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DIGITAL COST MANAGEMENT 2.0:
ADVANCED TECHNOLOGIES FOR
SUSTAINABLE AND RESILIENT
HEAVY INDUSTRIES

A Strategic Framework for Capital Efficiency, Predictive Accounting, and
Industry 5.0 Transformation

Abstract

As industrial ecosystems transition from
Industry 4.0 toward Industry 5.0, the focus
of digital transformation expands beyond
productivity and automation to encompass
human-centricity, sustainability, and
operational resilience. In capital-intensive
and heavy process sectors—specifically
cement manufacturing and large-scale
infrastructure—digitalisation must evolve
from an auxiliary Information Technology
(IT) function into an integrated instrument
for capital efficiency, lifecycle cost
optimisation, and dynamic risk mitigation.
This paper establishes the framework for
Digital Cost Management 2.0 (DCM 2.0),
shifting management accounting from
historical variance reporting toward predictive
optimisation. We analyse four foundational
technologies: Artificial Intelligence (AI)
and Advanced Analytics, Digital Twins,
Industrial Internet of Things (IloT) with
Edge Computing, and Building Information
Modelling (BIM) platforms. Furthermore,
we define the evolving strategic role of the
management accountant in driving multi-
dimensional value creation across economic
and environmental metrics.

J

Introduction

ndustrial manufacturing and infrastructure
development stand at a critical juncture
in digital transformation. While Industry
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4.0 established the technical infrastructure for
automation, interconnectivity, and big data, Industry
5.0 re contextualises these technical capabilities
within a broader economic and societal mandate
(European Commission, 2021). By prioritizing
human empowerment, environmental sustainability,
and system resilience alongside unit productivity,
Industry 5.0 fundamentally redefines how capital
and operating expenditures are planned, executed,
and evaluated.

In process-driven sectors such as cement
manufacturing and capital-intensive infrastructure
projects, digital transformation yields limited value
if managed strictly as an isolated IT objective.
Instead, digitalisation must be leveraged as core
for financial precision, risk management, and
lifecycle value maximisation.

Traditional Accounting Cycle:

Budget — Actual — Variance — Explanation
— Corrective Action

Digital Cost Management 2.0 Architecture:

Data — Intelligence — Prediction —
Optimization — Decision — Action — Learning
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While number of enterprise technologies
support this ecosystem,I choose four core digital
platforms constitute the backbone of DCM 2.0:
Advanced Analytics, Digital Twins, IIoT with Edge
Computing, and 5D+ BIM platforms.

Core Technological Platforms of DCM 2.0

1. Artificial Intelligence and Advanced
Analytics

Conventional management accounting excels
at identifying historical cost anomalies (e.g.,
reporting a 4% overrun in thermal or electrical
energy). However, it lacks the real-time explanatory
capability required to identify causal drivers or
evaluate dynamic corrective measures before
financial loss is incurred. Advanced analytics
transitions management accounting from descriptive
reporting to prescriptive action.

Cement Manufacturing & Waste Heat
Recovery Applications

Cement production generates continuous
operational data across quarries, crushers, raw/
finish mills, kilns, preheaters, and energy recovery
systems. Rather than evaluating energy intensity
purely as a static financial metric (Cost/Tonne),
Al analytics process multi-variable physical
interactions:

Optimal Cost = f(Power, Heat, Fuel Quality,
Feed Rate, Clinker Chemistry, Equipment
Wear)

The cement kiln remains the largest consumer
of thermal energy at about 40% of total variable
cost. Al algorithms evaluate operational variables
simultaneously to optimize the following core
parameters:

© Burning zone temperature optimisation

® Free lime prediction and clinker quality
forecasting

©® Coating stability monitoring and kiln heat
consumption reduction

® Alternative fuel optimisation and specific
power consumption reduction (kcal/’kg
clinker)

Beyond core kiln operations, digital tools are
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extended to Waste Heat Recovery Systems (WHRS)
to capture low-grade thermal energy and convert
it to dynamic cost savings:

®© Boiler Efficiency Monitoring: Dynamic
tuning based on gas volumetric flows.

