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The COVID-19 pandemic has been a defining moment for cities, changing how people live, shop, 

socialize, and travel, along with how businesses get work done. At the same time, it heightened 

public concerns about the environment and social equity, prompting greater attention from urban 

leaders and a wider commitment to the UN’s Sustainable Development Goals (SDGs). 

As cities map out their future, rethinking their critical infrastructure—from transportation and 

mobility, to energy, water, and utilities, and to the environment and sustainability—is top of mind. 

Even before the pandemic, urban infrastructure around the world needed repair. But the 

pandemic has heightened the need to make infrastructure smarter and greener, as well as more 

secure and resilient, to meet the evolving demands of citizens, merchants, and businesses 

operating in a digital-first world. 

As city leaders think beyond the pandemic, they need evidence-based roadmaps to help them 

rebuild their critical infrastructure and ensure it is fit for purpose. This eBook will help cities 

understand the impact of the pandemic on urban infrastructure plans and the central role of 

digitization and data analytics in improving mobility and transportation, energy, water, and 

utilities, and the environment.

This eBook draws on the results of a global study completed in April 2021 by Bentley and 

ThoughtLab. The study explored how 167 cities—with diverse populations and economies—use 

smart data and innovation to boost their resilience and achieve their social, environmental, and 

economic goals. The study spotlights the practices of smart city leaders that are most advanced in 

digital transformation, data usage, and citizen engagement.
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The impact of the pandemic

“Before the pandemic, we were 
improvising day by day. That was 
the biggest lesson: we shouldn’t 
improvise in our city. We must 
focus on technology and 
infrastructure so that people 
stay here, work here, and also 
come from other states.”

Abhishek Sharma, City Manager, 
Ludhiana, India

ThoughtLab



Even before the pandemic, the quality of infrastructure was lacking
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Many cities around the world surveyed in our study rated the quality of their local infrastructure as average or poor, with those in Africa giving their infrastructure assets the 
worst grades overall across all areas. 

After Africa, cities in Latin America and Asia—the latter comprising both advanced and emerging market cities—came next in giving many types of infrastructure lower marks 
(average to poor). More than half of cities globally are lacking in good quality data centers, with only North America, the world’s technology leader, showing more favorable 
results. Nearly a third or more cities have sewer systems, ports, and water supply that fall short of the quality needed in a modern world. 

That leaves considerable room for improvement in all infrastructure areas, particularly in those that will be crucial in a post-pandemic environment where sustainability and social 
equity will be higher priorities. These improvements will be needed particularly in digital infrastructure, mobility and transportation, and energy, water, and other utilities. All 
these infrastructure areas will require considerable investment along with innovative technology and data solutions to become fit for purpose. 

Q5: Please rate the quality of the following types of infrastructure available in your city, taking into account its useful life at existing levels of maintenance and its ability to meet demand with a quality service.
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of cities report it reduced “tech-
lash”, i.e., citizen concerns about 
privacy and safety

36%

17%
More than a third of cities say 
COVID-19 exposed weaknesses in  
operational continuity capabilities

36%

Africa Asia Europe
Latin 

America
MENA

North 
America

All

Data centers 74% 52% 54% 87% 60% 37% 55%

Sewer 74% 46% 16% 60% 60% 12% 37%

Ports 68% 46% 22% 40% 20% 27% 37%

Water supply 63% 30% 11% 53% 60% 15% 30%

Digital connectivity 74% 22% 14% 40% 30% 7% 25%

Roads and bridges 47% 30% 22% 20% 10% 5% 22%

Parks 58% 26% 5% 33% 30% 5% 21%

Electricity 58% 28% 11% 20% 10% 2% 20%

Railroads 63% 17% 11% 13% 20% 15% 20%

Public transportation 58% 20% 3% 13% 10% 3% 15%

Airports 37% 20% 3% 13% 0% 7% 13%

Average 61% 31% 16% 36% 28% 12% 27%

Infrastructure quality (% of respondents rating as average or poor)



COVID-19 highlighted a need for smarter, greener, and more resilient infrastructure 

Rethinking infrastructure     5

The health crisis has had profound impacts on all areas of urban life and caused city leaders to realign their infrastructure plans to the evolving needs of citizens, merchants, 
and businesses.

More than two-thirds of city officials agree that the pandemic will prompt reconsideration of urban planning, while more than half expect to see changes in mobility and 
transportation approaches, as well as in how people live, work, socialize, and travel. In addition, the pandemic exposed weaknesses in cities’ operational and continuity capabilities 
(36% of cities) and in their digital infrastructure, IT systems, platforms, and workflows (28% of cities). At the same time, it has made the UN’s SDGs a higher priority for over a 
quarter of cities and led to environmental benefits, such as decreased air pollution and energy, which 14% of cities are taking steps to sustain. 

The pandemic taught some valuable lessons. As digital engagement rose in importance, about two-thirds of cities discovered how crucial smart technology is for their future. Many 
also learned the vital importance of continuity planning and agility, access to data and advanced analytics, and business and government collaboration. For a not insignificant 37% 
of cities, the pandemic highlighted the need to invest to upgrade core infrastructure.   

Q9. Which of the following statements about the impact of COVID-19 on your city and its stakeholders do you agree with? Q10: What were the biggest lessons learned from the pandemic?
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More than a third of cities say 
COVID-19 exposed weaknesses in  
operational continuity capabilities

of cities say it exposed weaknesses 
in digital infrastructure, IT 
systems, platforms, and workflows

of cities report it reduced “tech-
lash”, i.e., citizen concerns about 
privacy and safety

36%

28%

17%

Lessons learned from the pandemic (% selecting)

The impact of the COVID-19 pandemic… %

will cause us to reconsider traditional approaches to urban planning, use of space, and population density 69%

will cause our city to reconsider mobility and transportation approaches to accommodate changing citizen behaviors 54%

will permanently change the way people live, work, socialize, and travel in our city 53%

exposed weaknesses in our city's operational continuity capabilities when city employees need to work remotely 36%

has stimulated new thinking about our urban priorities and interest in programs to build the social good 36%

has led to major cost-cutting to maintain basic services 31%

has made the UN’s SDGs a higher priority for our city 28%

exposed weaknesses in our digital infrastructure, IT systems, platforms, and workflows 28%

has led to environmental benefits that our city is taking steps to maintain 14%

More than a third of cities say 
COVID-19 exposed weaknesses in  
operational continuity capabilities

36%

Urban impacts from the pandemic (% agreeing) 

16%

37%

37%

40%

43%

54%

65%

Resilient ecosystem of suppliers &
partners is vital

Business & government need to
collaborate closely

Cities need to invest in upgrading core
infrastructure

Access to data & advanced analytics is
crucial

Continuity planning & agility are
critical

Cities need to pay more attention to
health of citizens

Smart city programs are crucial for the
future



The pandemic has changed urban thinking in cities around the world
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While the pandemic had major repercussions for all cities, its impact on urban plans and priorities varied by region.

