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INTRODUCTION 

Cities are the primary sites of the 21st-century 

sustainability challenges, occupying less than 3% of 

the earth’s land surface but accounts for 70% of global 
greenhouse gas emissions, 60% of resource use, and 

80% of Gross Domestic Product (GDP) (UN-Habitat, 

2010, World Bank, 2010, UNEP, 2012). In Low and 

Middle-Income (LMICs) countries, rapid 

urbanization exacerbates these pressures through 

inadequate infrastructure provision, pollution, and 

exposure to climate change hazards. In Sub-Saharan 

African region for instance, urban populations are 

projected to double by 2050, amplifying the pressure 

on infrastructure, ecosystems, and public health 

(Olalekan, Owolabi, & Adebayo, 2025).  Traditional 

planning approaches struggle with data gaps, weak 

enforcement, and limited citizen participation in a bit 

to tackle these problems. 

The United Nations recognizes the nexus that existed 

in Sustainable Development Goal 11 which states; 

“Make cities and human settlements inclusive, safe, 
resilient and sustainable.” Targets 11.5 and 11.6 
obviously links urban planning practice with such 

target to reductions in air pollution, waste 

mismanagement and disaster risk. Achieving these 

targets requires more than incremental improvements 

to existing systems hence, demands new approaches 

that align economic activity with environmental 

limits. 

The convergence of two global transitions offers such 

an approach. The first is the green economy transition, 

defined by the United Nations Environment 

Programme as an economy that results in improved 

human well-being and social equity while 

significantly reducing environmental risks and 

ecological scarcities (UNEP, 2020).  The second is the 

Industry 4.0 transition, characterized by the 

integration of cyber-physical systems, Internet of 

Things (IoT), Artificial Intelligence (AI), Big Data 

Analytics, and Digital twins into production and 

service systems. When integrated deliberately, 
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Industry 4.0 technologies can function as enabling 

conditions for green economy outcomes in cities. 

While digital twins allow planners to simulate flood 

and heat scenarios before investing in infrastructure, 

IoT sensor networks provides real-time data on air and 

water quality, enabling targeted interventions. AI-

driven platforms can optimize energy flows, waste 

collection routes, and material re-use in circular 

economy systems, hence advancing planning of 

human settlements with less complexity and 

promoting smart city development. 

The World Economic Forum’s “Life Weaver” 
framework illustrates this integration in practice (GS 

Engineering & Construction. 2024). According to this 

framework, the integration rests on five principles: 

harmonization of energy flow, mobility and data; 

innovation emerging from urban challenges; invisible 

technology that enhances human creativity; 

ecological co-evolution with natural systems; and 

integrated experiences that dissolve boundaries 

between services and spaces (GS Engineering & 

Construction. 2024). Cities such as Singapore, 

Helsinki, and Barcelona have applied variants of this 

model to reduce emissions, improve resilience, and 

create green jobs. However, the evidence base 

remains concentrated in high-income contexts with 

strong digital infrastructure, governance capacity, and 

fiscal space. This gap is critical because the most 

acute sustainability challenges are in the Global 

South. The World Bank estimates that low- and 

middle-income countries require USD 256 and 821 

billion annually to develop climate resilient 

infrastructure; and also notes that investing an average 

of 1.4% of GDP annually could reduce emission in 

developing countries by as much as 70% by 2050 and 

boost resilience (World Bank, 2022). 

Noteworthy is that integration remains fragmented. 

Most Industry 4.0 applications target high-income 

smart cities, while green economy policies in LMICs 

lack data infrastructure. Hence this paper examine 

how Industry 4.0 tools can be integrated into green 

economy planning to improve environmental 

sustainability in LMIC cities. 

2.0 Green Economy and Urban Sustainability: The 

Core Logic 

The UN Environment Programme defines a green 

economy as one that results in improved human well-

being and social equity while significantly reducing 

environmental risks (UNEP, 2020).  A green economy 

is not Gross Domestic Product (GDP) with solar 

panels. It is an economic system designed to improve 

human well-being while radically reducing 

environmental risk and ecological scarcity and 

damage. In cities, this translates to nature-based 

solutions, circular waste systems, and low-carbon 

infrastructure. The Intergovernmental Panel on 

Climate Change (IPCC) Sixth Assessment Report 

identifies data-driven scenario modeling and real-time 

monitoring as enabling conditions for urban 

adaptation (IPCC, 2022). However, implementation 

in LMICs is hindered because of data gaps and weak 

institutional capacity. The UNEP green economy 

model emphasizes investment in natural capital and 

green jobs to decouple growth from environmental 

harm. In cities, this translates to low-carbon transport, 

circular waste systems, and ecosystem-based 

adaptation. The IPCC AR6 identifies real-time data 

and scenario modeling as critical enablers for urban 

adaptation (IPCC, 2022). The shift is from throughput 

growth to value creation per unit of nature used.  

