedobbeleer and Béland [106], and its common features were
identified by Flin and colleagues [107]. Neal, Griffin and colleagues linked organizational climate,
safety climate, motivation and behaviour [286-288], and meta-analyses by Clarke and by Christian
and colleagues confirmed relationships between climate and safety performance [289, 290]. Zohar
reflected on thirty years of research [19], and the Nordic Safety Climate Questionnaire provided a
widely used instrument [119]. In construction, safety climate has been studied in road construction
[291], union and non-union workforces [292], site environments [293], Hong Kong [294-296], per-
ceived accident risk [297], company measurement [298], group-level climate [299], error manage-
ment and communication [300], Chinese companies [301], multilevel surveys [302], the literature
[95], indicators [303], resilience [304], safety performance [120], corporate safety culture [305] and
interaction models [306]. Studies of safety consciousness [307] and safety behaviour antecedents
[308] extend this work.
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4.4.2 Safety climate and culture in oil, gas and offshore work

The oil and gas and offshore literature is the largest sector-specific component of the evidence base.
Mearns and colleagues examined human and organizational factors in offshore safety and the rela-
tionship between safety climate, management practice and performance offshore [9, 10]. Studies
have examined safety compliance offshore [114], safety culture regulation in Norway [309], the actu-
al safety performance of Malaysian offshore platforms [310], major accident prevention through hy-
drocarbon leak case studies [311], occupational health hazards [312], leadership and communication
[313], safety compliance and climate in Norway [112], safety climate and participation in the
petroleum industry [314], climate and compliance relationships [113], process safety culture in
China [315] and health, safety and environment culture in the United Arab Emirates [316]. Conceptu-
al frameworks have also addressed operational integrity in high-risk drilling [40] and risk-based pro-
cess engineering for natural gas infrastructure [39]. Salas and Hallowell assessed the predictive
validity of leading indicators in oil and gas [317].

4.4.3 Leading and lagging indicators

The measurement of safety performance has shifted from lagging indicators such as injury rates
toward leading indicators. Kjellén revisited the safety measurement problem [318], Mearns asked
whether leading performance indicators can deliver [319], and conceptual work addressed organiza-
tional indicators [320, 321], system safety [322], competency and effectiveness indicators [323],
management system performance [324], occupational health and safety performance [121, 325, 326],
problems with observation reporting [327], quantitative dominance [328] and construction safety
performance indicators [329]. In construction, Hinze and colleagues identified leading indicators
[20], Hallowell and colleagues developed proactive safety control [108], and studies examined causal
relations between lead and lag indicators [330], worker safety performance [331], systems ap-
proaches [332], monitoring of construction safety conditions [333], temporal analysis on a large in-
frastructure project [109], case studies in Tennessee [334], machine learning [335], critical success
factors [336], Internet of Things frameworks [337], safety prediction methods [338], predictors of
serious injuries and fatalities [339] and systematic reviews [96]. Process safety leading indicators
[340, 341] extend this to process settings. Under-reporting of injuries undermines lagging indicators
[342].

4.4.4 Contractor safety, leadership and programmes

Contractor arrangements are central to project safety. Lingard and colleagues showed how safety
climate varies across subcontracting levels and how perceptions of supervisors mediate climate ef-
fects [32, 343]. Contractor safety assessment programmes, safety maturity and safety
prequalification have been studied [344-346], and associations between leading and lagging indicat-
ors in contractor programmes tested [347]. Governance-oriented models of contractor safety in
multi-contract industrial projects [35] and of construction safety risk governance in multi-contractor
high-rise projects [348] treat the contracting structure itself as a safety variable. Safety leadership
through verbal communication, recognition programmes and supervisory influence [349-351], safety
management practices and worker engagement [352], safety programme effectiveness [353], best
practices in safety management [354], conceptualization of construction project safety management
[282], safety standards across countries [355] and safety in the Olympic Park and the CityCenter pro-
jects [283, 356] illustrate the practices that support safety on large projects. Further work has
examined leadership-driven safety culture transformation in large construction workforces [357], the
link between the frequency and coverage of management safety walkthroughs and safety culture in
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megaprojects [358], workforce safety training models [359], internal QHSE audit systems [93], the in-
stitutionalization of life-preserving safety practices in project-based organizations [360] and hazard
identification and risk control in urban construction, reviewed systematically [361]. Hollnagel’s dis-
tinction between Safety-I and Safety-II offers a complementary perspective on how safety is achieved
in normal work [50].