Latin America, especially, expects to reconsider traditional approaches to urban planning, while cities in the Middle East and North 
America will rethink mobility and transportation more than others. However, in many developing regions in MENA, Latin America, and 
Asia, some of those efforts may be stymied by budget cuts. European and African cities, more than others, saw the pandemic expose 
weaknesses in operational continuity and IT systems that they need to address in order to carry forward their agendas and prepare for 
future disruption. The pandemic stimulated new thinking about urban priorities for the social good in most parts of the world, and it 
elevated the priority of the UN’s SDGs, particularly in Europe and North America.

Q9. Which of the following statements about the impact of COVID-19 on your city and its stakeholders do you agree with? 
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of cities report it reduced “tech-
lash”, i.e., citizen concerns about 
privacy and safety

36%

28%

17%
More than a third of cities say 
COVID-19 exposed weaknesses in  
operational continuity capabilities

36%

Urban impacts from the pandemic by region (% agreeing)

The impact of the COVID-19 pandemic…
North 

America
Europe Asia

Latin 
America

MENA
Sub-Saharan

Africa

will cause us to reconsider traditional approaches to urban planning, use of space, and population density 70% 70% 59% 93% 50% 79%

will cause our city to reconsider mobility and transportation  to accommodate changing citizen behaviors 70% 49% 46% 53% 80% 42%

will permanently change the way people live, work, socialize, and travel in our city 45% 68% 50% 53% 70% 42%

exposed weaknesses in our city's operational continuity  when city employees need to work remotely 38% 41% 30% 33% 30% 42%

has stimulated new thinking about our urban priorities and interest in programs to build the social good 33% 43% 33% 40% 20% 42%

has made the UN’s SDGs a higher priority for my city 35% 41% 26% 27% 10% 5%

has led to major cost-cutting to maintain basic services 20% 27% 39% 40% 40% 32%

exposed weaknesses in our digital infrastructure, IT systems, platforms, and workflows 15% 41% 28% 27% 20% 37%

has led to environmental benefits that our city is taking steps to maintain 8% 11% 20% 13% 10% 26%
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Improving infrastructure through 
digital innovation
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“I’ve been working to push the messaging that 
smart cities and sustainability should be 
overarching planning principles for cities. Every 
department should think through the lens of 
technology, data, and sustainability.”

Emily Yates, Smart City Director, Philadelphia 



The link between digital innovation and high-quality infrastructure
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Smarter cities have better infrastructure, showing that using data and digital technology to improve and 
support their built environment and services pays off.

Across all areas of infrastructure, the more advanced a city is in using data and smart technologies, the 
higher the quality of its infrastructure. The dichotomy between smart city beginners and leaders is starkly 
evident in areas like water supply, sewers, and ports, where only about a third of smart city beginners have 
high-quality infrastructure but nearly all leaders do. 

Advanced smart cities are further ahead in implementing technology across the related infrastructure 
domains, including environment and sustainability, mobility and transportation, and energy, water and 
other utilities. More than three-quarters of smart city leaders are maturing or leading in implementing 
technology in these areas, versus less than a fifth of beginners. 

Much of the difference is down to investment: smart city leaders prioritize investment in these smart city 
infrastructure domains more than beginners. For environment and sustainability, mobility, and energy, 
water and utilities, around three-quarters of leaders prioritize investment highly, while only a fifth to one-
quarter of beginners do. 

ThoughtLab

Beginner Intermediate Leader All

Airports 67% 93% 100% 87%

Transportation 65% 91% 97% 85%

Electricity 57% 86% 97% 80%

Railroads 57% 86% 95% 80%

Parks 57% 83% 100% 79%

Roads/bridges 55% 83% 97% 78%

Digital connectivity 51% 81% 95% 75%

Water supply 37% 79% 95% 70%

Sewer 31% 67% 100% 63%

Ports 37% 68% 89% 63%

Data centers 12% 49% 78% 45%

Infrastructure quality by smart city maturity (% rating as good or very good)

Q18: Please tell us what progress your city has made in using technology solutions to achieve its goals within the following urban domains.  Q5: Please rate the quality of the following types of infrastructure available in your city, taking into account its useful life at existing levels of 
maintenance and its ability to meet demand with a quality service. Q14. Please rank your investment priorities (include investment from both operating and capital budgets) across the urban domains over the next three years. 

Priority given to infrastructure investment next three years by smart city 
maturity (% ranking high or very high)

Beginner Intermediate Leader All

Environment and sustainability 27% 68% 70% 56%

Mobility and transportation 17% 65% 78% 54%

Energy, water, other utilities 22% 53% 76% 49%

Progress using technology solutions smart city maturity (% rating as maturing or leading)

16%

18%

20%

59%

56%

54%

81%

78%

76%

51%

50%

49%

Mobility/transportation

Energy/utilities

Environment/resources

Beginner Intermediate Leader All



Smart infrastructure progress and investment trends by region 
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Cities have made considerable progress in using technology to bolster infrastructure, but there is much room for improvement.

About half of cities globally have advanced notably in using technology solutions to upgrade environment and sustainability, 
mobility and transportation, and energy, water, and utilities. The progress varies by region, however. North American cities are
most advanced in using technology for mobility and transportation, while MENA and Asian cities are most ahead in energy, water, 
and other utilities. Europe has made the most progress on environment and sustainability. Not surprisingly given their lower level of 
development and technology adoption, African cities lag others across the three domains. 