®© Turbine Performance Analytics: Real-time
extraction tracking and output optimisation.

© Gas Temperature Optimisation: Preheater
and cooler off-gas balance control.

®© Predictive Maintenance of WHRS Equipment:
Early degradation alerts for heat exchangers
and boiler tubes.

®© Generation Forecasting: Continuous output
modelling aligned with kiln feed rates.

The combined financial value proposition is
realised across four pillars:

Value Proposition = Energy Savings +
Production Increase + Quality Stability +
Reduced Refractory Cost

Infrastructure Execution Applications

In infrastructure projects, Al models synthesise
historical expenditure, physical progress data,
contractor throughput, and market procurement
trends to generate early dynamic forecasts of the
Estimate at Completion (EAC). By alerting financial
managers to projected cost overruns months before
variance manifests in financial ledgers, accountants
transition from historical auditors to forward-
looking strategic advisors.

Industry practice in India confirms this transition:
UltraTech Cement leverages AI/ML and computer
vision for process optimisation and predictive
maintenance; Ambuja Cements operates its
Cement Intelligent Network Operations Centre
(CiINOC) for real-time decision-making; and ACC
uses High-Level Control systems for kiln and mill
optimisation.

2. Digital Twins

A Digital Twin provides a real-time, dynamic
virtual representation of a physical asset, integrating
spatial, sensor, process, and financial data streams.
Deployments of 3D digital twins in cement
operations integrate process analytics to simulate
alternative operational conditions prior to physical
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execution (Holcim, 2022).

Lifecycle Decision Value = A Production +
A Energy + A Maintenance + A Quality - A
Carbon Cost

For long-horizon civil infrastructure assets,
capital evaluation shifts from initial construction
cost toward Whole-Life Cost (WLC) and Whole-
Life Value (WLV). Corporate deployments like
Ambuja Cements’ project-to-operations twins
and Larsen & Toubro’s Al-driven Digital Twin
for District Metered Areas illustrate the expansion
of digital twins from factory process simulation to
infrastructure lifecycle management.

3. 11IoT and Edge Computing

The Industrial Internet of Things (IloT) provides
high-frequency data collection, while edge
computing processes, critical information locally,
for real-time response. Continuous tracking of
vibration, temperature, and motor current enables
condition-based predictive maintenance, shifting
financial focus from simple repair invoices to
mitigating total failure costs.

Traditional IIoT Predictive
Cost Element . .
Maintenance Maintenance
. . | Invoiced Repair | Total Cost of
Primary Metric | - Failure (TCOF)

Operational Unplanped Planped Inter.— .
Tmpact Downtime & V6.1’1t10n & Mlpl-
Emergency Rates | mized Downtime
Direct Repair +
Accounting Direct Labor + Lost Margin +
Formula Parts Invoices Energy Ineffi-

ciency + Scrap

Implementations across ACC (vibration
analytics), UltraTech (connected factories/RFID
sensor tracking), and Tata Projects (real-time
equipment health and fuel usage monitoring)
demonstrate how high-frequency operational data
directly informs cost decisions.

4. BIM and Digital Project Platforms

Building Information Modelling (BIM) extends
beyond 3D spatial visualisation into temporal (4D),
financial (5D), sustainability (6D), and facility
operations (7D) dimensions.
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Integrated 5D BIM Cascade:

Quantity Variation (3D) — Schedule Impact
(4D) — Cost Adjustment (5D) — Dynamic
Cash Flow & EAC Forecast

As demonstrated by Tata Projects and Larsen
& Toubro, integrating 4D/5D BIM with IoT and
Al converts design-coordination platforms into
continuous financial and project-control command
centres.

