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Abstract 

Strategic capital expenditure planning has 

become a sustainability governance mechanism, 

not merely a financial exercise. This paper 

develops the Sustainability-Adjusted 

Manufacturing Investment Governance 

Architecture (SAMIGA) to address a 

documented gap: sustainability-adjusted 

investment metrics are structurally disconnected 

from operational CAPEX approval in most 

manufacturing organisations. Drawing on peer-

reviewed literature published between 2020 and 

2025 and implementation evidence from a 

regional FMCG manufacturer operating a multi-

site manufacturing network across the IMEA 

region, the paper proposes a five-component 

framework and a quantified scoring tool, the 

SAMIGA Composite Governance Score (CGS). 

Before governance reform, approval cycles 

averaged 23 days, monthly reporting consumed 

seven hours of manual effort, and audit 

preparation required two weeks; after reform, 

cycle time fell by 40 per cent, reporting effort 

dropped to under one hour, and documentation 

completeness rose from 55 to 87 per cent. The 

CGS operationalises the framework through a 

weighted scoring equation enabling comparable 

portfolio ranking, supported by a scoring rubric, 

a worked three-project example, and a post-

investment verification protocol. Comparative 

analysis confirms that SAMIGA addresses a gap 

not covered by ISO 14031, ISO 55000, GRI 

Standards 2021, or IFRS S1/S2. The framework 

offers a practical governance architecture aligned 

with Saudi Vision 2030, the National Industrial 

Development and Logistics Programme, and the 

Saudi Green Initiative. 

 

Keywords: Strategic CAPEX. Sustainable 

Manufacturing. SAMIGA. CGS. Lifecycle 

Costing. ESG Governance. Capital Allocation. 

Vision 2030. NIDLP. Manufacturing 

Infrastructure. 

 Resumo 

O planejamento estratégico de despesas de 

capital tornou-se um mecanismo de governança 

da sustentabilidade, e não apenas um exercício 

financeiro. Este artigo desenvolve a Arquitetura 

de Governança do Investimento em Manufatura 

Ajustada à Sustentabilidade (SAMIGA) para 

abordar uma lacuna comprovada: as métricas 

de investimento ajustadas à sustentabilidade 

estão estruturalmente desconectadas da 

aprovação operacional do CAPEX na maioria 

das organizações de manufatura. Com base na 

literatura revisada por pares publicada entre 

2020 e 2025 e em evidências de implementação 

de um fabricante regional de bens de consumo 

de alta rotatividade (FMCG) que opera uma 

rede de produção com várias unidades na região 

IMEA, o artigo propõe uma estrutura de cinco 

componentes e uma ferramenta de pontuação 

quantificada, a Pontuação Composto de 

Governança SAMIGA (CGS). Antes da reforma 

de governança, os ciclos de aprovação levavam, 

em média, 23 dias, os relatórios mensais 

consumiam sete horas de trabalho manual e a 

preparação para auditoria exigia duas 

semanas; após a reforma, o tempo de ciclo caiu 

40%, o esforço de elaboração de relatórios 

reduziu-se para menos de uma hora e a 

integridade da documentação aumentou de 55% 

para 87%. O CGS operacionaliza a estrutura 

por meio de uma equação de pontuação 

ponderada que permite uma classificação 

comparável do portfólio, apoiada por uma 

tabela de pontuação, um exemplo prático com 

três projetos e um protocolo de verificação pós-

investimento. A análise comparativa confirma 

que a SAMIGA aborda uma lacuna não coberta 

pelas normas ISO 14031, ISO 55000, GRI 

Standards 2021 ou IFRS S1/S2. A estrutura 

oferece uma arquitetura de governança prática 

alinhada com a Visão 2030 da Arábia Saudita, 

o Programa Nacional de Desenvolvimento 

mailto:sharoz@live.com


 2  STRATEGIC CAPEX PLANNING FOR SUSTAINABLE MANUFACTURING INFRASTRUCTURE  

 

Veredas do Direito, v.23, e237611 – 2026 

 

Industrial e Logística (NIDLP) e a Iniciativa 

Verde Saudita. 