Most cities will be upping the ante over the next three years. Seventy-three percent of North American cities will continue to make 
investment in mobility and transportation a top priority, and European cities will do the same with the environment and 
sustainability, and MENA with energy, water, and utilities. While APAC, overall, appears behind in smart infrastructure, it is 
increasing its investment priorities related to mobility and transportation and the environment. African cities are slipping further 
behind, particularly in mobility and energy and utilities.

ThoughtLab

Priority given to infrastructure investment next three years, by region  (% ranking 
as high or very high)

Q18: Please tell us what progress your city has made in using technology solutions to achieve its goals within the following urban domains.  Q14. Please rank your investment priorities (include investment from both operating and capital budgets) across the urban domains over 
the next three years. 

Progress using technology solutions, by region (% rating as maturing or leading)

Africa Asia Europe LatAm MENA N.A. All

Environment and sustainability 32% 33% 68% 47% 30% 65% 49%

Mobility and transportation 32% 35% 62% 40% 60% 73% 51%

Energy, water, and other utilities 37% 43% 54% 47% 70% 55% 50%

Africa Asia Europe LatAm MENA N.A. All

Environment and sustainability 37% 50% 76% 53% 40% 60% 56%

Mobility and transportation 28% 54% 54% 40% 50% 73% 54%

Energy, water, other utilities 26% 43% 59% 40% 70% 55% 49%



Smart city leaders invest more in data and digitization to support infrastructure
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Cities have already made large outlays for latest technologies, such as cloud, mobile, IoT, and AI, which 
enable them to improve the development and management of infrastructure.   

Slightly fewer cities are spending significantly on biometrics and AI. More than half of cities are investing in 
blockchain and RPA. Nearly one-fifth of leaders have invested in digital twins, a new canvas on which to 
understand disparate data siloes, model what-if scenarios, and make better decisions. 

Over the next three years, cities plan to increase investments significantly in digital twins, 3-D printing, data 
warehouses, augmented and virtual reality, blockchain, digital dashboards, and drones. 

Q16: In which of the following digital technologies and solutions has your city made large investments and in which will you make large investments over the next three years?

% of cities making large digital technology investments today

% increase in cities making large digital technology 
investments over next three years 

282%
Digital twins

200%
3-D printing

149%
Data warehouse/
lakes

147%
AR/VR

124%
Telematics/
geospatial

127%
Blockchain

126%
Digital 
dashboards

119%
Online
collaborative 
tools

126%
Drones, AVs

121%
AI

ThoughtLab

88% 86% 84%
74% 66%

56% 54% 50% 43% 43% 43% 42% 37%
19% 17% 11% 4%

100% 97% 97% 97%

84% 84%
89%

57%
65%

73%

59%
65%

57%

43%

16% 19%

3%

All Leader

“Cities will transition to digital not just because it is faster, but 
also because it uses less resources, is environmentally friendly, 
and is safer. It is the moment to foster cooperation with 
technology partners, push budgets to allow this transition, and 
promote data exchange for easier governance.” 

Raul Garcia-Rodriguez, Director of Sustainability Services, 
Central Europe, Deloitte; Advisor to  United Nations Economic 
Commission for Europe



Digital twins are becoming a must-have technology
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Seeking visibility and insights for data-driven decisions, leaders plan to boost 
investments in digital twins and other key technologies over the next three years. 

The share of cities making large technology investments will jump the most for 
digital twins, from 11% of cities today to 31% in three years—a rise of almost 300%.

Digital twins—especially in combination with good data management platforms—
help cities organize, manage, analyze and share data. They also allow cities to do 
advanced modeling and conduct simulations and what-if scenarios. Smart city 
leaders use digital twins to test new solutions, improve decision-making and urban 
planning, and make infrastructure sustainable and resilient. 

Novel uses will follow. Digital twins will be used, no doubt, to simulate future 
pandemics and other public-health emergencies, providing city officials with 
insights on how to reduce harm and increase public safety. Cities could run 
“tabletop” exercises in which they game out certain scenarios to increase 
preparedness. 

Along with a master data-management platform, digital twins will help cities drive 
efficiencies and better economic outcomes. Other benefits include minimizing risk, 
reducing costs, improving service, and providing access to data and visibility.  

Digital technology investments with fastest growth in three years

Q16: Which of the following digital  technologies and solutions has your city made large investments in and in which will you make large investments over the next three years? 

“In response to extreme weather events, rising population, and inadequate drainage, cities around the world are at risk of flooding. Floods have an impact on 
human safety, the economy, and more. In response to these threats, cities are striving to improve their flood resilience with data-driven planning, development, 
and operations. Innovative cities are accomplishing this using digital twins to improve the resilience of current infrastructure.“

Ton de Vries, Senior Director, Digital Cities, Bentley Systems

Technology
Large 

investments  
now

Large 
investments in 

3 years
Rate of growth

Digital twins 11% 31% 282%

3-D printing 4% 8% 200%

Data centers 43% 64% 149%

AR/VR 17% 25% 147%

Blockchain 56% 71% 127%

Digital dashboards 42% 53% 126%

Drones/robots 43% 54% 126%

Telematics 50% 62% 124%

Artificial intelligence 66% 80% 121%

ThoughtLab



How H2Porto improved performance

WATER SERVICE
INTERRUPTION

22.9% ↧

SEWER
COLLAPSES

54% ↧

OPERATING 
GAINS
23% ↥

BURST PIPE 
REPAIRS
8.3% ↥

SEWER & 
SERVICE 

CONNECTIONS
45.5% ↥
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Porto, Portugal stands out among cities in Europe in its dedication to using cutting-

edge technology to become more environmentally and socially responsible.

In 2020, Porto was selected by the European Commission to be part of the “Intelligent 

Cities Challenge,” an initiative to support and transform 120 cities into smart and 

sustainable urban centers. One example of Porto’s successes is its use of smart 

technology to improve its urban water system. 

Aguas do Porto (AdP), the city’s public water utility, is responsible for water supply, 

wastewater drainage and treatment, and stormwater treatment. As the company’s 

hydraulic infrastructure grew increasingly complex, it needed a holistic, integrated, and 

sustainable way to access data and manage its water cycle, including to forecast flood 

risks and water quality issues, and improve decision-making and system resilience.