2.1 However, key procedure involves are: 

i. Decoupling which has to do with breaking the 

link between economic activity and resource 

use. Absolute decoupling means increasing 

GDP while reducing emissions/materials. 

ii. Circular flows that look at Wastes as input 

where materials, water, nutrients stay in tight 

loops through reuse, remanufacturing, and 

industrial synergy. 

iii. Price the externalities where carbon, 

biodiversity loss and air pollution stop being 

free. Taxes (e.g. Polluters’ Pays Principles), 
cap-and-trade, or regulations force markets to 

internalize damage. 

iv. Invests in natural capital where forests, 

wetlands, soil health get treated as productive 

assets with Return on Investment (ROI), not 

free sinks. 

2.2 Why are cities the leverage point?  

This is because cities have 70% of global CO2, 75% 

of energy use, 80% of GDP, on 3% of land (UN-
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Habitat 2024). Green economy cannot be achieved 

without a change in urban systems. Urban 

sustainability hinges on subsystem that incorporate 

linear city models and green economy models.  Such 

subsystems include: 

• Energy that emphasizes centralized fossils, 

grid losses, peak demand spikes that 

distributes renewables and storage, smart 

grids, building-as-power-plant 

• Mobility that relies on car-dependent sprawl, 

induced demand, 95% idle assets within 15-

minute neighborhoods, transit-oriented 

density, shared/EV fleets, deprioritized 

parking 

• Materials that will take in to cognizance take-

make-dispose, long supply chains,

 urban mining, repair culture, 

material passports and local circular hubs 

• Land and Water that has to do with

 sealed surfaces, heat islands, storm 

water as waste, sponge cities, green 

infrastructure, permeable surfaces, urban 

agriculture and biodiversity corridors. 

Meanwhile, the hard tensions nobody should 

undermine cut across: 

i. Rebound effects: Efficiency gains get eaten 

if consumption rises.  

ii. Green gentrification: Bike lanes and parks 

raise land value. Without anti-displacement 

policy, sustainability becomes a luxury 

filter. 

iii. Transition costs: Retrofitting 20th-century 

infrastructure is capital intensive. Who pays, 

and who gets stranded assets? Coal workers 

don’t become solar technicians by wishing. 

iv. Governance mismatch: Watersheds and air 

sheds ignore city limits. But taxes, zoning, 

and codes stop at the border. 

So, what actually can move this practice in cities? 

i. Zoning as climate policy: Ban single-

family-only zoning. Legalize mixed use, 

mid-rise density near transit. Vehicle 

Miles Traveled (VMT) drops, district 

energy becomes viable. 

ii. Procurement power: Cities buy billions in 

concrete, steel, fleets. Low-carbon 

procurement standards reshape whole 

supply chains fast. 

iii. Data and feedback loops: Real-time energy, 

water and waste dashboards per building. 

You manage what you measure, and 

behavioral nudges compound. 

iv. Regenerative design, not just “less bad”: 
embark on Buildings that sequester 

carbon via mass timber, streets that 

recharge aquifers, waste streams that feed 

urban farms. 

Nevertheless, the intellectual bottom line is that green 

economy reframes the environment from a constraint 

to a design parameter. Urban sustainability is where 

that abstraction collides with pipes, pavement, and 

politics.  The real test here is not just the technology, 

this is because we have solar, Electric Vehicles (Evs), 

heat pumps. The test is whether we can rewire 

institutions, incentives and cultural ideas of status fast 

enough. A sustainable city is not one with more 

Leadership in Energy and Environmental Design 

(LEED) buildings. It is one where the default choice 

for a resident is also the low-carbon, low-wastes, 

high-wellbeing choice because the system has already 

been designed in that way. 

