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Abstract. This paper is a theoretical study of governing solar urban districts using the smart city system. It
first presents the major theme of the sustainable urban future, points out the position of the solar energy in
urban sustainable development. Then it presents the opportunities and challenges of the solar energy system,
states that the innovation of technology from both the soft side and the hard side are the key points for
governing the solar urban districts. The paper also shows the relationship between innovation, economies,
and social sustainable development. Finally, the paper presents the smart city system as an innovative
system. It needs to govern the solar urban district from all aspects (including but not limited to public
services, city administration, and management, economy, pro-business environment, built environment and
city infrastructure, natural environment and ecological sustainability). The lifecycle thinking and the GUUD
model can be used to analyse and monitor the system. However, managing those fragment elements is not
that simple. One of the challenges of integrating a smart city system is to build a connection between
fragmental elements and make individual islands communicate with each other in order to achieve common
goals.

1 Introduction
The solar energy system as one of the fast-growing clean
energy systems, its development has significate meaning
to climate change. However, building a sustainable solar
urban
district
requires
consideration
from
multidimensional aspects from the different levels. It is
important to understand the position of the solar urban
district in the large context of sustainable development,
try to develop an innovative, smart and integrated
solution (a framework) that governs the solar urban
district from all aspects.

2 The major theme of sustainable urban
future
In the second half of 20th century, an urban sprawl
phenomenon with all the negative effects, such as
increasing car-dependency for mobility, spending time
daily on trips home-work, reduction of agriculture areas,
the degradation of the landscape, reduction of air quality
and higher energy consumption was led by urban
development [1].
Nowadays, the urban population seems to be a focus
of urban development since more than half of the
population is living in the city. It is expected that by the
year 2050, 70 % of the world population will live in
urban areas due to the urbanization [2]. However, in
Europe, things become different. Amado & Poggi states
that the urban areas expanded rapidly while the
*

population grows slowly. The ratio of population growth
is still decreasing. It states that “such urban growth and
effective expansion of cities has no support on a
coherent urban model that has the capacity to prudently
predicting the impacts of urbanization” [1].
These rapid and variable changes of urban
development encourage cities all over the world to
seeking new solutions to both old and new problems [2].
Sustainable development of the urban future is always a
hot topic. It is becoming an important focus globally [3].
Nowadays, there are different models appeared to
support multidisciplinary, multidimensional principles
and requirements of urban sustainable development [1].
When talking about sustainable development, in 1987,
Brundtland Report gave a commonly accepted definition
of sustainable development, stating that sustainable
development is a development that meets the needs of
the present without compromising the ability of future
generations to meet their own needs [4]. According to the
2030 Agenda for sustainable development, "sustainable
cities and communities" is one of the seventeen goals [3].
Han et al. presented three major themes of the
sustainable urban future in the context of highly
industrialized regions: a low carbon society, cities in the
context of an aging population and revitalization of the
urban-rural fringe. In order to achieve a low carbon
society, new technologies and systems need to be
applied in the city. In order to adapt to an aging society,
a compact city is seen as a solution. In order to enhance
the urban-rural fringe, an eco-industries system is
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improving the energy efficiency of the cities [5]. There is
a need of innovated supportive system regarding not
only technology itself but also a framework to govern
the technology.

proposed. This study focuses on to build a low carbon
society. According to the Fig. 1, the solar power as a
renewable energy is a solution for low carbon society
and urban-rural fringe [4].
Compact city
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Innovation plays an important role in sustainable
development. It is mentioned before that the complex
dynamics quality of the urban sustainable development
requires new and innovative solutions [2]. It is important
for nations to focus on innovation. The smart city system
seems to be an innovative solution to govern the urban
districts. However, its wide-range and complex
dimensions are not easy to analyse. Finding a practical
way to integrate the smart city system is crucial.
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4.1 Economic development driven by innovation
drives social sustainable development

Fig. 1. Three major focuses among multiple themes concerning
a sustainable urban future. A dapted from Han et al., 2012 [4]

The traditional and commonly accepted model that is
governing sustainable development is the “three pillar
model”. In this model, social, ecological and economic
are the three pillars to support sustainable development.
This model is widely adopted at the legislative level.
However, according to Rockström, the “three-pillar
model” cannot meet the challenges of the Anthropocene
since the framework separated social, ecological, and
economic goals and led to a fragmented approach. It
failed to recognize that the three elements are actually
interacting with each other. Thus, a new concept has
been brought up (Fig. 2). In this concept, the economy is
seen as a means to achieving social goals and generating
prosperity within the limits of the Earth. In order to
establish a sustainable economic growth, it requires the
collective effort of nations, businesses, citizens, and
institutions [8].