Aguas do Porto’s digital twin

To do so, the city commissioned a group of vendors to create a single, smart water 

management platform called H2Porto. The consortium—which included Bentley,  

Aqualogus, A2O, and other partners—integrated all data sources, including geospatial 

information systems, real-time network sensors, household meters, laboratory, billing, 

work orders, and logistics into H2Porto. 

This digital twin can model water levels based on real-world conditions and weather 

forecasts to predict flooding and other service-related problems. It allows for 

integrated real-time management of the water system as well as remote monitoring of 

networks and teams. H2Porto also includes an application for the provision of 

information to the public, allowing, for example, customers to receive notices when 

the utility needs to cut the water supply to a particular area of the city. 

Quantifying the benefits 

After its deployment, Porto’s digital twin 

technology generated immediate results on 

a range of metrics, including decreasing 

water service interruptions and sewer 

collapses, improving repairs and service 

connections, and boosting operating gains. 

The platform also helped to increase the 

accuracy of data produced from sensor 

readings to nearly 99%—allowing for better 

decision-making, and, according to the 

utility, an increase in employee and 

customer satisfaction.

Case study: Porto

How a digital twin transformed the water system 
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AI has proved useful to Philadelphia as it seeks to 
improve the quality of its streets.

City officials partnered with a start-up that provides a 
low-cost imaging device that takes images every half 
second, 30 feet wide, and uses AI and visual ML to 
assess the quality of the pavements—one of the top 
complaints of citizens in the city. 

The project covered 1,200 miles of pavement in three 
months and led to the development of a five-year 
pavement strategy. Fixing pavements contributes to 
better social equity, as well. For example, if public 
transportation rides on smoother streets, maintenance 
costs are reduced as is the need to raise transit fares. 

Going beyond streets

“We have teamed up with a software provider to use AI 
and machine learning to evaluate more than 150 micro-
scale data points of the public realm,” said Emily Yates, 
Smart City Director, City of Philadelphia. 

“These include pedestrian infrastructure, density, traffic 
safety, recreational facilities, and even aesthetics. They 
do a data analysis and provide a menu of interventions 
and quantify the impacts that those will have,” said Yates

The partner company also now is training its AI to map 
manhole locations and street signs. “We’ve negotiated 
with them to do additional things in training their AI to 

look at things like manhole locations and mapping those 
locations, quality of pavement markings, and then also 
street sign mapping, ” said Yates.

A circular waste stream 

Another project Philadelphia is developing is a tool 
around urban mining—the recovery of rare metals from 
waste. It takes data from its construction demolition 
waste stream and models where waste is being created 
based on housing types, where there is a demand for 
reused material, and which materials are the most 
valuable. The hope is that the waste is allocated to 
where it’s needed. 

The goal also is to help facilitate a circular construction 
and demolition waste stream that will create jobs and 
reduce waste going to landfills.

Philadelphia’s top technology investments

AI

▪ Digital 
assistants

▪ Machine 
learning

▪ Computer 
vision

▪ NLP

Cloud

▪ Public cloud
▪ Private 

cloud
▪ Hybrid cloud
▪ Multi-cloud

Data 
gathering

▪ IoT/ sensors
▪ Biometrics/ 

facial rec
▪ Drones
▪ Telematics/ 

geospatial

Platforms

▪ RPA
▪ Data  lakes
▪ Enterprise 

platforms
▪ Dashboards
▪ Edge 

computing

“You don’t need a lot of money to have impact. You can 
be creative, and the value doesn’t always have to be 
financial for everybody. Our value-add when we partner 
is to provide some of the funds, but we also provide the 
capacity and absorb the risk. And I always keep focused 
on the economics, the environmental impacts, and the 
social impacts. Those are what really drive the selection 
of projects.” 

Emily Yates, Smart City Director, Philadelphia

Case study: Philadelphia

Using AI and data to improve streets and waste management



Environment and sustainability
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“Our work on sustainability is not rocket 
science. There is a business case. The city is a 
good laboratory for testing and is making a 
huge effort to be an example and show the 
private sector what is possible.”

Filipe Araujo, Vice Mayor, City of Porto

ThoughtLab



Digital innovation is the key to sustainability
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The pandemic resulted in a sudden improvement in air quality in many cities as 
commuter traffic declined—something many cities would like to see continue.

Water and air quality monitoring systems are table stakes for leaders as part of their arsenal 
of environment-related tools—and other cities are quickly catching up. Such monitoring 
systems generate the highest returns. 

Real-time monitoring of air and water quality is common across most cities, with 88% and 
81% of all cities investing in them, respectively. But other digital techniques—such as data 
analytics to optimize waste collection routes and provide flood warnings—are often 
overlooked. Just 35% overall use data to optimize collection routes, a missed opportunity 
since the ROI on such investments is about the same as water and air quality monitoring, 
both of which are at or just above 6%. 

The use of analytics to predict floods, while a much lower priority at present, likely will 
grow as climate change exacerbates flooding risks in many cities. The most forward-looking 
cities are increasingly incorporating climate risk factors into strategic, holistic planning to 
deliver major cost-benefits. This use of digital twins will be particularly useful in this area as 
adoption of that technology expands.  

Other effective technology-based steps include gamification of recycling and digital tracking 
and payment for waste disposal, which one-fifth of cities are taking.

Q41: In which of the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place? Q40. What are the most effective steps that your city is taking to improve the environment and sustainability? 

% making large technology investments for environment and sustainability

ThoughtLab

32%

62%

94%

97%

19%

35%

81%

88%

Predictive analytics for advanced flood warning

Use of data to optimize waste collection routes

Real-time water quality monitoring systems

Real-time air quality monitoring systems

Leader All

% citing as most effective steps to improve environment and sustainability

Steps % citing

Incorporate sustainability metrics into the local planning process 71%

Use gamification of recycling 20%

Use digital tracking and payment for waste disposal 20%

“Sustainability, environmental stewardship, fiscal responsiveness, homelessness, 
affordability in housing, social equity, and injustice—those issues will carry on into 
the next 10 years. We have to plan and adapt to ongoing changes.”

Aram Chaparyan, City Manager, Torrance



Cities across regions are investing in environmental technologies
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Q41: In which of  the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place? 

ThoughtLab

Cities are investing in real-time monitoring of air and water 
quality to boost their ability to make environmental 
interventions.