The Digital Cost Management Architecture

The strategic dividend of these technologies
is realised when they operate within a unified,
interdependent digital architecture rather than
isolated silos. Operational data ingested from edge
sensors flows through Al analytics into the digital
twin, which directly feeds into the executive project
control platforms and financial ledgers in real time.

The Evolving Role of the Management
Accountant

Multi-Metric KPI Integration

Under Industry 5.0, management accountants
must monitor operational performance using
blended economic, energy, and environmental
metrics:

Cement Production Index = Currency/Tonne
+ kWh/Tonne + Thermal MJ/Tonne + kg
CO2/Tonne

To bridge shop-floor physical measurements with
strategic financial ledgers, management accountants
must track an integrated scorecard:

1. Thermal & Process Energy Indicators
© kcal/kg clinker
® kWh/ton cement
©® Kiln Availability (%)
® Free Lime Variability
©® Clinker Factor

2. Alternative Fuel & Decarbonisation Indicators
(TSR)

® Thermal Substitution Rate (TSR %)

© Alternative Fuel Cost Savings (Currency/
Tonne)
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® Net Carbon Avoidance (kg CO2/Tonne)
® Kiln Operational Stability Index

3. Waste Heat Recovery System (WHRS)
Indicators

®© WHRS Generation (kWh/ton clinker)
© WHRS Plant Availability (%)

® Cost Delta: Self-Generated Power vs. Grid
Power (Currency/kWh)

® Net Carbon Avoidance via WHRS Power
(tCO2e/Period)

4. Infrastructure Asset Indicators

Infrastructure Index = (Construction Cost /
km) + (Lifecycle Maintenance Cost / km) +
(Embodied Carbon / km)

Strategic Implementation Roadmap

Organisations should adopt an iterative six-step
deployment framework:

©® Step 1: Cost Driver Identification: Map the
primary 10—20 operational variables driving
>80% of total cost variance.

© Step 2: Data Integration: Harmonise
Operational Technology (OT/SCADA)
with Enterprise Resource Planning (ERP)
databases.

® Step 3: IIoT & Asset Instrumentation:
Instrument critical machinery, kilns, and
WHRS boilers to capture high-frequency
operational metrics.

®© Step 4: Predictive Analytics Layering:
Implement ML models focused on predictive
maintenance, thermal usage, WHRS output,
and failure prediction.

© Step 5: Digital Twin Integration: Construct
simulation models for high-capital or process-
critical assets.

®© Step 6: Unified Cost Control Tower: Establish
an executive cockpit visualizing unit costs,
WHRS recovery yield, TSR margins, schedule
variances, and dynamic cash forecasts.

DCM 2.0 should ultimately be assessed by the
quality of decisions and value created, and not by
the number of digital tools deployed. The relevant
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outcomes include lower unit cost, improved asset
utilisation, reduced downtime, better financial
discipline , timely project completion, improved
energy efficiency, lower emissions and stronger
resilience. Human judgement remains central:
Al and automated analytics should support
management decisions, with appropriate human
review for material financial, operational, safety
and sustainability consequences.

Value Creation and Human Oversight

The changing role does not require the
management accountant to become a software
engineer. It requires sufficient digital and
operational literacy to question data, interpret
models and translate technology outputs into
business decisions. Important competencies
required include data analytics, familiarity with
tools such as SQL, Python or equivalent analytical
platforms, AI literacy, process knowledge,
sustainability accounting, model interpretation,
digital governance and business partnering. These
competencies complement rather than replace core
accounting and commercial judgement.

Management Accountant Competencies

The benefits of DCM 2.0 depend on the quality
and governance of the underlying data and models.
DCM does not rule out Risks. Key implementation
risks include poor data quality, cybersecurity
threats, integration of legacy systems , model risk,
, shortage of digital skills, change management
which includes employees resistance, high initial
investment etc. These risks require defined data
ownership, access controls, model validation,
human oversight, audit trails and periodic review
of automated recommendations. The management
accountant has an important role in establishing
these controls and ensuring that technology-enabled
decisions remain financially and operationally
accountable.