 

Palavras-chave: CAPEX estratégico. 

Manufatura sustentável. SAMIGA. CGS. Custeio 

do ciclo de vida. Governança ESG. Alocação de 

capital. Visão 2030. NIDLP. Infraestrutura de 

manufatura. 

 

 

1 INTRODUCTION 

 

Manufacturing infrastructure decisions lock in energy demand, emissions 

intensity, maintenance patterns, and digital capability for a decade or more. Getting those 

decisions right  not just financially, but from a sustainability and resilience perspective is 

one of the most consequential governance acts a manufacturing organisation can perform. 

Most organisations are not structured to do this well. Traditional capital budgeting 

focuses on internal rate of return, payback period, and capacity requirements. These 

remain necessary, but they are no longer sufficient. Research consistently finds that 

Industry 4.0 and sustainability investments deliver their expected returns only when 

embedded in disciplined governance rather than treated as isolated technical acquisitions 

(Machado et al., 2020; Ching et al., 2021; Shabur et al., 2024). 

The governance costs of inadequate planning are real, if rarely published. A safety 

upgrade stalled in an email queue and missing its maintenance window. A quarterly 

finance scramble to reconstruct approval trails from archived correspondence. A post-

project review that never occurs because the original business case no longer exists in 

retrievable form. In a multi-site IMEA manufacturing organisation studied for this paper, 

average approval cycle time was 23 days, monthly reporting consumed around seven 

hours of manual effort, and post-implementation audit took two weeks of document 

recovery. These are not edge cases they represent what inadequate governance 

infrastructure looks like operationally. 

Three strategic pressures have raised the stakes. Decarbonisation and 

environmental regulation demand structured investment in efficient equipment and low-

waste processes. Competitive intensity requires flexible, data-connected factories. 

Investors and customers increasingly require auditable ESG performance, not policy 
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statements. The IFRS Foundation formalised this expectation with IFRS S1 and S2 in 

2023, requiring sustainability risks and opportunities to be reflected in financial reporting 

and governance (IFRS Foundation, 2023a; 2023b). For Saudi manufacturers, Vision 2030 

and the NIDLP add a further strategic dimension: CAPEX decisions are instruments of 

national industrial modernisation. The SAMIGA framework is designed to make those 

decisions both financially disciplined and sustainability-informed. 

 

2 AIM AND OBJECTIVES 

 

The aim is to develop a structured, operationalised framework for strategic 

CAPEX planning that closes the governance gap between sustainability reporting and 

capital allocation. Six objectives guide the work: to synthesise literature from 2020 to 

2025 on sustainable manufacturing investment and ESG-linked infrastructure planning; 

to map the governance disconnection through documented evidence; to propose the 

SAMIGA framework with a quantified CGS equation; to present practical decision tools 

including a scorecard, rubric, and post-investment protocol; to illustrate through a worked 

numerical example; and to identify research gaps for future empirical work. 

 

3 METHODOLOGY 

 

The paper adopts a structured narrative review methodology spanning operations 

management, industrial engineering, sustainability accounting, energy management, 

digital transformation, and corporate governance. The search covered Scopus, Web of 

Science, SpringerLink, ScienceDirect, and Emerald Insight, supplemented by 

institutional reports from the IEA, OECD, World Economic Forum, IFRS Foundation, 

GRI, and ISO. Around 210 records were identified through database searching. After 

removing duplicates and screening titles and abstracts, 68 full texts were assessed for 

eligibility, of which 58 were included in the thematic synthesis that informed framework 

development. From these, the most representative and methodologically robust sources 

are cited directly in this manuscript; the synthesis draws on the wider screened corpus 

without citing every screened record individually, consistent with narrative review 

practice. The directly cited corpus comprises peer-reviewed journal papers, international 
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standards, and institutional reports published between 2020 and 2025, supplemented by 

foundational earlier works where they remain the authoritative source (for example, 

lifecycle costing methodology). 

Inclusion criteria required sources to: (a) address manufacturing assets, 

investment governance, or sustainability measurement; (b) be published between 2020 

and 2025; and (c) provide analytical, empirical, or standards-based content relevant to 

capital investment decisions. 