Cities in the Middle East, Europe, and North America lead in most 
areas.  Asia and Latin America are not too far behind in monitoring 
systems, although fewer cities there are investing in using data to 
optimize waste collection and predictive analytics for flood 
warning. Africa trails, particularly in predictive analytics. 

The differences between emerging and advanced markets are not 
as stark for monitoring systems and predictive analytics as they are 
for waste collection optimization, in which more than half of 
advanced market cities have invested, versus less than a fifth of 
emerging market cities.

“Smart innovation is the main driver to achieve sustainable 
development goals. Technology plays a crucial role in 
achieving sustainable cities and communities, as it is the 
key enabler for energy, water, air, traffic, buildings, and 
processes to work efficiently and in alignment with 
expected goals.” 

Jose Antonio Ondiviela, Western Europe Government, 
Smart Cities Solutions Director, Microsoft 

Technology Africa Asia Europe
Latin 

America
MENA

North 
America

Real-time air quality monitoring systems 68% 80% 97% 93% 100% 93%

Real-time water quality monitoring systems 64% 81% 86% 70% 89% 84%

Use of data to optimize waste collection routes 26% 24% 43% 20% 40% 48%

Predictive analytics for advanced flood warning 5% 28% 22% 7% 10% 20%

% making large technology investments for environment and sustainability, by region

% making large technology investments for environment and sustainability, by market

95%

85%

52%

22%

82%

77%

19%

17%

Real-time air quality monitoring systems

Real-time water quality monitoring systems

Use of data to optimize waste collection routes

Predictive analytics for advanced flood warning

Advanced Emerging



Leaders get better ROI on environment and sustainability tech spend
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Leaders are getting notably higher returns on their environmental technology investments 
than average—largely because they have been at it longer.

All respondents are seeing more payback from their monitoring systems investments, but 
leaders are getting almost a percentage point increase in ROI for all technologies, except 
predictive analytics for flood warning.

Returns chiefly track time in place for these technologies, which averages a little over two 
and a half years. Except for predictive analytics, leaders put these technologies into place 6-9 
months earlier than average. 

Q41: In which of the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place? 

ThoughtLab

Technology Leader Average

Real-time air quality monitoring systems 6.57% 5.66%

Real-time water quality monitoring systems 6.07% 5.28%

Use of data to optimize waste collection routes 5.89% 4.91%

Predictive analytics for advanced flood warning 3.12% 3.34%

Average ROI for technology investments for environment

2.34

2.42

3.5

2.5

2.64

2.49

2.57

1.93

3.6

3.3

2.38

2.91

2.8

2.72

2.64

2.39

Real-time air quality monitoring systems

Real-time water quality monitoring systems

Predictive analytics for advanced flood warning

Use of data to optimize waste collection routes

Beginner Intermediate Leader All

Average time in place for environment tech investments (years)
Orlando reaps strong ROI from green buildings investments

For Orlando, Florida, investments in energy efficiency of buildings is 
generating tremendous returns. “It’s one of the most cost-effective 
investments,” according to Chris Castro, the city’s Director of 
Sustainability and Resilience. In 2020, the city placed a $18 million 
green bond and invested the proceeds in city-owned facilities that were 
very energy intensive. The city conducted an energy benchmark of the 
entire city portfolio—7.2 million sq. ft.—and identified the biggest 
“energy hogs.”  It then retrofitted the facilities to improve energy 
efficiency. 

“We are tracking around $2.2 million per year in savings, and that’s 
more than double of what the repayment schedule is asking for,” said 
Castro. “We’re taking half of the savings and we’ve created a revolving 
energy fund to keep funding more efficiency, renewables, or electrical 
vehicle investments.”



Case study: Suzhou 

Becoming a smarter, sustainable city

Suzhou, a major Chinese city with 11 million 
inhabitants, is concentrating on sustainability as it 
accelerates its smart city strategy. 

Suzhou is ahead of other cities in implementing smart, 
sustainable projects. It is investing $80 million to build a 
safer and more efficient, low-polluting energy center in 
the city. A smart transportation plan will encompass 
projects like smart parking, taxi information service 
management, and traffic information collection to 
alleviate congestion and reduce accidents. The city is also 
working to build intelligently connected transport 
networks and will explore R&D projects to develop future 
transport models that involve autonomous vehicles. 

Suzhou is striving to marry its progress on sustainability 
with its efforts to become an innovative, digital city. In 
2021, it launched a “Three-Year Action Plan for 
Promoting Digital Economy and Digital Development in 
Suzhou City (2021-23).” Its goal is to accelerate the 
construction of digital science and technology innovation 

centers, digital intelligent manufacturing centers, and 
digital cultural tourism centers with global influence, as 
well as the creation of a world-class digital innovation 
ecosystem. 

Harnessing digital twins, AI, and IoT                                               

Suzhou Industrial Park, which is powered by digital twins, 
plays an important role in the city’s smart strategy. The 
industrial park makes use of AI, IoT, converged 
communications, and other technologies. It employs a 
next-generation Intelligent Operation Center (IOC) that 
enables data analysis, event management, risk warning, 
security control, event command, and decision-making. 

Taking advantage of the fast pace of digitalization during 
the pandemic, Suzhou is speeding up the creation of 5G 
independent networks and new green data centers. With 
its ability to generate higher productivity, digitization has 
become a core force in driving economic and social 
development in the city.

ThoughtLab Rethinking infrastructure    18

Suzhou’s large investments in digital technologies
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3-D printing

For Suzhou, the COVID-19 pandemic…
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priorities & interest in 
programs to build the 

social good

Has led to 
environmental

benefits that our 
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maintain



Mobility and transportation
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“When you talk about the future of 
mobility, if  you want to change the way 
we’re going to move, then regulation will 
be a key element: regulation together with 
policies and innovation.”

Miguel Rodriguez Planas
Commissioner of 2030 Agenda, Barcelona 
City Council

ThoughtLab



Cities are upgrading mobility and transportation through technology 
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Our survey shows that 54% of cities around the world are rethinking their mobility and 
transportation approaches because of COVID-19 and the vulnerabilities associated with 
climate change. 