3.0 Industry 4.0 in the Urban Context: The City as 

a Cyber-Physical System 

Industry 4.0, at its core, is the fusion of digital, 

physical, and biological systems via cyber-physical 

technologies. In factories, that looks like smart 

sensors, digital twins, and autonomous robotics. In the 

urban context, the “factory floor” becomes the city 

itself. The same principles apply, but the stakeholders, 

constraints and consequences scale up by orders of 

magnitude. 

3.1 From Industrial Plants to Urban Operating 

Systems 

Industry 4.0 technologies don’t stay inside 
warehouses. When deployed city-wide, they 
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transform urban infrastructure into an integrated 

production system: see table 2.1. The city becomes a 

machine for living. Every check, pipe, and bus is a 

data-generating asset in a feedback loop of sensing, 

analysis, and actuation. 

s/n Industry 4.0 Pillars Factory Applications Urban Applications 

1 IoT & Sensors Machine health monitoring Smart grids, traffic flow 

sensors, air quality 

networks, water leak 

detection 

2 Big Data & AI Predictive maintenance Predictive policing, demand-

responsive transit, dynamic 

zoning enforcement 

3 Digital Twins Virtual replica of 

production line 

Scenario testing, zoning and 

Landuse, real time traffic 

optimization, smart grids, 

carbon tracking, etc. 

4 Autonomous Systems AGVs, collaborative robots Autonomous shuttles, drone 

delivery, robotic waste 

collections 

5 Additive Manufacturing On-demand parts Distributed micro-factories 

for construction, spare parts 

for infrastructure 

6 Cloud/Edge Computing MES integration City data platforms, edge 

nodes on traffic lights for 

real-time decisions 

Source: Researchers, 2026 

Table 2.1: Industry 4.0 Applications in Factory and Cities. 

3.2 Key Urban Domains Reshaped by Industry 4.0 

i. Smart Infrastructure & Utilities: 

Traditional utilities operates on 

scheduled maintenance. Industry 4.0 

shifts them to condition-based. For 

instance, Barcelona’s smart water meters 
cut leakage by 25%; Tokyo’s smart grid 
uses edge AI to reroute power in 

milliseconds during peak load, treating 

electricity as a just-in-time resource. 

Hence, the city learns to manufacture 

resilience. 

ii.  Mobility as a Production Line: Traffic has 

to do with flow problem in terms of 

human and vehicular. Industry 4.0 

interventions ensures there is vehicle-to-

infrastructure communication which 

reduces intersection idle time; predictive 

algorithms rebalance bike/scooter fleets, 

and digital twins simulate how a new bus 

lane changes throughput across the whole 

network. Using decentralized AI at each 

intersection in an urban system can cut 

down travel time drastically. 

iii. Circular Urban Manufacturing: The 20th-

century city outsourced production. The 

4.0 city reintegrates it at neighborhood 

scale. Micro factories use additive 

manufacturing and robotics to produce 

building components, furniture and food 

locally. In a circular urban manufacturing 
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system, it is possible to combine waste 

streams, energy, and small-batch 

production in a way that the city 

metabolizes its own outputs and this will 

certainly collapse the distance between 

supply chains 

iv.  Governance & Civic Services: Industry 4.0 

introduces servitization to the public 

sector. Instead of selling infrastructure, 

cities sell outcomes such as clean air, 15-

minute response times, and 99.9% uptime 

on transit. They ensure a secure, 

decentralized data bank where every 

agency pull data once, process it, and 

deliver services without citizens filing 

forms. The city runs on an application 

programming interface (API). 

However, the Core Tension lies in efficiency 

against agency and as such, Industry 4.0 optimizes 

for throughput, quality and cost. Practical to cities, is 

that logic risks that has to do with treating citizens as 

work pieces do exists. Nevertheless, three intellectual 

fault lines emerges: 

i. Data Asymmetry: Sensors are cheap but 

consent is expensive. The question 

remains, who owns the data from a smart 

streetlight that tracks pedestrian flow? If 

it is used to optimize retail rents but not 

public safety, the smart city becomes a 

surveillance apparatus for capital, not 

citizens. 

ii. Technological Lock-in: Unlike a factory, 

you can’t retool a city every 5 years. 
Procurement of proprietary 4.0 platforms 

can bind municipalities for decades. 