Operational governance evidence from a regional FMCG organisation drawn from 

a formal pre-implementation governance audit (fourteen participants; 45 to 90 minutes 

per session), twelve-month post-deployment performance data, and practitioner failure-

mode analysis across multiple IMEA sites  informed framework development and is 

presented in Section 4.6 in anonymised form. The author was involved in the design and 

deployment of the governance system studied; this is acknowledged as a methodological 

limitation mitigated through transparent reporting of both outcomes and failures. 

 

4 LITERATURE REVIEW 

 

4.1 Sustainable manufacturing and infrastructure investment 

 

Sustainable manufacturing means producing goods through processes that 

minimise environmental harm, conserve resources, protect people, and remain 

economically viable (Moldavska & Welo, 2017; Garetti and Taisch, 2012). Infrastructure 

investment decisions lock in performance characteristics energy intensity, maintenance 

requirements, material recovery for ten years or more (Faulkner & Badurdeen, 2014). The 

governance architecture surrounding those decisions therefore carries consequences 

extending well beyond the approval event itself. 

Industry 4.0 research has expanded the conception of sustainable infrastructure by 

adding digital capability to physical assets. Ching et al. (2021) demonstrate that Industry 

4.0 applications support sustainable manufacturing through improved monitoring, 

optimisation, and decision quality. Machado et al. (2020) confirm that sustainable 

manufacturing in Industry 4.0 generates an emerging research agenda connecting 

operational efficiency with environmental responsibility, while Ghobakhloo (2020) maps 
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the specific mechanisms through which digitization creates sustainability opportunities 

across energy, waste, and resource productivity. Benefits materialise only when 

governance frameworks connect data visibility with decision authority the connection 

SAMIGA is designed to establish. 

 

4.2 Sustainability metrics and measurement logic 

 

Effective CAPEX governance requires forward-looking sustainability 

measurement rather than retrospective reporting (Feng & Joung, 2009; ISO 14031, 2021). 

A proposal for a new heat recovery unit or digital twin must estimate how it will alter 

future emissions and operating cost. The practical barrier is structural: sustainability 

reporting and capital budgeting operate as separate administrative processes in most 

organisations. Eccles et al. (2014) identify this disconnection as a systemic failure in 

corporate sustainability governance, a finding confirmed operationally in the studied 

organisation where sustainability indicators were collected post-implementation but 

played no role in approval scoring. 

 

4.3 Lifecycle costing and value-based appraisal 

 

Lifecycle costing extends investment appraisal beyond purchase price to include 

engineering, installation, training, energy, maintenance, downtime, compliance, 

decommissioning, and residual value (Dhillon, 2010; Norris, 2001). Fuller and Petersen 

(1996) demonstrated that lifecycle cost analysis systematically reverses procurement-

based investment rankings for energy infrastructure, a finding updated in the context of 

industrial decarbonisation by Saygin et al. (2015). The IEA (2022; 2023; 2024) 

consistently illustrates that clean energy and industrial transition assets deliver returns 

distributed across asset life rather than in early payback periods. Governance systems 

mandating lifecycle cost disclosure at submission produce materially more complete 

appraisals: the studied organisation found that structured financial justification templates 

raised documentation completeness from 55 to 87 per cent within twelve months. 
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4.4 Digital transformation and CAPEX governance 

 

Digital transformation reconfigures CAPEX governance because data platforms 

and physical assets can no longer be planned independently (Elnadi & Abdallah, 2023). 

Studies of Gulf manufacturing enterprises consistently find that internal governance 

functions such as CAPEX approval are among the most frequently cited sources of 

operational friction yet among the least frequently included in formal digitalization 

programmes (Elnadi & Abdallah, 2023). A 2023 Deloitte survey found that top-quartile 

digital manufacturers were three times as likely as peers to have digitalized governance 

and approval processes. Martinez (2023) reviewed low-code platform deployments and 

found governance applications consistently lagging operational applications in maturity 

— a pattern directly observable in the studied organisation prior to implementation. 