4.4.5 Permit to work, management of change and simultaneous operations

Permit-to-work systems control hazardous work and are particularly important during commission-
ing and simultaneous operations. Studies have proposed more effective permit systems [21], web-
based hazardous work management [362], electronic permits at Qatargas [363], human error analys-
is of permit systems [364], permits as a risk control strategy in mining [365] and identification of
permit disconformities and fault creators in commissioning [38, 366]. Management of change has
been addressed through integrated safety during change in the chemical industry and lessons from
staff reductions [367, 368]. Industry recommended practice on simultaneous operations provides
guidance for offshore projects in which construction, commissioning and production overlap [37],
and operational risk assessment of offshore transport barges illustrates installation-phase risk [36].
Heavy lifting, crane installation and rigging, which dominate module installation and hook-up, have
been addressed through conceptual risk management and risk pathway models [369, 370].

4.4.6 Work pressure and safety

Work pressure links schedule targets to safety outcomes. Job demands and resources affect safety
behaviour and outcomes, as shown in studies and a meta-analysis of the job demands-resources
model [76, 77,371, 372]. Production pressure has been associated with poorer safety performance in
construction [22] and with pressure to reduce accident reporting [27], and workers manage produc-
tion pressures through dangerous informality [28]. Conceptual work explains why unsafe behaviours
recur in high-hazard worksites [79] and how operational integrity can be maintained when drilling
productivity competes with safety compliance [40]. Safety-related stress [373] and the interaction of
psychological capital with work pressure [374] add individual-level perspectives. Together these
studies suggest that schedule targets set at governance gates reach the worksite as job demands, and
that their safety effect depends on the resources and safety climate available to absorb them [76,
288].

4.4.7 Costs of accidents and the business case for safety

The costs of accidents provide the economic link between safety and project performance. Studies
have estimated the costs of occupational injuries in US construction [73], the costs to Britain of work-
place injuries [74], the true costs of construction accidents in South Africa and Australia [29, 30], the
costs in Oman and the Gulf Cooperation Council [75, 375] and the cost-benefit of accident prevention
[31]. Safety investment has been related to the social costs of accidents [376], safety performance
[377] and the interaction with safety culture and project hazard [378]. Building information model-
ling has been applied to safety risk management in modular construction [379], and digital twins to
workforce safety [380].

4.5 Digital and sustainability enablers

The 78 studies in this domain address building information modelling for cost and schedule, digital
twins, machine learning for cost and schedule forecasting, and sustainability and ESG in project
management. It is the most recent domain, with two in five of its studies published from 2020 to
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2022, and the most quantitative, with machine learning models predominant [24, 111, 122]. None of
its studies is set in an oil, gas or offshore project, so its relevance to offshore project controls rests on
transfer from construction, infrastructure and energy settings [97, 381]. Its studies also rarely evalu-
ate the effect of digital tools on realized cost, schedule or safety outcomes, focusing instead on
prediction accuracy or conceptual development [110, 111]. The four themes are synthesized below.

4.5.1 Building information modelling for cost and schedule

Building information modelling and its 4D and 5D extensions link design models with schedule and
cost. Early feasibility studies of 4D CAD [382], workspace interference management [383], contractor
coordination [384], workspace management with industry foundation classes [385], surveys of 4D
BIM use [386], virtual reality for constructability [387], site logistics for engineer-to-order systems
[388], acceptance in EPC projects in China [389], integrated project delivery-based 4D processes
[390], mobile crane simulation [391], schedule generation [392], environmental planning [393], pro-
gress monitoring [394] and earned duration-based decision support [395] represent 4D research. 5D
BIM has been examined through the integration of quantity surveyors [396] and machine learning
classification of material costs [397]. Broader BIM research has addressed facilities management
[398], transformation of construction [399], integrated MEP management [400], augmented reality
[401] and adoption by public clients [402]. Big data [403] and artificial intelligence in the architec-
ture, engineering and construction industry [404] provide the data foundation.