Inter-operability and open standards 

become urban planning issues, not just 

Information Technology (IT) issues. 

iii. Labour Displacement at Scale: In 

manufacturing industries for example, 

robots displace routine tasks. In cities, AI 

route optimization and autonomous 

vehicles including automated permitting 

could displace drivers, clerks, and 

middle-management planners. The 

question is not whether to adopt, but how 

to distribute the productivity dividend 

that accrue.  

4.0   Industry 4.0 and Smart Urban Systems: The 

Convergence of Cyber-Physical Intelligence 

Industry 4.0 and smart urban systems represents 

parallel manifestations of the same technological 

paradigm shift. It is the fusion of physical 

infrastructure with computational intelligence, data, 

and connectivity. Both are attempts to resolve the core 

inefficiencies of 20th-century industrial and urban 

organization by embedding feedback loops, 

autonomy, and predictive capacity into previously 

inert systems. Industry 4.0 marks the fourth 

discontinuity in industrial production. Where Industry 

1.0 mechanized, 2.0 electrified, and 3.0 automated, 

4.0 cognizes. The factory ceases to be a collection of 

machines and becomes a cyber-physical system.  

Beholding the city as an operating system, if industry 

4.0 cognizes the factory, smart urban systems attempt 

to cognize the state of the city. The modern city is an 

accumulation of 19th and 20th-century systems where 

transit, water, power, waste rarely communicate. The 

smart city theory is that integration and intelligence 

can yields significant gains in efficiency and quality 

of life. Sensory layer can distribute IoT across 

utilities, transport, environment, and buildings. Urban 

data platforms can aggregate isolated municipal data 

into a single operational view. For instance, Singapore 

deployed a dynamic 3D digital twin used to model 

crowd flow, heat islands, and new construction impact 

(Kaspersky, 2021; Asia News Network, 2024). 

Algorithmic governance can deploy AI for predictive 

maintenance of bridges, dynamic traffic signaling, 

demand-response energy grids, and emergency 

service pre-positioning. For what is regarded to as 

Citizen as node, two-way interfaces via applications 

and platforms are utilized. This of course reframes 

residents from passive consumers of services to active 

sensors and participation in urban feedback loops. 

The underlying claim here is that cities, like factories, 

suffers from dormancy. Information about problems 

propagates slowly. Smart systems compress that 

dormancy between event, detection, and response. 

 



Florence O. Gbarabe, Int. J. Sci. R. Tech., 2026 3(8), 386-395 |Research 

                 

              INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY                                                              391 | P a g e  

5.0 Integrating Green Economy and Industry 4.0: 

The Twin Transition 

The convergence of the green economy and Industry 

4.0 represents what the European Union (EU) calls the 

"twin transition" comprising digitalization and 

sustainability which are no longer parallel tracks, but 

interdependent forces redesigning industrial systems. 

One providing the tools, the other provides the 

direction. The green economy is basically about 

outcomes that is low-carbon, resource-efficient, 

socially inclusive growth etc. Its emphases on 

decoupling economic activity from environmental 

degradation.  

Industry 4.0 is fundamentally about methods and 

problem-solving enablers such as cyber-physical 

systems, IoT, AI, big data, and advanced automation. 

It focuses is how we can optimize production and 

services at unprecedented granularity. Integration 

occurs when the ‘’how’’ of Industry 4.0 is deliberately 
deployed to achieve the "what" of the green economy. 

Without that intent, Industry 4.0 can just as easily 

accelerate waste through hyper-efficiency and faster 

consumption cycles.  

5.1 Integration of Green Economy and Industry 

4.0  

This can be achieved through: 

i. Resource Optimization via Data   

IoT sensors and AI analytics enable real-time energy, 

water, and material tracking at the machine level. 