 

4.5 Decarbonisation, circularity, and resilience 

 

Manufacturing CAPEX increasingly spans three sustainability investment types 

requiring distinct evaluation logic. Decarbonisation projects carry compliance floors and 

long-term carbon cost exposure (IEA, 2022; Philibert, 2017). The World Economic 

Forum (2023) emphasises that industrial decarbonisation requires coordinated action 

across technology, finance, demand, and policy. Circularity investments generate 

material recovery value and avoided waste cost streams that standard payback 

calculations do not capture (Geissdoerfer et al., 2017; Atif, 2021). Resilience projects 

involve strategic optionality requiring scenario analysis rather than deterministic payback 

calculations (Ivanov, 2021; Queiroz et al., 2020). A framework treating all three 

investment types through the same financial lens will systematically underinvest in 

transition and resilience relative to efficiency. 

 

4.6 Practice gap: evidence from regional manufacturing governance 

 

A formal governance audit in a regional FMCG manufacturing organisation — a 

multi-site production network across the IMEA region established four quantified 

baseline measures. Approval cycle time from submission to sign-off: 23 days. Monthly 
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reporting effort: approximately seven hours of manual reconciliation per cycle. Post-

implementation audit preparation: two weeks of document recovery. Documentation 

completeness at submission: approximately 55 per cent. 

Stage-gated approval structures and financial modelling requirements existed in 

principle. Sustainability metrics did not form part of the scoring against which competing 

CAPEX proposals were ranked. Carbon exposure, energy intensity, water impact, and 

material circularity were either estimated informally or deferred until after funding 

decisions had been recorded. This is the governance disconnection SAMIGA addresses 

directly. 

Following governance reform applying SAMIGA principles, approval cycle time 

fell by roughly 40 per cent to around 14 days. Monthly reporting effort dropped to under 

one hour. Post-implementation audit fell from two weeks to two days. Documentation 

completeness improved from 55 to 87 per cent. Forecast accuracy improved by 

approximately 25 per cent. These outcomes represent a structural change in the 

organisation’s governance architecture, not marginal process improvements. 

 

4.7 From conventional investment control to sustainability-adjusted governance 

 

To position SAMIGA as an evolution of established industrial governance rather 

than a replacement disconnected from practice, two internal governance artefacts from 

the studied organisation — a formal investment guideline and a capital expenditure 

workflow procedure — were examined through document analysis. The aim was to 

characterise the organisation’s established financial, procedural, and post-investment 

controls in anonymised terms, and to identify precisely where conventional governance 

is strong and where it leaves sustainability outside the decision logic. 

The analysis confirmed a consistent pattern reported across the conventional 

CAPEX governance literature. The established governance was financially and 

procedurally mature: it specified profitability metrics (net present value, internal rate of 

return, and discounted payback), defined decision authority by investment value, 

mandated standardised proposal documentation, required risk and sensitivity analysis, 

and prescribed post-completion review against approved commitments. Sustainability, 

however, was not formalised as a weighted, comparable investment dimension. 
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Environmental and legal considerations appeared primarily as compliance gates or 

qualitative commentary rather than being integrated into a systematic, scored 

prioritisation of competing projects. This is the precise gap SAMIGA is designed to close: 

it retains the financial discipline and approval accountability of conventional governance 

while converting sustainability from a qualitative aside into a structured, weighted 

dimension within portfolio scoring. 

Table 1 summarises how each element of conventional investment governance 

maps onto a corresponding SAMIGA extension. The comparison demonstrates that 

SAMIGA preserves established controls and extends them, rather than discarding mature 

governance practice. 

 

Table 1 

From conventional investment control to sustainability-adjusted governance. Source: 

Author synthesis of anonymised document analysis. 