That is reflected in the high percentage of cities investing in mobility-related technology, 
such as real-time public transportation apps and demand-based micro transit, which 
became particularly important during the pandemic. Other targeted technologies include 
mobility as-a-service apps, and digital/open-loop payments, as well as environmental 
initiatives like public electric vehicle charging. Yet one technology that is still in its infancy, 
despite its benefits, is data-enabled predictive maintenance of transportation infrastructure.

Smart city leaders are taking bigger strides than others in adopting these technologies, with 
some nine in 10 making large investments. Even for predictive maintenance data, leaders 
are well ahead, with 19% investing in this area versus just 7% of firms on average.

Other ways that cities are digitally enabling transportation include using data and analytics 
for transportation planning, congestion charging, smart parcel distribution, and open-data 
coordination for mobility. These activities are often reliant on connected sensors and 
imaging systems, as well as identification databases and automated billing mechanisms.

Q37. What are the most effective steps that your city is taking to improve mobility and transportation? Q38: In which of the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place? 

% making large technology investments for mobility and transport

ThoughtLab

19%

73%

86%

89%

95%

95%

89%

95%

7%

44%

52%

58%

63%

68%

68%

83%

Data for predictive maintenance of transportation

Digital transit payments/open-loop systems

Smart parking app

Mobility as a service (MaaS) apps

Smart traffic signals

Public electric vehicle charging infrastructure

Demand-based micro transit

Real-time public transportation app

Leader All

Steps % citing

Use data and analytics for transportation planning 51%

Use congestion charging/user-based charging/curb pricing 28%

Work with freight delivery and local businesses on parcel load pooling/smart parcel distribution 22%

Work with the private sector to encourage open data coordination for all forms of mobility 21%

% citing as most effective steps to improve mobility and transportation 



Advanced market cities are investing more in mobility technologies
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Technology investment for mobility and transportation varies considerably by region and market, with advanced markets, unsurprisingly, well ahead of emerging markets.

This disparity is somewhat reflected in the regional differences, with highly developed cities in North America and Europe investing more heavily in most technologies, although not 
across the board. Cities in the Middle East are investing nearly on a par, and in some cases are ahead of other markets, particularly in transportation apps and digital transit payments. 
Latin American cities are investing somewhat less, but are ahead of the average on real-time apps, electric vehicle charging and micro-transit. 

African cities are trailing in nearly every area, particularly electric vehicle charging infrastructure, in which only 11% are investing, versus 92% in Europe. Considering the often-unreliable 
electricity supplies and the tiny pool of electric vehicles on the continent—for example, as of 2019, only 1,000 EVs in total had been imported into South Africa—this is to be expected.

Q38: In which of the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place?. 

ThoughtLab

94%

91%

84%

77%

84%

77%

47%

11%

73%

48%

55%

51%

35%

30%

41%

3%

Real-time public transportation app

Public electric vehicle charging

Demand-based micro transit

Smart traffic signals

Mobility as a service (MaaS) apps

Smart parking apps

Digital transit payments/open-loop

Predictive maintenance

Advanced Emerging

% making large technology investments for mobility and transport,
by market

% making large technology investments for mobility and transport, by region

Technology Africa Asia Europe
Latin 

America
MENA

North 
America

Real-time public transportation app 53% 67% 95% 87% 100% 98%

Public electric vehicle charging infrastructure 11% 52% 92% 73% 80% 88%

Demand-based micro transit 47% 43% 84% 80% 80% 85%

Smart traffic signals 42% 59% 78% 47% 50% 75%

Mobility as a service (MaaS) apps 37% 41% 70% 40% 60% 83%

Smart parking apps 11% 39% 70% 27% 40% 83%

Digital transit payments/open-loop systems 42% 33% 57% 40% 70% 40%

Data and analytics for predictive maintenance 0% 4% 16% 0% 0% 10%



Cities get high returns on mobility and transportation tech investments
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The mobility and transportation technologies generating the greatest returns are real-
time public transportation apps, public EV charging stations, MaaS apps, and smart 
parking apps.  

On average, these investments have been in place for between two and three years. While 
analytics for predictive maintenance is showing the lowest returns, it has also been in 
operation for less that two years on average, not long enough to establish its full ROI.

Leaders are getting higher returns on their technology investments in mobility nearly 
across the board, except for demand-based micro-transit, where they are seeing slightly 
lower returns than average. For the most part, leaders have had their investments in place 
longer than average, particularly for real-time transportation apps, which were generally  
installed more than four years ago. 

Q38: In which of the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place? 

ThoughtLab

Technology Leader Average

Real-time public transportation app/information 7.94% 6.59%

Public electric vehicle charging infrastructure 6.71% 5.56%

Mobility as a service apps 5.94% 5.48%

Smart parking app 5.47% 5.32%

Digital transit payments/open-loop systems 5.42% 5.21%

Smart traffic signals/real-time traffic management 6.68% 5.14%

Demand-based micro transit 4.88% 5.13%

Data for predictive maintenance of transport infrastructure 3.64% 2.59%

Average ROI for technology investments for mobility and transport
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Real-time public transportation app/information

Demand-based micro transit

Smart traffic signals

Smart parking app

Digital transit payments/open-loop systems

Public electric vehicle charging

Mobility as a service (MaaS) apps

Data and analytics for predictive maintenance

Beginner Intermediate Leader All

Average time in place for mobility and transport tech investments (years)Greener mobility gains prominence 

Cities around the world foresee a range of new 
demands on municipal governments as urban 
economies and city life continue to evolve in the 
pandemic era. With green energy becoming more 
prominent, particularly in states like California, cities 
will move towards electric fleets, solar panels, and 
“one mile, one charge” systems, according to Aram 
Chaparyan, City Manager of Torrance, CA. 

Torrance’s own one mile, one charge project, 
designed to facilitate the expansion of electric vehicle 
infrastructure so that a driver is never more than one 
mile from a charging station, has been successful, 
with 94% of the city covered. 
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Bogota has learned that data is a powerful tool 
for pinpointing and addressing its most pressing 
transportation problems. 

With 7.8 million inhabitants and 1.2 million vehicles, the 
Bogota metropolitan area has suffered from heavy traffic, 
congestion, and related pollution since the 1990s. 
According to Grace Quintana, a city leader in digital 
transformation, Bogota alleviated its mobility problems 
by acquiring and utilizing real-time data, which it needed 
to create an efficient government plan.