4.5.2 Digital twins

Digital twins have been reviewed in production systems and manufacturing [405, 406], introduced as
a means of mitigating emergent behaviour in complex systems [407], and examined for buildings
[408], construction information systems [409], infrastructure connectivity [410], semantic
construction twins [411], civil infrastructure [412, 413], intelligent buildings [23], built assets [414],
construction management [381], concept to practice [110], design change propagation [415], and the
AEC-FM industry [97]. Digital twins for circular construction [416] and embodied carbon estimation
[417] connect digital tools with sustainability. Across these studies a digital twin is distinguished
from a static building information model by a two-way link with the physical asset that is refreshed
with sensor and progress data, which is the property that makes it relevant to construction progress
monitoring and workforce safety [380, 381].

4.5.3 Machine learning for cost and schedule forecasting

Machine learning has been applied extensively to construction cost estimation and forecasting.
Evolutionary fuzzy and hybrid neural networks for conceptual estimates and cash flow [418-421],
principal component analysis with support vector machines [422], interval estimation of cost at com-
pletion [423], optimized award price prediction [424], cost index forecasting [425], economic vari-
able models [426], gradient boosting [24], support vector models for bridges [427], highway cost
items [428], stacking ensembles [111], and early-stage estimates [429] represent this work. Machine
learning for schedule includes S-curve estimation [430], logistics delay prediction [431], hybrid delay
risk prediction [432] and comparisons of algorithms for delay risk [122]. Other project control ap-
plications include contractor classification [433], dispute prediction in public-private partnerships
[434] and labour productivity prediction [435].

4.5.4 Sustainability and ESG in project management

Sustainability has entered project management through the triple bottom line [436], corporate sus-
tainability strategies [437], sustainability assessment of industries and construction projects [438,
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439] and sustainable project life cycle management [440]. Silvius and colleagues reviewed sustainab-
ility in project management, examined its consideration in decision making, proposed it as a school of
thought and explored project managers’ intentions to address it [25, 441-443], and others reviewed
project management as a route to sustainability [444], examined the introduction of sustainability
into the project management function [445, 446], stakeholder theory [447] and sustainable project
management frameworks [448]. ESG research has reviewed progress [449], integrated ESG data into
investment decisions [450], evaluated energy projects from a sustainability perspective [451, 452]
and reviewed greenhouse gas disclosure and ESG compliance obligations for energy and
infrastructure enterprises under evolving regulatory regimes [26].

4.6 Evidence connecting cost, schedule and safety

Only 14 of the 415 studies, 3.4 percent, analyse two or more of cost, schedule and safety together.
Table 6 classifies them. Seven concern the costs of accidents or the cost-benefit of safety investment
[29-31, 73, 75, 375, 376]. Two concern the effect of production pressure on safety and accident re-
porting [22, 27]. Three concern cost and time overruns together [3, 130, 217], one examines the iron
triangle as a success criterion [68] and one shows the economic cost of chasing schedules in oil devel-
opments [118]. None models how a governance or contracting decision affects cost, schedule and
safety simultaneously, and none is set in an offshore project. Safety and project performance have
been related through quality and safety management practices [80, 81], but these studies were not
flagged as cross-domain because they do not measure cost or schedule directly.

Table 6. Studies connecting cost, schedule and safety.

Type of connection Number of Principal finding Representative
studies studies

Cost of accidents and safety 7 Accidents impose direct and indirect costs well [29, 30, 376]

investment above insured costs; safety investment reduces

social costs

Production pressure and 2 Production pressure is associated with poorer [22,27]
safety safety performance and under-reporting of
accidents
Cost and schedule overruns 3 Cost and time overruns share drivers; [3,130, 217]
together perspectives of owners and contractors differ
Success criteria spanning 1 Cost, time and quality are incomplete criteria of  [68]
cost and time success
Schedule acceleration and 1 Chasing schedules reduced production [118]
value in oil developments attainment and value
Total 14

5 Discussion

This section interprets the findings, presents an integrative framework derived from the thematic
synthesis, sets out a research agenda for offshore oil and gas capital projects and considers the
limitations of the review. The discussion is guided by the purpose of integrative reviews, which is to
generate new perspectives on a topic by combining literatures that have developed separately [41,
42], and by the observation from large engineering project research that outcomes emerge from the
interaction of institutional, organizational and technical factors rather than from any single practice
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[45, 46, 168]. It also reflects the safety science view that hazards at the worksite are shaped by
organizational conditions created far from it, including the targets and contracts set by project gov-
ernance [48, 50].