Risks and Governance Challenges in DCM 2.0

The framework is developed through a synthesis
of Industry 5.0 principles, digital technologies,
management-accounting practices and emerging
applications reported by major industrial and
infrastructure organisations. It is a conceptual
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and practice-oriented framework rather than an
empirical model based on primary survey data or
statistical testing.

Basis of the Framework

The framework proposed should also be
distinguished from existing industry practice.
The Indian examples demonstrate that individual
technologies and combinations of technologies are
already being deployed by major organisations.
They do not, by themselves, establish that
the complete DCM 2.0 architecture has been
implemented by any one organisation. DCM 2.0 is
therefore presented as an integrative management-
accounting framework that can connect these
technologies with cost, cash, capital-efficiency,
lifecycle and sustainability decisions.

The purpose of DCM 2.0 is not to replace
conventional management accounting but to aid it
by integrating operational, financial, environmental
and predictive data into decision-making.
Traditional budgeting, standard costing, variance
analysis, financial controls and management
reporting remain essential. DCM 2.0 extends these
disciplines by enabling earlier identification of
cost drivers, predictive analysis and more timely
management intervention.

Conclusion

Digital Cost Management 2.0 redefines enterprise
digital initiatives from secondary technology
programmes into the integrated management
framework for the industrial organisation. By
integrating Artificial Intelligence, Digital Twins,
IToT, BIM, and waste energy optimisation
platforms, process industries and infrastructure
enterprises can seamlessly bridge physical plant
behaviour with executive financial management.

Real-world evidence from industry leaders
confirms that advanced technology adoption in
process optimisation, WHRS efficiency, alternative
thermal substitution, and predictive control is
actively reshaping operations. For management
accountants, DCM 2.0 unlocks an unprecedented
opportunity to move beyond historical audits,
connecting granular, real-time operating metrics
directly with cost control, cash flow stability, capital
efficiency, and lifecycle sustainability.

www.icmai.in

References

1. Brilakis, I, Pan, Y., Borrmann, A., & Suchocki,
C. (2020). BIM-to-Digital Twin Development
for Infrastructure Asset Management. Journal
of Infrastructure Systems, 26(4), 04020035.

2. European Commission. (2021). Industry 5.0:
Towards a sustainable, human-centric and
resilient European industry. Directorate-
General for Research and Innovation. Policy
Brief.

3. Holcim Group. (2022). Plants of Tomorrow:
Digital Twin Deployment in Cement
Operations. Global Operational Excellence
Report.

4. World Bank Public-Private Partnership Legal
Resource Center (PPPLRC). (2021). Digital
Transformation in Infrastructure: BIM, Al, and
Big Data Applications for Capital Projects.
World Bank Group.

5. Ultralech Cement Limited. (2025).
Integrated and Sustainability Report 2024-
25. Digitalisation / Building the Intelligent
Enterprise disclosures.

6. Ambuja Cements Limited. (2026). Integrated
Annual Report 2025-26. Intellectual Capital,
Manufactured Capital and digitalisation
disclosures (CiNOC, Digital Twins).

7. ACC Limited. (2026). Integrated Annual
Report 2025-26. Manufactured Capital
disclosures (CiNOC, High-Level Control, loT
Analytics).

8. Larsen & Toubro Limited. (2025). Integrated
Report 2024-25. Intellectual Capital: Al
in processes and Al-driven Digital Twin
applications.

9. Tata Projects Limited. (2025). Integrated
Annual Report 2024-25. Digital-first execution,
Al BIM, 10T, and carbon tracking disclosures.

Selected Technical Terms

Al — Artificial Intelligence

1loT — Industrial Internet of Things
BIM — Building Information Modeling
ERP — Enterprise Resource Planning
OT - Operational Technology

SCADA — Supervisory Control and Data
Acquisition

EAC — Estimate at Completion

8. TSR — Thermal Substitution Rate
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