Smart factories can cut energy use 20-30% by 

predicting demand spikes, shutting down idle lines, 

and routing production to off-peak hours. Digital 

twins can simulate processes to find the lowest-

emission configuration before physical resources are 

committed. 

i. Circular Economy Enablement   

Industry 4.0 technology makes circularity traceable 

and profitable. Block chain which is a digital record 

keeping system and Radio Frequency Identification 

(RFID)/scanner, tags and create product passports 

showing material composition, origin, and repair 

history. AI-powered sorting in recycling plants can 

distinguish polymer grades at scale. Additive 

manufacturing allows on-demand spare parts, 

extending product life and reducing inventory waste. 

ii. Decentralized Clean Energy Systems   

Smart grids are pure Industry 4.0: they balance 

volatile renewable inputs using machine learning 

forecasts, IoT-connected storage, and automated 

demand response. Industrial micro-grids let factories 

trade surplus solar power peer-to-peer without a 

central utility. 

iii. Dematerialisation of Value  

Cloud computing, preventive maintenance, and 

predictive services shift value from physical goods to 

data and uptime. For instance, a jet engine sold as 

"thrust-as-a-service" means Rolls-Royce optimizes 

for fuel efficiency and longevity, not unit sales. That 

aligns profit with emissions reduction. 

iv. Tensions and Contradictions 

This is a Rebound Effect. Industry 4.0 efficiency can 

lower unit costs, increasing total consumption. A 

smart logistics algorithm that cuts fuel per delivery 

may also enable same-day shipping everywhere, 

raising total emissions. Efficiency without absolute 

caps is not sustainability. 

v. Embedded Footprint of Digitalization 

Data centers, IoT devices, and 5G networks have 

material and energy costs. Training one large AI 

model can emit as much as 5 cars over their lifetimes. 

A green Industry 4.0 demands renewable-powered 

compute and design for e-waste recovery from day 

one. 

vi. Equity and Labour Transitions  

Green economy promises jobs; Industry 4.0 threatens 

to automate them. Without policy, we risk high-skill 

green-technology enclaves alongside displaced 

manufacturing communities. Integration requires 

reskilling frameworks and just-transition funding. 

5.2 Conditions for Successful Integration  

i. Policy as Orchestrator; Carbon pricing, e-

waste directives, and green procurement 

standards give Industry 4.0 a vector. 
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Otherwise, algorithms optimize for cost 

alone.   

ii.  Lifecycle Design Mandate; Products must 

be designed for disassembly, with 

Industry 4.0 tools tracking each 

component from cradle to cradle.   

iv. Interoperable Data Standards; 

Sustainability metrics need to be 

machine-readable across supply chains. 

If your supplier's carbon data can't talk to 

your Enterprise Resource Planning 

(ERP), you can't optimize it.   

v. Energy-First Digitalization; Prioritize 

Industry 4.0 deployments that have 

direct, measurable energy or material 

savings. Not every process needs a digital 

twin. 

6.0 Synchronizing Industry 4.0 with City 

Planning: Building a Responsive City 

Industry 4.0 is not just for factories. Its core ideas 

comprise of real-time data, connected systems, and 

decentralized decision-making and these are exactly 

what modern cities need. When you synchronize 

Industry 4.0 with City Planning, you stop planning 

cities that are static and start designing smart cities 

with integrated networking, high resilient capacity, 

social and economic sustainability. It should be noted 

that traditional city planning works with 5-10 years 

master plans. Industry 4.0 works in milliseconds. 

Synchronizing them means building a city that senses 

and responds to: 

• Factories that share energy load, logistics, 

and workforce data 

• Infrastructure that shares traffic, utility and 

environmental data   

• Planning that shifts from zoning maps to 

dynamic operating system.  

The goal therefore is to design a city where land use, 

mobility, and utilities adapts to real-time industrial 

and citizen needs. However, three Synchronizing 

points that matters most are; 

i. Digital Twins for Co-Design.  Don’t plan a 
new industrial park on paper. Build a live 

digital twin of the city district. Plug in the 

factory’s IoT output: truck schedules, 
emissions, shift changes, power draw. Then 

test how it hits transit, housing, and grid 

capacity before breaking ground. 

ii. Infrastructure as a Service.  Industry 4.0 

runs on flexible production cells. Cities need 

flexible infrastructure cells. For instance, 

think of smart grids that reroute surplus solar 

from factory roofs to residential peaks; 

Modular logistics where autonomous freight 

moves at night on sensor-cleared corridors; 

Zoning that is based on Application 

Programming Interfaces (APIs) where a 

building’s permitted use can shift based on 
noise, traffic and air quality data for that day. 

Note that zoning API are web services that 

let developers pull real-time zoning land use, 

and building control data in to applications 

such as GIS tools or real estate platforms 

instead of digging through municipal 

websites. 