3 The solar power, opportunities, and
challenges
The phenomenon of the globalization is leading to an
unsustainable path. Greenhouse-gas emission that is
related to climate change is one of the most significant
development issues of the future of human activities,
ecosystems, and economies [5].
The solar power as one of the clean energy for
reducing future greenhouse gas emissions is fastergrowing. There is a rapid growth with a 35% increase in
solar power generation in 2015. However, the share of
total global power is 1.7% which is still low. One thing
that is worth to mention is that the share has doubled in
the past three years. It is contributing nearly 20% of the
growth of global power in 2017. The largest increments
in 2017 were recorded in China. Together with the US,
these two countries occupied two-thirds of the growth in
global solar capacity. Japan is the third and Germany is
now in fourth for the growth of global solar capacity [6].
Even though the future of solar power seems to be
bright and positive, there are still challenges in the way
of promoting commercial solar power. Take Sweden as
an example. Even though with a subsidy of 35% of the
investment costs, discounted in 25 years, solar panels for
electricity are still not profitable in Sweden for houses.
In theory, the price of electricity needs to rise 30 % to
make the systems profitable with a kept subsidy of 35 %.
Without the subsidy, the rise will be 95% [7].
It is clear that the solar energy system is facing
challenges on both the soft side (such as economic and
social challenges) and the hard side (such as technical
challenges). Since the technology cannot stand long, it
needs to be understood in the context of social,
environmental, economic, and cultural progress in cities
[2]
. The implementation and management of solar power
through urban planning can play a strategic role in
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arrangements, governance and collaboration, human
capital and creativity, knowledge economy and probusiness environment, built environment and city
infrastructure, natural environment and ecological
sustainability, ICT and other technologies, and data and
information [2]. In another word, a comprehensive
innovation policy should guide a city to become smart.
Technology should be analysed under the context of a
city, organizational, and policy. Furthermore, there is
also a process perspective that is at a more operation
level can be used to help to analyse the smartness of the
city.
The lifecycle thinking gives a more practical and
systematic way to analyse the multidimensional
components. It is originally a scientific approach of the
Sustainable Consumption Production based on large
numbers of environmental policies and business decision
[12]
. However, the idea of lifecycle thinking is adapted in
many places. For example, the Handbook for product
social impact assessment provided a set of guidelines to
measure the social impact of the production of a product
[13]
.
A workflow perspective that is similar to the LCA
thinking is used in the GUUD model to managing the
integration of solar energy. It is a Geographical Urban
Units Delimitation model that turns the city into different
cellular units with different solar power stations that
behaviour like atoms. It divides the city based on four
delimitation criteria: construction timeline, population
density, urban morphologies, and land-use patterns. The
data and inputs of the model are collected based on the
workflow that combines GIS with parametric modelling
and solar dynamic analysis [5].
The process perspective gives a chance for easy
grouping and easy measuring of the fragmental elements
of the smart city. However, managing those fragmental
elements is not that simple.

Earth’s life
support system
Economies

Human societies

Sustainability
Fig. 2. Sustainable development paradigm for the
Anthropocene, Rockström, 2015 [8]

In order to drive economic growth, in 2013, EU
published National/ regional innovation strategies for
smart specialization to implement the “Cohesion Policy”
and Europe 2020” agenda [9]. It is to govern the EU to
“become a mart, sustainable and inclusive economy”. It
focuses on economic development and covers five
important things:
-Focus on knowledge-based development, provided
policy support.
-Build on each country’s strengths to ignite the
excellence.
-Support practice-based new technology.
-Stakeholders’ involvement to encourage innovation.
-Evidence-based monitory and evaluation system [9].
There are other principles that are added to the smart
specialization. Firstly, economic development is driven
by knowledge and innovation. However, the economic
regeneration, in the long run, is hard to plan. Secondly, it
enchases the different quality of different EU regions, it
is vital to analysis each region. Thirdly, the bottom-up
approach is embraced by the perspective of economic
growth. Fourthly, the policy is demand-oriented and is
driven by local need [10].

Policy

4.2 An innovative solution of governing the
urban district: the smart city

Planning and design of the
sustainable smart city

When talking about the smart city, the use of information
and communication technologies (ICTs) is always the
key topic [2]. The ICT application is considered to be an
innovative and integrated holistic approach to manage
complex issues that are related to a low-carbon smart
urban city. It can be used in areas such as transport, landuse planning, energy, water, and waste management [11].
However, there is an increase of scholars and
practitioners argue that smart cities are more than the use
and development of ICTs in local government. GilGarcia et al. argue that the smartness is a public sector
innovation in an urban context. When it comes to the
analysis of cities, multidimensional concepts and
components need to be considered. Those components
include public services, city administration and
management,
policies
and
other
institutional

Operation and monitoring
Component A Component B

Component C

Component D

Fig. 3. The operational islands of the management of the smart
city. Adapted from Kerzner, 2010 [14]

If we see an urban district as a functional system, it
has similarities with an organization or a company. The
operational islands model can be used to present the
challenges that are faced by the managing of the
fragmental elements of the smart city (Fig.3). The model
is adapted from Kerzner’s the operational islands model.
It has different levels of hierarchy and different
departments. Because of differences in the function and
specialization, there are always functional gaps of
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5 Analysis and conclusions

different departments. Those factors lead to operational
islands that individuals in their own island refuse to
communicate with each other [14]. Under this point, one
of the challenges of archiving a smart city is to build a
connection between gaps and make individual islands
communicate with each other in order to achieve
common goals.

To conclude the theory study, in order to create a
sustainable urban future, solar power as a clean energy
resource can be a solution to lower the environmental
impact and create a low carbon city. However, solar

Sustainable urban future
Solution

Support

Support

Sustainable solar urban districts

Climate change

Social sustainable development

Support

Drive

Innovation of technology (policy)

Economies
Drive

Gap

Support
Innovated management system:
The smart city
(Planning and design)

Gap

Complement
Operational level: LCA thinking,
GUUD models
(Operation and monitoring)
Fig. 4. The full structure of the theoretical study

power urban districts are facing challenges from both
technology and social-economic side. In order to ignite
the innovation of technology, innovation policy and
management tools should be formed as a base to support
innovation. Economic growth is driven by the innovation
of technology; it also supports social sustainability.
Economic and social development formed a foundation
for a low carbon solar power city. In order to manage the
multi-dimensional elements of the solar urban district, a
smart city system as one innovative management system
can be used. To manage the system from practical
aspects, LCA thinking and GUUD models can be used.
However, the fragmental elements are hard to manage.
It is important to build a connection between functional
departments (Fig.4).
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