
Cities are the beating heart of society. Over the years, 
they have developed into complex systems, which is 
why improving their sustainability is a challenging task. 
The use of Digital Twins can help and promote quality 
of life and sustainability in urban areas. Fraunhofer IESE 
has the necessary expertise to support cities on their 
way to becoming Smart Cities.

The concept of the Smart City 

Cities should not just be seen as a collection of physical units. 

can respond to the needs of their inhabitants and the dyna-
mics of their environment and communicate with each other. 
With advances in information technology and digitalization, the 
concept of the Smart City has been introduced to cleverly con-
nect these units and create added value. Smart Cities use digital 
technologies, communication technologies and data analytics 

-
ment that improves urban quality of life and promotes sustaina-
bility. These technologies can be used in various areas such as 
healthcare, mobility, education and administration.

The heart of the Smart City

An urban Digital Twin is a digital model of a planned or actual 
physical product, system or process. This model uses live data 
from sensors distributed throughout the city to visualize and 
simulate the behavior of various components of the city. For 

certain times of the day. Urban Digital Twins have a remarkable 
impact on improving the sustainability of cities. With the help of 
the data they collect and the analyses they perform, it is possib-
le to gain a deep understanding of the conditions on the ground 
and recognize how the various entities interact with each other 
and with the environment currently and in different scenarios. 

All of this helps to maintain the three pillars of sustainability – 
social, environmental and economic sustainability – and promo-
te lasting urban development.

The three pillars of sustainability 

1. Social sustainability
Social sustainability revolves around the preservation and 
development of social capital. The use of Digital Twins in digi-
tal city administration applications can facilitate citizen partici-
pation and support a collaborative decision-making process. A 
good example of this is a Digital Twin for urban planning, which 
is used to plan facilities such as clinics, markets and cafés. If 
the city planner can merge the requests and wishes of citizens 
directly with the knowledge of the condition and requirements 

location that meets the needs of the population.

2. Environmental sustainability
Protecting the environment and preserving the ecosystem are 
the main objectives of environmental sustainability. Digital Twins 
can help mitigate the effects of some climate change-related 

-
ment. For example, by placing sensors in the soil of green spaces, 
it is possible to continuously measure vital indicators such as soil 
moisture, air quality and temperature. These indicators play an 
important role in the preservation of the vegetation ecosystem, 
in which planning for the future is based on the measurement 
data collected and the scenarios developed from it.

3. Economic sustainability
Continuous monitoring of energy consumption data and infor-
mation on people's needs and the state of the environment lead 

-
tion can be minimized and economic and cost-effective units 
can be created in the city. This also has an impact on the attrac-
tiveness of the city as a place to live and do business.
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consumption is the control of street lighting – depending on 

on sunny days or even at night when the streets are empty and 

calculate the desired lighting level via a central management 
system and then control the street lighting accordingly. In the 
village of Urdorf in Switzerland, for example, energy consump-
tion has been reduced by 70 %.

Turning sustainable cities into reality

The transformation to Smart Cities through the use of urban 
Digital Twins promises a lasting and livable future for urban 
areas: By taking social, ecological, and economic aspects into 

that preserves resources. The Smart City experts at Fraunhofer 
IESE provide support in this regard by opening up a seamless 
transition between the analog and digital world and turning 
sustainable urban development into reality.

 Reading tip  

Study: Digital Twins – potential in  

urban development

An urban Digital Twin is a digital model of a city 
or district. For example, municipalities can use it to 

-
fall and create other scenarios for urban develop-
ment. A publication issued by the Federal Institute 

-

– Potentials in urban development" shows how 
Digital Twins can be set up successfully.

The publication is the result of the accompanying 

Smart Cities 
Experimental Software Engineering IESE and the 
Fraunhofer Institute for Industrial Engineering IAO 
jointly developed the study.

Note: 
publication online or order a printed copy free of 
charge by email at: publikationen.bbsr@bbr.bund.
de
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