Conventional governance 

element 

Existing strength SAMIGA extension 

NPV, IRR, and discounted 

payback 

Establishes financial viability and 

comparability 

Retained within the lifecycle-

economics scoring dimension 

Strategic alignment 

requirement 

Connects investment to 

organisational priorities 

Expanded to sustainability and 

industrial-policy alignment (Vision 

2030, NIDLP) 

Qualitative considerations Captures compliance, quality, 

workforce, and operational factors 

Converted into structured, weighted, 

evidence-anchored dimensions 

Risk and sensitivity analysis Addresses scenario and 

implementation risk 

Extended to climate, lifecycle, 

resilience, and transition risk 

Post-completion review Verifies financial and operational 

benefit realisation 

Adds sustainability baseline-versus-

outcome verification 

Decision authority by value Establishes accountability and 

delegated approval 

Complemented by transparent multi-

criteria portfolio prioritisation 

 

4.8 Comparative positioning against international standards 

 

Table 2 positions SAMIGA against four established international frameworks, 

demonstrating that none integrates sustainability into operational CAPEX approval 

scoring as SAMIGA does. 
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Table 2 

Comparative positioning of SAMIGA against established international standards. 

Source: Author synthesis. 

Criterion ISO 14031:2021 ISO 55000 GRI Standards 2021 IFRS S1/S2 (2023) 

Primary purpose Environmental 

performance evaluation 

Asset management 

governance 

Sustainability reporting Climate-related 

financial disclosure 

CAPEX approval 

integration 

Indirect; retrospective 

indicators only 

Asset lifecycle; limited 

sustainability scoring 

Post-reporting; not 

embedded in approval 

Financial risk 

disclosure; not 

project-level 

scoring 

Scores projects at 

submission 

No No No No 

What SAMIGA 

adds 

Forward-looking 

indicators within approval 

scoring 

Sustainability-adjusted 

lifecycle appraisal at 

submission 

Operational approval-

stage measurement 

Capital allocation 

aligned with 

climate risk at 

project level 

 

5 THE SAMIGA FRAMEWORK 

 

Figure 1 

SAMIGA: Sustainability-Adjusted Manufacturing Investment Governance Architecture. 

Five components form a closed governance cycle anchored by the CGS portfolio scoring 

equation. Dashed spokes indicate data flows from each component to the CGS engine.  

 
Source: Author. 
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The Sustainability-Adjusted Manufacturing Investment Governance Architecture 

contains five components, each designed to resolve a specific failure mode in 

conventional CAPEX governance. 

Component 1 — Strategic intent:  Senior management articulates the 

sustainability and business outcomes that capital projects must deliver. In the Saudi 

Vision 2030 context, this incorporates NIDLP alignment, Saudi Green Initiative 

commitments, and localisation objectives. Without this foundation, project proposals 

compete on short-term financial return, structurally excluding sustainability. 

Component 2 — Opportunity screening:  A structured pipeline of potential 

projects is maintained through energy audits, maintenance records, capacity studies, risk 

assessments, and technology roadmaps. Each project is classified as compliance, 

efficiency, transition, resilience, or strategic option. Without a structured pipeline, 

projects are initiated through informal escalation — the direct cause of traceability gaps 

extending audit preparation to two weeks. 

Component 3 — Sustainability measurement:  Before any funding decision, 

each project must define a baseline, expected improvement, data source, measurement 

frequency, responsible owner, and verification method. This closes the governance gap: 

sustainability is assessed at submission, not post-implementation. Embedding this in 

structured submission templates raised documentation completeness from 55 to 87 per 

cent in twelve months. 

Component 4 — Integrated investment appraisal:  Standard financial metrics 

are evaluated alongside sustainability-adjusted variables: carbon cost exposure, energy 

price sensitivity, compliance risk, avoided downtime, safety improvement, and strategic 

option value. The SAMIGA CGS operationalises this into a comparable portfolio ranking. 

Component 5 — Performance feedback:  Post-implementation results are 

compared with approved business case commitments. Shifting from document-dispersed 

to digitally centralised project records reduced audit preparation from two weeks to two 

days, making post-investment review genuinely operational. 
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6 CAPEX SCORECARD AND GOVERNANCE SCORING EQUATION 

 

6.1 The SAMIGA composite governance score 

 

The CGS is calculated as a weighted sum of normalised project scores across six 

dimensions: 

 

CGS = Σ (wᵢ × sᵢ)   for i = 1 to 6   (1) 

 

where:  

 

CGS ∈ [0, 100]   |   Σ wᵢ = 1.00   |   sᵢ ∈ [0, 10] 

 

Here, wᵢ is the portfolio-approved weight for dimension i, and sᵢ is the normalised 

score ranging from 0 (no measurable contribution) to 10 (full, verified fulfilment). 

