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01  Paper Metadata 

 

Title A Review of Digital Twin Applications in Civil and Infrastructure Emergency Management 

Authors Ruijie Cheng et al. 

Journal Buildings (MDPI)  |  Open Access 

Year 2023 

Citations 39 (as of May 2026) 

Method Systematic literature review with scientometric analysis 

COI Flag No vendor affiliation detected — independent academic study 

Access Open Access — freely available via MDPI 
 

02  One-Line Hook 

 

Digital twins can theoretically support all four phases of civil infrastructure emergency 
management — but the research is almost entirely case-by-case and lacks a generalisable 
implementation model ready for operational adoption. 

 

03  Quadrant Verdict  &  Technology Readiness Level 
 

PROMISING 
Strong conceptual value — not ready for procurement 

TRL  3 / 9 
Technology Readiness Level 

Experimental proof of concept. No operational deployment 
confirmed. 

 

1 
Basic research 

2 
Concept 

3 
Experiment 

4 
Lab valid. 

5 
Env. valid. 

6 
Proto demo 

7 
Sys proto 

8 
Sys complete 

9 
Operational 

 
TRL scale: NASA / EU Horizon Europe 9-level scale. TRL 3 = experimental proof of concept validated in lab. TRL 7+ = 
operational deployment in real environment. 
 

04  Key Findings 

 

Finding Detail 
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Finding 1 Reviewed DT applications across all four EMCI phases. Recovery is significantly underrepresented — 
most papers focus on response only. 

Finding 2 Almost all deployments are isolated proof-of-concepts. Authors' own words: 'applications have several 
limitations and are mostly case by case.' No cross-sector transferability demonstrated. 

Finding 3 Proposed a generalisable DT-EMCI framework — the paper's primary contribution. Conceptually 
sound but not independently validated in any operational context. 

Finding 4 Scientometric analysis shows accelerating publication rate — but operational deployment significantly 
lags research output. The gap is widening. 

 

05  Hype Filter — Signal Scoring 

 

Code Signal description Status Type 

HY-1 Tested only in simulation/lab — never in real EM operations PRESENT Hype signal 

HY-2 No documented deployment at operational scale PRESENT Hype signal 

HY-4 Extrapolated from civil engineering — no EM-specific validation PRESENT Hype signal 

PR-3 Addresses named operational gap in EM practice (EMCI 
lifecycle) PRESENT Practical signal 

 
Signal tally: 3 hype signals (HY-1, HY-2, HY-4)  |  1 practical signal (PR-3)  |  No vendor conflict of 
interest detected 
 

06  Practitioner Action Matrix 

 

Role Recommended action Timing Category 

Operations Director 
Use the framework to challenge vendor DT claims 
against the full EMCI lifecycle. Ask which phase is 
actually supported by deployment evidence. 

Now Procurement 

EM Planner/Strategist 
Include DT capability mapping in your 5-year 
technology roadmap. Reference this framework when 
scoping BIM/GIS investment. 

Now Planning 

Training Coordinator 
DT-based scenario simulation is the most mature 
application (TRL 4-5). Evaluate for exercise design 
before operational EOC adoption. 

12 months Training 

Procurement Lead 
Do not issue DT procurement specifications based on 
this paper alone. Await a second independent field 
validation. 

24 months Hold 

IT / Tech Integration 
Assess existing BIM and GIS infrastructure readiness 
— these are the data foundations any DT deployment 
will require. 

Now Enabler 

 

07  GCC / MENA Applicability Assessment 
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Dimension GCC / MENA assessment 

Transfer potential 
Moderate. The DT-EMCI framework transfers directly. Civil infrastructure evidence 
(bridges, tunnels, buildings) is relevant to GCC petrochemical and industrial facilities 
— but requires domain adaptation. 

Data infrastructure 
GCC organisations investing in BIM (common in UAE, Qatar, KSA infrastructure 
projects) have the foundational data layer DT requires — an advantage over many 
developing-country contexts in this paper. 

Regulatory context No GCC-specific EM standard is referenced. Practitioners must map the framework to 
their own baseline (Qatar Civil Defence Law, UAE NCEMA, Saudi GDCD regulations). 

Operational maturity 
Most GCC NOCs operate at ICS-aware but not ICS-mature levels. Integrated incident 
command data flows — a DT prerequisite — represent a gap to close before 
deployment is viable. 

Recommendation 
Use for strategic planning and vendor briefing only. Pilot in a single facility with 
existing BIM/GIS data before scaling. A GCC-specific replication study would 
substantially strengthen the evidence base. 

 

08  Questions to Ask a Vendor 

 
Based on limitations identified in this paper, these five questions must be answered before any 
DT procurement proceeds: 
 

Q1  Which EMCI phase (mitigation / preparedness / response / recovery) does your solution address — and 
where is your operational deployment evidence for each? 

Q2  Can you demonstrate deployment in a context comparable to our facility type and regulatory environment — 
not a simulation or academic pilot? 

Q3  What is the failure mode when physical-digital synchronisation breaks during an active incident? What is your 
fallback protocol? 

Q4  What is the cybersecurity architecture of the twin itself — how is it protected from adversarial manipulation 
during a crisis? 

Q5  What data infrastructure prerequisites does your solution require (BIM, GIS, IoT sensor density) and what is 
the implementation timeline from our current baseline? 

 

09  Hype vs. Reality Verdict 

 
Promising — and transparent about it. Three hype signals are present: simulation-only evidence 
(HY-1), no operational scale deployment (HY-2), and civil-engineering origin without EM 
validation (HY-4). The one practical signal earned is genuine: a named operational gap 
addressed (PR-3). What lifts this above Overhyped is the authors' own restraint — 'mostly case 
by case' in the abstract is rare honesty in a technology review paper. 
 
For GCC practitioners: the conceptual framework transfers well, but the operational evidence 
base does not include a GCC industrial or civil defence context. TRL 3 is the honest score. A 
single well-documented NOC or civil defence pilot using this framework would move it to Watch 
Space immediately. Until then: use for planning, not procurement. 
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10  Research Trajectory 

 

Relationship Paper 

Builds on Grigoriev et al. (2022) — foundational DT architecture for disaster simulation; Dembski et al. 
(2020) — urban digital twin frameworks for resilience planning 

Cited by Korkmaz et al. (2024) — DT + Common Operating Picture for seismic response (P3 in this 
radar scan); Lagap et al. (2024) — post-disaster risk management twinning 

Read next Zio et al. (2024) — DTs in safety analysis & EM: addresses cybersecurity and reliability gaps 
left open by Cheng et al. (P1 in this radar scan) 

 

11  Academic Anchor 

 
Aligned with the Sendai Framework for Disaster Risk Reduction 2015-2030 (UNDRR) and FEMA's four-
phase EM lifecycle as codified in NIMS (2017). Scientometric methodology follows Tranfield et al. (2003) 
systematic review conventions standard in management research. 
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