
smarco
Funded by the European Union. Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European Union or the European

Education and Culture Executive Agency (EACEA). Neither the European Union nor EACEA
can be held responsible for them.

Unit 2 - Sustainability Metrics & 
Environmental Impact

Smart City 
Features 

SMARCO
SMART Communities Skills 
Development in Europe



smarco
2

Unit 2 - Aim and objectives
• This unit examines the main sustainability metrics and environmental indicators used in Smart Cities

to support evidence-based planning and policy evaluation. Learners explore how data-driven tools

measure energy efficiency, mobility patterns, environmental quality, and resource consumption. The

unit also analyses the environmental impact of urban technologies, the benefits and risks

associated with their adoption, and how municipalities can design balanced, sustainable and

future-oriented urban solutions supported by reliable data.
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Unit 2 - Learning Outcomes
By the end of this unit, learners will be able to:

• Define the core sustainability metrics and environmental indicators used to evaluate urban

systems in Smart Cities.

• Describe the main data sources and monitoring tools applied to assess energy efficiency,

mobility patterns, environmental quality and resource consumption.

• Identify and classify the analytical frameworks that support sustainability assessment and guide

municipal policy evaluation.

• Analyze how sustainability data can inform balanced, future-oriented planning decisions in

municipal contexts.
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Unit 2 - Structure and Flow

Sustainability Indicators
Key metrics for measuring urban environmental

performance

Environmental Assessment
Methods for evaluating ecological impacts in urban

contexts

Data-Driven Solutions
Municipal approaches using evidence-based decision-

making

Evaluation Methods
Practical tools for monitoring and improving

sustainability outcomes
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Why Sustainability Matters for Cities
Urban Pressures

• Climate change impacts
• Resource scarcity
• Environmental degradation
• Population growth

Essential Outcomes

• Enhanced urban resilience
• Improved quality of life
• Long-term strategic planning
• Ecosystem protection

Cities consume over 75% of global resources and emit 60–80% of greenhouse gases, making

urban sustainability a critical priority for environmental protection and human well-being.
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The Role of Sustainability Metrics
01

Monitor Emissions
Track greenhouse gas outputs and air

pollutants across urban systems

02

Assess Air Quality
Measure particulate matter and pollutant

concentrations affecting public health

03

Evaluate Energy Use
Analyze consumption patterns in

buildings, transport, and public

infrastructure

04

Track Waste & Water
Monitor resource efficiency, waste generation, and water

management systems

05

Measure Impacts
Quantify social, economic, and environmental outcomes of

urban policies

Metrics provide the foundation for evidence-based policymaking, enabling cities to set targets, measure

progress, and adjust strategies for continuous improvement.
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Global Frameworks for Urban Sustainability

UN-Habitat
Promotes sustainable urban development and

adequate housing for all, with frameworks for

resilient cities

Sustainable Development Goals
SDG 11 specifically targets sustainable

cities and communities, with

measurable indicators

European Green Deal
EU's roadmap to climate neutrality by 2050,

emphasising urban transformation

EEA Guidelines
European Environment Agency standards

for monitoring and reporting environmental

data
These frameworks recognize cities as central actors in the global sustainability transition, providing

tools and targets for municipal action.
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Three Dimensions 
of Sustainability

Social

Environmental Economic

Env + 

Social
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Sustainable 

Urban 

Development

Albino, Berardi & Dangelico (2015)

emphasise that sustainable cities must

integrate environmental protection,

economic viability, and social equity.

Addressing one dimension in isolation leads

to fragmented outcomes and missed

opportunities for systemic transformation.
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ISO 37120 and SDG Indicators
ISO 37120 Framework

International standard for city

services and quality of life, providing over

100 indicators across themes including

economy, environment, governance, and

social parameters.

Enables cities to benchmark performance

against international peers and track

progress systematically.

SDG Urban Indicators
Aligned with the 2030 Agenda, these

indicators measure progress on affordable

housing, transport access, air quality, waste

management, and green space provision.