5.1 Principal findings

Four findings stand out. First, the evidence base is large but unevenly distributed across domains:
governance and decision frameworks and safety risk management account for 74 percent of studies,
while cost and schedule performance, which project controls are intended to deliver, accounts for
only 7 percent of the studies in this review. Second, only about one in nine studies concerns oil, gas or
offshore projects, and the oil and gas evidence is concentrated in safety climate and in real options
valuation, while digital project controls have not been studied in offshore projects at all [97, 112,
115]. Third, the methods used differ by domain, with conceptual work in governance, questionnaire
surveys in safety and machine learning models in the digital domain, which makes evidence difficult
to combine [14, 19, 24]. Fourth, only 3.4 percent of studies connect cost, schedule and safety, and
those that do mostly quantify one direction of influence, such as the cost of accidents or the effect of
production pressure, rather than the joint effect of a decision on all three outcomes [22, 29, 118].

Within domains, the evidence is consistent on several mechanisms. Optimism bias and strategic
misrepresentation contribute to overruns, and reference class forecasting can correct estimates when
suitable reference classes exist [12, 13, 140]. Weak front-end governance and decision processes
allow unrealistic targets to pass decision gates [47, 51, 54]. Contracting arrangements that align in-
centives and build trust, such as alliances and relational contracts, are associated with better
performance, although the evidence is mainly from infrastructure [34, 239, 246]. Safety climate is
consistently related to safety behaviour and outcomes [289, 290], leading indicators are increasingly
used though their predictive validity remains contested [96, 317, 328], and production pressure is as-
sociated with poorer safety and under-reporting [22, 27].

5.2 An integrative framework

Figure 4 presents an integrative framework that combines the analytical themes of the review. At the
top, governance and decision gates set the targets, contracting strategy and risk appetite for the
project, using decision quality principles and reference class forecasting to test the realism of estim-
ates [13, 15, 173]. In the middle, cost and schedule controls and safety risk management are connec-
ted through an integrated project risk register and model that represents the drivers they share:
schedule pressure, change, complexity and contractor capability [22, 32, 128, 168]. At the base, a
common digital and data layer, comprising 4D and 5D models, digital twins, machine learning
forecasts, incident and progress data and ESG metrics, supplies all three functions with consistent in-
formation [26, 111, 381, 395]. A learning loop through lessons learned and benchmarking feeds
evidence from completed projects back into the reference classes and risk models used at the next
gate 1,268, 278, 279].
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Governance and decision gates

stage-gates, decision quality,
reference class forecasting

Cost and schedule
controls

probabilistic
estimates, earned
value, contingency,

schedule risk

Integrated risk
register and model

shared drivers:
schedule pressure,
change, complexity,
contractor capability

Safety risk
management

leading indicators,
safety climate,
permit to work,
management

of change

AN /.

Digital and data layer

4D and 5D BIM, digital twins, machine learning
forecasting, incident and progress data,
ESG and carbon metrics

Learning loop: lessons learned
and benchmarking

Figure 4. Integrative framework linking governance gates, cost and schedule controls, safety risk management, a
shared risk model and a common digital and data layer, with a learning loop.

The framework differs from existing approaches in two respects. It treats schedule pressure, change
and contractor capability as shared drivers that must appear in both the cost and schedule risk model
and the safety risk assessment, so that a decision to accelerate the schedule is evaluated for its safety
consequences as well as its value [28, 76, 118]. And it places leading safety indicators alongside
earned value and schedule performance indicators in the same control dashboard, so that deteriora-
tion in safety climate or permit compliance is visible to the same decision makers who review cost
and schedule performance [108, 109, 176, 358]. Both features follow from the evidence that the three
outcomes are causally linked, and both are absent from the reviewed literature [80, 81].