The city created an open data model called GAQO, 
acronym for Governance, Administration, Quality, and 
Optimization of data. The tool was designed to facilitate 
use of data to solve any kind of problem, particularly in 
the public sector. For instance, officials also are 
implementing GAQO in the national health system. 

“GAQO created a roadmap detailing what our problems 
are and what kind of data can help respond to them. For 
instance, how many cars are in Bogota, where do 
accidents happen, at what time, even what color are the 
cars,” said Quintana.

Officials conducted a mobility study utilizing GAQO that 

revealed a key data point: 65% of car trips in Bogota 

involve only one or two passengers, a factor that 

increases traffic dramatically in a city where 60% of 

vehicles traveling on the road are private. 

Tapping IoT

To help with its data collection, Bogota turned to IoT. In 

2019, it partnered with an IoT company specializing in 

sensing solutions for smart cities to develop one of the 

most advanced mobility management solutions in the 

world. It integrates data from traffic lights, bus stops, 

traffic cameras, bicycle lanes, and other elements to 

provide a comprehensive understanding of urban 

mobility that enables real-time management. 

Equipped with this data, city leaders drew up a mobility 
plan that promoted goals such as reduced inequalities 
and climate action. The city’s resolutions included 
reducing the monetary burden of transportation for low-
income households and improving the “time of access” to 
public transportation.

In addition, Bogota’s public transport authority added 596 
electric buses to its fleet in the first week of 2021, 
bringing it to a total of 1,485 electric buses. That 
investment elevated Bogota to the city with the most 
electric buses in the world, outside of China. 

Knock-on benefits

The data culled through these efforts allowed Quintana to 
pursue a range of solutions to address congestion as well 
as to reduce greenhouse gas emissions, improve the city’s 
air quality, and minimize road accidents.

Most effective steps Bogota is taking to improve mobility
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Mobility technology: Where Bogota is making the largest 
investments 

Smart traffic signals/real-
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Mobility as a service 
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Case study: Bogota

Running transportation solutions on real-time data



Energy, water, and utilities
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“In a post-COVID world, the move 
towards cleaner energy sources and 
cleaner mobility is only going to 
mitigate future challenges as they 
relate to these types of pandemics.”

Chris Castro, Director of Sustainability 
and Resilience, Orlando

ThoughtLab



Energy, water, and other utilities prioritize digital solutions
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The pandemic changed energy and water usage patterns and the use of digital 
approaches. Dynamic electricity pricing backed by smart meters and tracking apps are 
just some of the digital solutions that helped cities and utilities to cope.

In general, smart city leaders are more advanced in adopting technologies for energy, 
water, and other utilities. Their top investments help to empower citizens to make 
better resource usage decisions. All leaders are investing in smart water meters, and 
nine out of 10 are using apps to track and manage energy usage.

One technology where cities are trailing badly is data analytics to help make better 
predictive maintenance decisions. Only 15% of cities use data to make such decisions 
about their water infrastructure and 8% use it for electricity infrastructure. 

Other technology-based steps that cities are taking to improve utilities include 
partnering with vendors to offer enhanced services like energy-saving smart 
thermostats or localized battery storage.

Q43: What are the most effective steps that your city is taking to improve energy, water, and other utilities? Q44: In which of the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place? 

% making large technology investments for utilities
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22%

41%

43%

65%

92%

92%

100%

95%

8%

15%

23%

42%

63%

67%

69%

78%

Predictive maintenance of electricity infrastructure

Predictive maintenance of water infrastructure

Microgrids/distributed generation

Real-time water network monitoring

Apps to track and manage water usage

Smart grids/smart meters

Smart water meters

Apps to track and manage energy usage

Leader All

% citing as most effective steps to improve utilities

Steps % citing

Partner with technology vendors to offer smart energy saving technologies 67%

Use dynamic electricity pricing 34%

Adopt gamified water use management 28%

Promote the use of smart/responsive appliances and HVAC systems 14%

Adopt gamified energy reduction platforms/programs 13%

Porto provides clean and efficient energy 

Porto, Portugal gives clean and affordable energy high priority. Over 70% of the 
city’s fleet is comprised of electric vehicles. For its public buildings and facilities, 
Porto uses only renewable energy, from solar, wind, or hydroelectric sources. It is 
also promoting clean energy in homes with incentives to install solar panels. The 
city also has a project to install solar panels on schools and other buildings, with 
batteries installed to capture some of the energy that can then be distributed 
and used at night. 

The city also is renovating some existing buildings and housing stock to make 
them more energy efficient. In the last year, it invested more than €100 million to 
retrofit buildings, resulting in a 40% decrease in energy consumption in these 
properties. 



Energy, water, and other utilities prioritize digital solutions
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Cities in Europe and MENA—followed closely by those in North 
America—are putting the most money into a wide range of smart 
technologies to manage energy and water usage and better maintain 
the underlying infrastructure.

Cities in MENA are investing more than others in smart meters for water 
and electricity, as well as smart grids, while Europe and North America 
are putting more into water usage tracking apps. Latin America, Asia, and 
particularly, Africa, are investing much less consistently, although Asian 
cities are putting more into predictive maintenance of electricity 
infrastructure than other regions. 

There is considerably disparity in utility-related investment between 
advanced and emerging market cities in most areas—particularly water 
usage apps and smart water meters. Emerging market cities are putting 
more into electricity usage tracking and smart grids and metering and are 
slightly ahead of cities in advanced markets in distributed generation. 

Q44: In which of the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place? 

ThoughtLab

Barcelona partners for sustainable energy

Barcelona, Spain has allocated €50 million for solar panel projects, 
working with private partners to install panels on the roofs of residential, 
industrial, and other buildings. The city will fund just 30% of the projects, 
with private companies investing the rest—highlighting its approach of 
working in partnership with the private sector as much as possible. The 
city hopes to generate revenue from these initiatives and achieve 
a sizable return on its investments, helping to heal its budget.