Used by municipalities worldwide to report on

Sustainable Development Goal 11.

Standardised indicators facilitate transparency, comparability, and accountability in urban sustainability efforts, 

supporting evidence-based policy development.
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Air Quality Indicators

PM₂.₅ & PM₁₀
Fine and coarse particulate 
matter concentrations
• Measured in µg/m³
• WHO guidelines: 5 

µg/m³ (PM₂.₅), 15 µg/m³ 
(PM₁₀)

Nitrogen Dioxide (NO₂)
Traffic-related pollution 
affecting respiratory health
• EU limit: 40 µg/m³ 

annual mean
• Primary source: vehicle 

emissions

Ozone (O₃)
Ground-level ozone 
formed through 
photochemical reactions
• Peak concentrations in 

summer
• Target value: 120 µg/m³ 

(8-hour mean)

Monitoring approaches: Fixed monitoring stations, low-cost sensor networks, satellite data, 
and dispersion modelling tools provide comprehensive air quality assessment.
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Water Indicators
Water Consumption

Per capita daily consumption

(litres/person/day) and total municipal demand,

identifying efficiency opportunities and

behavioral patterns.

Leakage Rates
Percentage of water lost through

distribution network failures. European cities

average 20–30% losses; best performers

achieve under 10%.

Treatment Efficiency
Wastewater treatment capacity,

pollutant removal rates, and compliance with

discharge standards ensure ecosystem

protection.

Access to Safe Water
Percentage of population with reliable

access to clean drinking water meeting

quality standards, ensuring public health.
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Waste Indicators
Generation Rates

Municipal solid waste per

capita (kg/person/year)
European average: 505

kg/person/year (2020)

Recycling Performance

Percentage of waste recycled

or composted
EU target: 65% by 2035

Selective Collection

Participation rates in source

separation programmes
Contamination levels in

recyclable streams

Landfill Dependency
Proportion of waste sent to landfill remains a critical indicator. Best-performing European

cities have reduced landfill rates to under 5%, whilst others exceed 60%. Reducing landfill

dependency requires integrated strategies including prevention, reuse, recycling, and waste-to-

energy technologies.
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Energy Performance Indicators

Public Lighting 
Efficiency
• Energy consumption per lamp 

(kWh/year)
• LED conversion rates
• Adaptive lighting systems

Building 
Performance
• Energy consumption per m²

(kWh/m²/year)
• Energy Performance

Certificate (EPC) ratings
• Retrofit programmes

Renewable Energy 
Share
• Percentage of municipal

energy from renewables
• Solar PV capacity (kW per

capita)
• District heating systems

Energy indicators reveal opportunities for decarbonization through efficiency improvements,

renewable integration, and behavioral change. Tracking consumption patterns enables targeted

interventions and investment prioritization.
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Greenhouse Gas Emissions

Urban greenhouse gas inventories quantify emissions by sector, enabling cities to identify priority areas for mitigation. CO₂ per capita provides a

normalized metric for comparing cities of different sizes. Transport and buildings typically dominate urban emissions profiles, requiring integrated strategies

for decarbonization.
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Green Space Access

9m²

WHO Recommendation
Minimum green space per capita for 

health and well-being

300m

Proximity Standard
Maximum distance from residence to 

nearest accessible green space

40%

Canopy Coverage
Target tree canopy cover for urban 

heat mitigation and air quality

Green space indicators measure both quantity and quality of urban nature. Ecological corridors connect habitats, supporting

biodiversity whilst providing recreation and climate adaptation benefits. Equitable distribution ensures all residents benefit from urban greening,

addressing environmental justice concerns.
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Data-Driven Sustainability Solutions
1

Smart Street Lighting
Adaptive systems reduce energy consumption

by 50–70% through dimming, scheduling, and

motion detection

2

Waste Bin Sensors
Fill-level monitoring optimises collection routes,

reducing fuel consumption and emissions by up

to 40%

3

Mobility Analytics
Traffic flow data, public transport usage, and

cycling patterns inform infrastructure investment

and policy

4

Environmental Modelling
Air quality forecasting, noise mapping, and heat

vulnerability assessments support preventive

interventions

These technologies demonstrate how real-time data transforms municipal operations, improving

efficiency whilst reducing environmental impacts.
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Predictive Sustainability Analytics

Pollution Peak 
Forecasting

Heatwave Early 
Warning

Energy Demand 
Prediction

Flood Risk 
Assessment

Machine learning algorithms analyze

historical patterns and real-time data to predict

environmental challenges before they occur.