5.3 Research agenda

Table 7 sets out a research agenda for offshore oil and gas capital projects. The highest priority is to
generate offshore-specific evidence on how cost, schedule and safety interact, for example by
analysing whether schedule recovery measures during fabrication, hook-up and commissioning are
followed by changes in incident rates and permit violations [37, 38, 118]. A second priority is to eval-
uate digital project controls in offshore projects, where digital twins and 4D models have been
proposed but not studied [97, 381, 389]. A third is to test leading safety indicators for their ability to
predict serious incidents in offshore construction and commissioning, building on work in onshore
oil and gas and infrastructure [109, 317, 339]. A fourth is to examine how reference class forecasting
and decision quality practices can be applied at oil and gas decision gates with reference classes
drawn from industry benchmarking [2, 54, 139].
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Gap

Research need

Suggested approach

Few offshore-specific
studies

Little cross-domain
evidence

No offshore digital
project controls studies

Uncertain predictive
validity of leading
indicators

Limited use of the outside
view

Contracting evidence
mainly from
infrastructure

ESG weakly integrated in
project appraisal

Evidence on cost, schedule and safety in
offshore fabrication, installation and
commissioning

Joint effects of schedule pressure, change
and contracting on cost, schedule and
safety

Value of 4D and 5D models, digital twins
and machine learning forecasting
offshore

Prediction of serious incidents during
construction and commissioning

Reference class forecasting at oil and gas
decision gates

Effect of alliance and relational
contracting on offshore safety and cost

Carbon and social metrics in offshore
project decisions

Multi-project case studies and operator
benchmarking data

Longitudinal analysis linking project
controls data with incident and leading-
indicator data

Pilot implementations with controlled
comparison

Prospective studies across multiple
offshore projects

Construction of reference classes from
benchmarking databases

Comparative studies of contracting
models in offshore developments

Decision-analytic studies of ESG trade-
offs at sanction

5.4 Limitations

The review has several limitations. Records were identified through publisher platforms, scholarly
search and reference-list chaining rather than a fixed set of bibliographic databases, which suits a
review spanning several research communities but may have missed poorly indexed studies [85, 92].
The domain allocation reflects the topics searched, so the relative sizes of the domains partly reflect
search effort as well as the size of each literature; in particular, the small cost and schedule domain
should not be read as evidence that cost and schedule research is scarce in general. Coding was
performed on bibliographic records using keyword rules rather than full texts, and the cross-domain
flag is conservative because it relies on titles [44, 98]. Quality appraisal was not scored because of
methodological heterogeneity [42, 86]. Finally, the conclusions about offshore projects rest partly on
evidence transferred from construction and infrastructure, whose applicability offshore is itself un-
certain [95, 239].

6 Conclusion

This integrative review synthesized 415 studies of cost, schedule and safety risk management in
capital projects, with a focus on offshore oil and gas. The evidence base is dominated by governance
and decision frameworks and by safety risk management, with smaller literatures on digital and
sustainability enablers and on cost and schedule performance. Only about one in nine studies
concerns oil, gas or offshore projects, none of the digital studies does so, and only one in thirty
connects cost, schedule and safety in a single analysis.

Within domains, the evidence consistently shows that optimism bias and weak front-end governance
drive overruns, that aligned contracting and owner capabilities support performance, that safety
climate and leadership shape safety outcomes, and that production pressure undermines safety and
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its reporting. What the evidence does not show is how these mechanisms interact in offshore
projects, where fabrication, marine installation, simultaneous operations and commissioning create

distinctive conditions.

The integrative framework proposed here links governance gates, a shared risk model that carries
the drivers common to cost, schedule and safety, and a common digital and data layer, closed by a
learning loop. Its central implication for practice is that decisions on schedule targets, acceleration
and contracting should be evaluated for their safety consequences as well as their cost and schedule
value, and that leading safety indicators should sit alongside earned value in project control. The
research agenda identifies the offshore-specific, cross-domain evidence needed to put that
implication on a firmer empirical basis.
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