% making large technology investments for utilities, by region

Technology Africa Asia Europe
Latin 

America
MENA

North 
America

Apps to track and manage energy usage 63% 54% 95% 87% 90% 90%

Smart water meters 47% 57% 78% 60% 90% 85%

Smart grids/smart meters 32% 61% 73% 73% 90% 78%

Apps to track and manage water usage 37% 43% 81% 53% 70% 83%

Real-time water network monitoring 42% 41% 51% 33% 40% 38%

Microgrids/distributed generation 16% 24% 27% 27% 30% 20%

Predictive maintenance water infrastructure 5% 13% 27% 0% 20% 15%

Predictive maintenance electricity infrastructure 0% 13% 11% 0% 0% 10%

89%

85%

75%

81%

44%

23%

20%

11%

68%

56%

60%

47%

40%

24%

10%

6%

Apps to track and manage energy usage

Smart water meters

Smart grids/smart meters

Apps to track and manage water usage

Real-time water network monitoring

Microgrids/distributed generation

Predictive maintenance of water/wastewater infrastructure

Predictive maintenance of electricity infrastructure

Advanced Emerging

% making large technology investments for utilities, by market



Smart meters and apps bring the highest returns
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Cities worldwide are getting the highest returns from smart meters for water and electricity, 
as well as tracking apps for energy and water usage.

Leaders are getting somewhat higher returns than others, particularly for smart electricity 
grids and meters. They are least ahead in data and analytics for predictive maintenance of 
electricity infrastructure. This technology is also generating the lowest returns. 

Much of the difference in returns among technologies reflects the time in place for these 
investments, which averages between two and three years. Those in place the longest are 
generating the highest returns—and in most instances, leaders made their investments earlier.  

Q44: In which of the following technology solutions are you making large investments, what ROI are you seeing, and how long has the project been in place? 

ThoughtLab

Average ROI for technology investments for utilities 

Technology Leader Average

Smart water meters 6.72% 6.02%

Smart grids/smart meters 6.71% 5.88%

Apps to track and manage energy usage 6.00% 5.32%

Apps to track and manage water usage 5.63% 5.23%

Real-time water network monitoring 5.37% 4.67%

Microgrids/distributed generation 5.12% 4.51%

Predictive maintenance of water infrastructure 4.10% 3.65%

Predictive maintenance of electricity infrastructure 3.00% 2.65%
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Average time in place for utility tech investments (years)

Networking for energy management

The +Cityxchange project unites seven European cities—
Trondheim, Limerick, Alba lulia, Pisek, Sestao, Smolyan, 
and Voru—to create positive energy blocks—collections 
of buildings that actively manage their energy 
consumption and energy flow between them and the 
wider energy system in order to achieve a positive 
energy balance. The long-term goal for these cities is to 
achieve sustainable urban ecosystems that have zero 
emissions and to establish a 100% renewable energy 
region by 2050.

“When you create a network and you have part of the 
solution, people are quite eager to contribute,” said
Øyvind Tanum, Head of Smart City, Trondheim. “When 
we start a small network with a focus on data, we see 
where different cities have their strengths.”



Accelerate sustainability through 
city infrastructure digital twins
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Build a more sustainable city with trusted partners.

Bentley and Microsoft help cities throughout the globe accelerate their sustainability 
initiatives through the power of digital twins. This data-driven approach empowers 
municipalities with the necessary access to information that enables manual process 
automation and critical collaboration with stakeholders and citizens. With a city digital 
twin from Bentley and Microsoft, cities can make better, data-informed decisions.

“The pandemic has highlighted the need for a more sustainable 
approach to our infrastructure. A city digital twin helps cities achieve 
this by improving and optimizing urban development, infrastructure 
management, climate monitoring, energy transition, public safety and 
more. This digitally forward approach will be crucial in building a more 
sustainable and efficient future.”

Ton de Vries, Senior Director, Digital Cities, Bentley Systems

Rail Network Water Network

Cell TowerWind Turbine

Road Bridge Water Treatment 
Plant

Power Plant

Digital Factory

Substation

Get started towards a more sustainable future today with Bentley’s Digital Twin Blueprint. 

Learn More

https://www.microsoft.com/en-US/sustainability/partners/Bentley
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Appendix: 
Research background

ThoughtLab
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53%
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Emerging

23%

16%

40%
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7% Less than 600,000

600,000 to 1 million

1 million to 5 million

5 million to 10 million

Over 10 million

A survey of decision-makers in 167 cities of varying sizes across six regions
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We conducted the research for this study via personal phone interviews with city officials from 167 pre-screened cities in 82 countries. The cities are home to over 526 million 
residents, representing 6.8% of the world population. The 167 cities range in population from 80,000 to nearly 27 million. Thirty-nine percent of the cities have less than one million
inhabitants. The cities vary by level of economic development. Fifty-three percent are in emerging markets and 47% in developed countries.

North America  
40 Asia 

46

Europe 
37

MENA 
10

Latin America 
15

Africa 
19

Number of cities by region By population

By level of development
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Cities were classified by their progress in applying smart solutions
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We created a smart city maturity framework to assess which cities are ahead in using digital 
solutions and technologies to achieve their social, environmental, and economic goals. We 
classified cities based on their progress on harnessing technology and data across the urban 
domains, as well as their ability to foster citizen and stakeholder engagement. Twenty-nine 
percent of cities are classified as beginners, 49% as intermediates, and 22% as smart city leaders.

Beginner 29%

Starting to use technology and 
data to achieve goals

Intermediate 49%

Making progress on using 
technology and data 
across the urban domains

Leader 22%

Advanced in the use of
technology and data across the 
urban domains

Our smart city maturity framework 

We categorized each city into one of three stages of smart 
city maturity: beginners, intermediates, and leaders. We 
classified cities based on scores across the following criteria:

1. Level of digitization across the urban domains

2. Competence in using data and analytics

3. Progress on fostering citizen engagement

We applied an additional filter for leaders. To be classified as 
a leader, a city had to self-identify as either advanced or very 
advanced in its implementation of smart city initiatives.

Three stages of smart city progress

ThoughtLab



A leader in evidence-based research

ThoughtLab is an innovative thought leadership and economic research firm 

providing fresh ideas and evidence-based analysis to help business and 

government leaders cope with transformative change. We specialize in analyzing 

the impact of technological, economic, and demographic shifts on industries, 

cities, and companies.

For more information, please visit: thoughtlabgroup.com 
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