Predictive analytics enable proactive responses:

issuing public health warnings, adjusting energy

grid operations, deploying emergency resources,

and implementing temporary traffic restrictions.

This shifts municipalities from reactive

crisis management to anticipatory governance,

protecting vulnerable populations and

infrastructure.
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Environmental Impact of Smart 
TechnologiesData Centre Energy Consumption

Cloud computing and data storage facilities consume significant electricity.

European data centres used 2.7% of total electricity demand in 2018,

projected to increase substantially.

Sensor & Device Waste
IoT devices have limited lifespans (3–5 years), creating electronic waste

streams. Rare earth materials in sensors pose recycling challenges.

EV Charging Infrastructure
Whilst electric vehicles reduce tailpipe emissions, charging infrastructure

requires significant energy. Grid decarbonisation is essential for net

environmental benefits.

5G Network Energy Use
Next-generation telecommunications networks demand more energy than

previous technologies. Energy-efficient network design and renewable power

sourcing are critical.

Smart City solutions must be evaluated holistically, considering life cycle impacts, embodied energy, and operational footprints alongside efficiency gains.
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Circular and Low-Carbon Strategies
Renewable Integration

Solar, wind, and geothermal

energy sources reduce fossil fuel

dependency

Material Reuse
Construction materials, furniture,

and equipment repurposed

through circular economy
principles

Efficiency Measures
Building retrofits, efficient
appliances, and behavioural

programmes reduce
consumption

Life Cycle Analysis
Assessment of environmental
impacts from production through

disposal informs procurement
decisions

These strategies form an integrated approach to decarbonization, shifting from linear 'take-

make-dispose' models to regenerative systems that minimise waste and environmental harm.
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Practical Evaluation Considerations

Data Quality & Reliability
Sensor calibration, measurement protocols, and
quality assurance procedures determine

indicator credibility. Regular validation against

reference standards is essential.

Temporal & Spatial Patterns
Indicators vary by season, time of day, and
location. Annual averages may mask critical

peaks. High-resolution data reveals

neighbourhood-level disparities.

Baselines & Targets
Establishing baseline conditions enables

progress measurement. Targets should be

ambitious yet achievable, aligned with
international standards and local context.

Uncertainty & Limitations
Acknowledge data gaps, modelling

assumptions, and measurement uncertainties.

Transparent communication builds trust and
supports informed decision-making.
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Practical Exercise
01

Identify a Positive Indicator

Review your municipality's

sustainability data and select one

indicator showing improvement

over the past 3–5 years

02

Identify a Negative Trend

Select one indicator

demonstrating deterioration or

failure to meet targets, analysing

underlying causes

03

Propose an Intervention

Design a data-driven

sustainability intervention

addressing the negative trend,

specifying monitoring methods

and success metrics

This exercise develops practical skills in indicator interpretation, problem diagnosis, and evidence-based 
policy design. Consider stakeholder engagement, resource requirements, and implementation timelines 
in your proposal.
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Conclusion
Sustainability metrics provide the foundation for transparent,

accountable, and effective urban environmental governance. They

transform abstract commitments into measurable targets, enabling cities
to track progress, identify priorities, and demonstrate results to citizens.

Smart City technologies offer powerful tools for data collection,
analysis, and intervention. However, municipalities must balance

innovation with environmental responsibility, ensuring that digital solutions

contribute to—rather than undermine—sustainability goals.