Weights are set at portfolio governance level — not by individual project sponsors — and 

reviewed annually. The default weights represent expert-informed starting values derived 

from the governance audit findings and literature review. They are not prescriptive: 

organisations operating under different regulatory environments or strategic priorities 

should calibrate weights through structured expert elicitation such as the Delphi method 

(Linstone & Turoff, 2002). CGS weight calibration through multi-organisation Delphi 

validation is identified as a priority future research direction in Section 11. 

Table 3 presents the SAMIGA scorecard with default weights, sample indicators, 

and decision questions for each dimension. 
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Table 3 

SAMIGA sustainability-adjusted CAPEX scorecard. Default weights are expert-informed 

starting values; calibrate through structured expert elicitation before adoption. Subject 

to annual portfolio governance review. 

Dimension Sample Indicators Typical Data Source Decision Question Default Weight 

Strategic fit NIDLP alignment, 

net-zero target, 

capacity plan 

Strategy maps, Saudi 

Green Initiative 

roadmap 

Does the project 

support long-term 

industrial 

direction? 

0.15 

Lifecycle economics NPV, payback, 

energy savings, 

maintenance savings 

Finance model, asset 

history, supplier 

quotation 

Does full asset-life 

value justify 

investment? 

0.20 

Environmental impact Energy intensity, 

GHG reduction, 

water reuse, waste 

diversion 

Meters, LCA estimates, 

ISO 14031 indicators 

Will the project 

improve 

measurable 

sustainability 

outcomes? 

0.25 

Operational resilience Downtime reduction, 

flexibility, climate 

exposure 

Maintenance logs, risk 

register, scenario 

analysis 

Will the asset 

protect continuity 

under disruption? 

0.15 

Digital readiness Sensor availability, 

integration, 

dashboard visibility 

MES, ERP, SCADA, IT 

assessment 

Can sustainability 

benefits be 

measured post-

installation? 

0.10 

Social and safety value Safety risk reduction, 

ergonomics, skills 

development 

HSE data, training plan, 

incident records 

Does the project 

improve safe and 

responsible 

operations? 

0.15 

 

6.2 Scoring rubric with anchor descriptors 

 

Table 4 provides anchor descriptors at scores 0, 5, and 10 for each dimension, with 

the evidence required to support each score. Intermediate scores are assigned by the 

reviewing function based on submitted evidence. 
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Table 4 

SAMIGA CGS scoring rubric. Anchor descriptors and evidence requirements per 

dimension 

Dimension (wᵢ) Score = 0 Score = 5 Score = 10 Evidenced by 

Strategic fit (0.15) No documented 

alignment 

Partial alignment 

with one strategic 

objective 

Full alignment with 

multiple objectives 

including Vision 2030 / 

NIDLP 

Strategy maps, NIDLP 

crosswalk, capacity plan 

Lifecycle economics 

(0.20) 

Payback only; no 

lifecycle cost 

Lifecycle cost 

estimated; NPV 

positive under base 

case 

Full scenario analysis; 

NPV positive under 

conservative 

assumptions 

Finance model, 

maintenance history, 

supplier quotation 

Environmental impact 

(0.25) 

No sustainability 

baseline defined at 

submission 

Baseline defined; 

qualitative 

improvement 

estimated 

Baseline measured; 

verified quantitative 

improvement with 

named owner 

Energy meters, LCA 

estimates, ISO 14031 

indicators 

Operational resilience 

(0.15) 