6.1 Integration Gaps in LMICs 

Reviews by the World Bank and UN-Habitat shows 

limited deployment of Industry 4.0 in African cities 

due to cost barriers, energy constraints, and weak 

institutional capacity (Chen et al., 2016; UN-Habitat, 

2024; World Bank, 2025). The studies noted that 

institutional fragmentation and weak local planning 

systems still hamper urban decarbonization where 

many cities lack the capacity and mechanisms 

requires to translate national climate goals in to 

actions. This is because from the cost perspective, 

smart infrastructures have low upfront and very high 

maintenance costs and large ICT investments that are 

underutilized (UN-Habitat, 2024; World Bank, 2025). 

Case studies from Lagos and Nairobi for example 

highlight potential for low-cost sensors and mobile 

data, but lack rigorous impact evaluation 

(Zimmerman, L., Olaolorun, F., & Radloff, S. (n.d); 

Shaw, et al., 2017).  

7.0  Conceptual Model    

The conceptual framework for this research suggests 

that sustainable urban development can be  achieved 
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through the synergistic interactions of Industry 4.0 

technologies, Green Economy principles, and Urban 

Planning systems. Industry 4.0 provides the 

technological foundation, Urban Planning ensures 

spatial and institutional integration, while the Green 

Economy defines the sustainability objectives. Their 

integration bring about the transformation of cities 

into intelligent, low-carbon, and resource-efficient 

urban systems. 

 

Soruce: Reserachers’ Conceptualisation (2026) 

Fig. 1: Integrating Green Economy, Industry 4.0, and Urban Planning 

7.1 Conceptual Linkages between the Variables in 

the Framework 

The interactions among Industry 4.0, Green 

Economy, and Urban Planning can be understood 

through a systems-based approach where each 

component plays a distinct but interdependent role:  

Industry 4.0 as an Enabling Technology facilitate 

the transition to a Green Economy by improving 

resource efficiency, reducing wastes, and optimizing 

energy consumption. Smart sensors, real-time 

monitoring systems, and predictive analytics enable 

cities and industries to minimize environmental 

impacts while improving productivity. Urban 

Planning as a decision making process and as an 

Implementation Mechanism translates 

sustainability and technological innovations into 

spatial realities. This is achieve via smart zoning, 

transit-oriented development, green infrastructure 

development, and compact city design. Urban 

planners integrate Industry 4.0 outcomes into physical 

urban systems, hence supporting the objectives of 

Green Economy. Green Economy as a 

Sustainability Goal provides the normative 

foundation of the framework. It defines the desired 

outcomes of urban transformation, including 

decoupling of carbon emissions, circular resource use, 

sustainable consumption, and improved quality of 

life. It guides both technological deployment and 

spatial planning decisions. 
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7.2 Policy Implications 

• Government adoption of smart city 

technologies 

• Investment in digital infrastructure 

• Environmental regulation enforcement 

• Public-private partnerships 

• Capacity building in urban planning agencies 

7.3 Mediating and Intervening Factors 

The effectiveness of this integration is influenced by 

several mediating factors such as: 

I. Policy and regulatory frameworks supporting 

sustainability 

II. Digital infrastructure and technological 

readiness 

III. Institutional capacity and governance quality 

IV. Public-private partnerships 

V. Stakeholder participation and awareness 

These factors determine the extent to which Industry 

4.0 technologies and Green Economy principles are 

successfully embedded into urban planning systems. 

CONCLUSION 

Integrating Industry 4.0 tools into green economy 

planning for sustainable development most especially 

in low- and medium-income cities critically enhance 

environment quality and standard when properly 

deployed. It produces measurable gains in physical 

planning, governance trust, ecological recovery, 

household welfare and smart city development. The 

model demonstrates that digital technologies are not 

substitutes for governance but enablers of more 

responsive and inclusive decision-making with 

attention to inclusion and institutional capacity. 

Industry 4.0 without green constraints is acceleration 

without steering. Green economy without Industry 4.0 

is ambition without instrumentation. The integrated 

model is intelligent in decarbonization using cyber-

physical systems to make the invisible visible.  

Carbon flows, waste heat, embodied water, labour 

conditions, once measured in real time, they can be 

managed, once managed, they can be priced, once 

priced, markets is self-correct. City planning still 

assumes the city is hardware. Industry 4.0 treats it like 

software. Syncing them means designing cities that 

update, not just expand. 
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