The integration of standardised frameworks, predictive analytics, and

circular economy principles positions cities to lead the global transition

towards resilient, low-carbon, and socially equitable urban futures.

Key Takeaway

Evidence-based metrics drive
sustainable urban transformation

through continuous monitoring,

evaluation, and adaptive

management.



smarco

• Albino, V., Berardi, U., & Dangelico, R. (2015). Smart Cities: Definitions, Dimensions, Performance, and Initiatives. Journal of Urban Technology.

• Batty, M. (2013). The New Science of Cities. MIT Press.

• Caragliu, A., Del Bo, C., & Nijkamp, P. (2011). Smart Cities in Europe. Journal of Urban Technology.

• European Commission (2020). European Green Deal. Brussels.

• European Commission (2021). Horizon Europe Programme – Mission: Climate-Neutral and Smart Cities.

• European Environment Agency (EEA). (2020). Healthy Environment, Healthy Lives: How the Environment Influences Health and Well-being.

• European Innovation Partnership on Smart Cities and Communities (EIP-SCC). Smart City Guidance Package (SCGP).

• European Union (2019). European Climate Law.

• Fischer, F. (2009). Democracy and Expertise: Reorienting Policy Inquiry. Oxford University Press.

• Foucault, M. (1976). Power/Knowledge: Selected Interviews & Other Writings. Harvester Press.

• Habermas, J. (1984). The Theory of Communicative Action. Beacon Press.

• Hollands, R. (2015). Critical Interventions Into the Corporate Smart City. Cambridge Journal of Regions, Economy and Society.

• International Energy Agency (IEA). Digitalization and Energy.

• IPCC (2021). Sixth Assessment Report (AR6): Impacts, Adaptation and Vulnerability.

• ISO (2014). ISO 37120: Indicators for City Services and Quality of Life. International Organization for Standardization.

List of references 



smarco

• Kitchin, R. (2014). The Data Revolution: Big Data, Open Data, Data Infrastructures & Their Consequences. Sage Publishing.

• Komninos, N. (2014). The Age of Intelligent Cities: Smart Environments and Innovation-for-All Strategies. Routledge.

• McKinsey Global Institute (2018). Smart Cities: Digital Solutions for a More Livable Future.

• Newman, P., & Kenworthy, J. (1999). Sustainability and Cities: Overcoming Automobile Dependence. Island Press.

• OECD (2019). Smart Cities and Inclusive Growth. OECD Publishing.

• OECD (2021). Green Growth Indicators. OECD Publishing.

• Prahalad, C. K., & Ramaswamy, V. (2004). The Future of Competition: Co-Creating Unique Value with Customers. Harvard Business School Press.

• Reason, P., & Bradbury, H. (2001). Handbook of Action Research: Participative Inquiry and Practice. Sage Publishing.

• Townsend, A. (2013). Smart Cities: Big Data, Civic Hackers, and the Quest for a New Utopia. W.W. Norton.

• UN-Habitat (2016). World Cities Report: Urbanization and Development – Emerging Futures.

• UN-Habitat (2020). SDG Indicators for Sustainable Cities.

• World Economic Forum (2020). Transforming Cities Through Digital Innovation.

List of references 



smarco

Further Reading 
• UN-Habitat (2020). SDG Monitoring Guide for Cities.

• European Environment Agency (EEA). Urban Sustainability Indicators.

• European Green Deal — Climate Neutral and Smart Cities Mission.
• IPCC (2022). Climate Change Mitigation – Summary for Urban Policymakers.

• ISO 37122 — Indicators for Smart Cities.

• Ellen MacArthur Foundation — Circular Economy in Cities.

25



smarco

Unit Completed - What's Next?

To consolidate your learning and reflect on the key concepts covered, please take a moment to
complete this quiz.

Your feedback and results will help you track your progress and support continuous improvement of
the training experience.

By completing this quiz, you will also become eligible to receive a certificate of successful training
completion.

Click the link to begin the quiz!

https://ec.europa.eu/eusurvey/runner/SMARCO_Smart_City_Features_Quiz
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