No resilience 

benefit identified 

Downtime or climate 

exposure partially 

addressed 

Documented resilience 

improvement tested 

against disruption 

scenarios 

Maintenance logs, risk 

register, scenario 

analysis output 

Digital readiness (0.10) No sensor, data, or 

integration plan 

Basic connectivity; 

manual data 

collection expected 

Full IIoT integration 

with dashboard 

visibility confirmed 

MES, ERP, SCADA, IT 

architecture assessment, 

dashboard plan 

Social and safety (0.15) No safety or 

workforce benefit 

identified 

Safety improvement 

partially documented 

Verified safety risk 

reduction and 

workforce development 

plan 

HSE data, training plan, 

incident records, skills 

assessment 

 

6.3 Worked example: comparing three projects 

 

Figure 2 and Table 5 apply the CGS to three illustrative manufacturing CAPEX 

projects: Project A (rooftop solar), Project B (predictive maintenance platform), and 

Project C (heat recovery upgrade). All represent genuine sustainability investments; the 

CGS enables governance to rank them on a common metric. 
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Figure 2 

SAMIGA CGS worked example: visual comparison of three illustrative CAPEX projects 

across six governance dimensions. Bar length represents score (0–10); weighted 

contributions sum to the Composite Governance Score.  

 
Source: Author. 
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Table 5 

Worked CGS example. Score verification: A = 1.20+1.80+2.50+0.90+0.50+1.05 = 79.5; 

B = 1.05+1.60+1.00+1.35+1.00+1.20 = 72.0; C = 1.20+1.80+2.25+1.05+0.60+1.05 

= 79.5. Scores are hypothetical; the portfolio governance team determines final scores 

based on submitted evidence. 

Dimension wᵢ A: Solar sᵢ w×s B: PdM sᵢ w×s C: Heat sᵢ w×s 

Strategic fit 0.15 8 1.20 7 1.05 8 1.20 

Lifecycle economics 0.20 9 1.80 8 1.60 9 1.80 

Environmental impact 0.25 10 2.50 4 1.00 9 2.25 

Operational resilience 0.15 6 0.90 9 1.35 7 1.05 

Digital readiness 0.10 5 0.50 10 1.00 6 0.60 

Social and safety 0.15 7 1.05 8 1.20 7 1.05 

CGS (out of 100) — — 79.5 — 72.0 — 79.5 

 

The weighted scores sum to 7.95 for Project A on a 0–10 scale; multiplying by 10 

expresses this on the 0–100 CGS scale, giving 79.5. Applying the same calculation, 

Projects A and C tie at CGS 79.5 while Project B scores 72.0. Where projects tie, portfolio 

governance applies secondary criteria: implementation readiness, budget timing, 

regulatory urgency, or strategic option value. The CGS structures governance judgement 

— it does not replace it. 

 

7 APPLICATION TO MANUFACTURING INFRASTRUCTURE CATEGORIES 

 

Energy system investments efficient motors, variable frequency drives, rooftop 

solar, battery storage, electric boilers, heat pumps, waste heat recovery, and energy 

management systems typically score strongly on environmental impact and lifecycle 

economics. Production equipment appraisal covers scrap rate, rework frequency, material 

yield, machine standby energy, ergonomics, and asset life. Environmental infrastructure 

wastewater treatment, solvent recovery, dust control, and recycling systems carries 

compliance value that standard payback calculations understate; the CGS rubric forces 

prospective estimation at submission. 
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Digital infrastructure requires particular attention at the threshold design level. In 

the studied organisation, the approval matrix governed six escalation levels calibrated to 

investment value and category. Power BI analytics subsequently detected an unusual 

clustering of project values just below threshold breakpoints, revealing threshold-gaming 

behaviour that stopped once identified and prompted a matrix revision. This illustrates a 

general governance principle: threshold design creates behavioural incentives requiring 

active analytics-based monitoring, not merely initial configuration. 

 

8 DISCUSSION 

 

Strategic CAPEX planning is becoming a portfolio-level governance mechanism 

for industrial sustainability, not a project-by-project financial exercise. The CGS 

addresses a specific methodological gap in governance framework research: many papers 

propose evaluation criteria without specifying how those criteria generate comparable 

decisions. The worked example in Section 6 resolves this by demonstrating a concrete, 

reproducible tool. 

The implementation evidence offers an important corrective to technology-centric 

reform narratives. Two manufacturing sites resisted digital governance adoption for six 

months despite improved training materials. What resolved it was line management 

setting a clear behavioural expectation: email submissions would be returned unsigned. 

Within four weeks, adoption normalised. SAMIGA is an organisational architecture, not 

a scoring spreadsheet  technology enables governance improvement; management drives 

it. 

For Saudi Vision 2030, SAMIGA provides a mechanism for translating NIDLP 

priorities, Saudi Green Initiative targets, and localisation commitments into operational 

capital allocation decisions that are financially disciplined, evidence-based, and auditable. 

 

9 RECOMMENDATIONS 

 

Organisations should establish a CAPEX sustainability charter formally adopting 

SAMIGA dimensions as mandatory criteria above defined thresholds, specifying the CGS 

methodology, approved weights, scoring rubric, evidence requirements, and annual 
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weight review process. An integrated CAPEX data repository with baselines, approved 

business cases, actual outcomes, and lessons learned held centrally compounds in value: 

it makes post-investment review feasible, enables systematic commitment-versus-

outcome comparison, and accumulates the project history that future AI-assisted 

investment prioritisation will require. Threshold matrix design should be audited annually 

using analytics to monitor submission value distributions for gaming patterns. 

 

10 IMPLEMENTATION ROADMAP 

 

SAMIGA implementation runs through six phases. Diagnostic: conduct a 

governance audit quantifying current approval cycle time, reporting effort, 

documentation completeness, and audit burden. Naming these numbers as the studied 

organisation did with its 23-day cycle and 55 per cent completeness rate creates the 

evidence base that justifies governance investment. Opportunity design: translate baseline 

gaps into project concepts with preliminary CGS estimates. Business case integration: 

prepare full SAMIGA-compliant submissions. Portfolio prioritisation: apply CGS 

rankings and balance criteria. Execution and change management: explicit line 

management commitment to digital submission expectations is the decisive adoption 

variable in multi-site environments. Post-investment verification: compare actual 

outcomes against commitments and document lessons for future scoring calibration. 

 

11 LIMITATIONS AND FUTURE RESEARCH 

 

This paper combines structured literature review with implementation evidence 

from a single regional manufacturing organisation. The author was involved in the design 

and deployment of the governance system studied, introducing potential confirmation 

bias mitigated through transparent reporting of failures. The twelve-month measurement 

window is shorter than ideal for evaluating a governance change whose full benefits may 

take several investment cycles to materialise. 

Future research should prioritise: multi-organisation empirical testing of 

SAMIGA across GCC manufacturers to generate comparative governance maturity 

benchmarks; CGS weight calibration through Delphi expert elicitation generating 
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empirically validated weights; and longitudinal research examining whether governance 

scoring rigour improves investment decision quality over a five-year asset life, measured 

through actual versus forecast sustainability outcomes. 

 

12 CONCLUSION 

 

Strategic CAPEX planning is one of the most consequential governance acts a 

manufacturing organisation performs. This paper developed SAMIGA to address the 

governance disconnection that makes it structurally difficult: sustainability metrics are 

measured in most organisations, but they are not embedded in the approval criteria that 

determine which projects receive capital. The five-component framework closes that gap. 

The SAMIGA Composite Governance Score operationalises it into a quantified, 

comparable, portfolio-level decision tool with a transparent scoring equation, evidence-

anchored rubric, and worked numerical example. 

Implementation evidence confirms both the gap and the governance value of 

addressing it: 40 per cent cycle reduction, 85 per cent reporting effort reduction, 86 per 

cent audit preparation reduction, and a 32-point improvement in documentation 

completeness. The adoption experience confirms that governance modernisation is 

fundamentally an organisational challenge line management commitment was the 

decisive variable, not system quality. Comparative positioning against ISO 14031, ISO 

55000, GRI, and IFRS S1/S2 confirms that SAMIGA addresses a gap not covered by 

existing standards. For manufacturers operating within Saudi Vision 2030, it provides a 

structured, financially disciplined, and auditable mechanism for connecting national 

industrial transformation priorities with plant-level capital decisions. 
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