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Do smart cities realise their potential for lower carbon dioxide emissions? 

Cavada, Marianna; Hunt, Dexter, Rogers, Chris 

Abstract  

 

‘Smart cities’ embrace technologically based solutions as an enabler of efficient, affordable and 

more sustainable urban living in times of resource scarcity, persistent austerity and high-tech 

innovations. However, cities’ evermore complex systems are, albeit unwittingly, causing 

mismanagement, future uncertainty and lack of transparency to exacerbate their challenges. Climate 

change is likely to be the greatest of the contextual challenge scale and in terms of scale and 

diversity of impacts. This paper explores the role of smartness indicators, in which ‘green’ 

undoubtedly is a large innovation engine, yet not the only one. Similarly, the beneficial impacts of 

‘green’ technology solutions are yet to be fully understood or rigorously established. Cities that 

adopted smart roadmaps embedded lower carbon dioxide (CO2) emissions within the environmental 

sustainability agenda; however, the degree to which the two issues have been directly linked is 

unclear. Findings from this study suggest that lower carbon dioxide emission initiatives are 

embodied within the environmental sustainability initiatives agenda, yet are not clearly defined in 

the smart cities ideology. This paper proposes a balanced combination of human talent, ‘green’ 

innovation and technological innovation – the interdependent triptych philosophy for ‘smart city’ 

resilience that can be adapted and offer tailored solutions for cities, communities and individuals.  

1. Introduction  

Although ‘smart cities’ is a popular perception of contemporary cities, it is not yet a self-explanatory 

term (Caragliu et al., 2009). The phrase was first coined around the turn of the new millennium, a 

general interpretation of the meaning being the empowerment of urban centres to evolve 

expediently from what had gone before (Heap, 2012). In the current complex context this includes 

rapid urbanisation, constantly evolving and transformative technologies and a plethora of other 

related challenges. Therein ‘smart cities’ are hailed as a ‘system of systems’ approach fundamental 

to dealing with the unprecedented complexities of modern day urban living (Naphade et al., 2011), 

one of which is the growing influence of climate change. 

 It is suggested that cities lead the smart agenda by ‘redefining what it means to be a smarter city’ 

(IBM, 2012) where technology is used for systems optimisation and leadership to tackle climatic 

issues successfully (Hill et al., 2011). IBM supports the idea that this technology is the medium for 

enhancement of city operations and city life: in particular, efficient infrastructure (utility, sewerage, 

energy, security systems and health innovations) that will run operations more smoothly and 

improve sustainability. However, perhaps this understates what smartness is (or is not) because of 

the context and complexities of where ‘smartness’ is created, and where exactly it is constrained 

requires a little more investigation. For example, in the developed world many embrace ‘smart’ 

technological opportunities from within cities, and argue that they act as a connection platform 

between citizens, geographical context and ‘things’, allowing for people to be seamlessly 

‘connected’ using data, information and technology in real time (Doherty, 2013). However, this 

inherent widening of the horizon of citizens’ own options (intimately connected to those of other 

citizens) might then be the forbearer of a society in which innovative city interventions are 

developed and implemented (Harrison et al., 2010) without considering the consequences. In some 

respects perhaps the smart cities agenda inadvertently moves (or has moved) towards a simulated 

city context in which deployment of ‘netizens’ (or cybercitizens) exists, and according to Gabrys 



(2014) could provide a fiscal process that is worth trillions of dollars. Moreover, might the action of 

merely concentrating on the technology alone ultimately prove harmful to the necessary ideology 

that a truly smart city requires (Murgante and Burroso, 2013)?  

However, as sceptics suggest, misconceptions of ‘technology’ and ‘controlled behaviours’ should be 

the positive perspective of a smart city ideal, leading to an array of economic risks that would 

undermine the smart agenda (Greenfield, 2013). In general, it is assumed that advanced technology 

is the main driving commodity, the likely biggest facilitator in which engagement is required in the 

wider conceptual system of sustainable urbanities. 

Undoubtedly, innovations within technology and efficiency sectors will implement city 

advancements, although these require careful consideration as what appears to be smart in one city 

may or may not be smart in another – ‘smartness’ is context dependent. This requires those involved 

in the smart agenda to work alongside all stakeholders (Lombardi et al., 2011a) to develop a city’s 

smart vision, taking into consideration contextual and geographical differences – what is sustainable 

is determined locally: local conditions set local priorities (Lombardi et al., 2011b). The smart ideal, as 

an enabler towards sustainable city living, is a ‘holistic frame’ based on three principles: ‘to reduce 

their ecological footprints and resource needs, to deepen connections to landscape and place and to 

enhance livability and quality of life while expanding economic opportunities’ (Beatly and Newman, 

2013). Complex city systems and human interventions are the ones risking climate change, whereas 

understanding issues connected with cities and complexities can help measure and decrease the 

impacts of carbon dioxide (CO2) emissions and climate change (NAS, 2010). In this respect, individual 

choices would either reflect a response to city challenges, such as carbon dioxide reduction, or be 

stringently set within the context of a lens that considers most deeply their views. Within an 

energetic economic context, this might provide a foundation for enjoyable, sustainable and optimal 

smart city living (Duckenfield, 2013) and as a primary solution to problems of rapid development 

seen ever more frequently within many cities (Nam and Pardo, 2011).  

While it might be suggested that technology leads to optimisation in cities there may also be 

disbenefits, the long-term impact of which is yet unknown. In addition, the inextricable links 

between liveability and fiscal prospects, with innovation as the main urban element (e.g. ‘eco-

districts’, ‘local gardens’ and technological projects such as the ‘centre for neighbourhood 

technology district downtown’ and others) cannot be ignored (Eugenios et al., 2014).  

Therefore, evaluating the carbon dioxide significance of smartness is undoubtedly going to be 

problematic, not least when engineers have yet to evaluate fully the complexities of the smart 

agenda itself. In other words, what is the real meaning of the term ‘smart city’ when we take into 

consideration, as with sustainability, local priorities and local conditions (Cavada et al., 2014)? 

Without such a definition and associated indicators, there would undoubtedly be confusion and 

much difficulty when trying not only to quantify, but also to compare readily, what constitutes city 

smartness in different areas worldwide – carbon dioxide reduction being a small element within this 

overarching philosophy. 

 With this in mind one of the associated challenges appears to be a lack of official smartness 

indicators at international or national levels, and where they do exist ‘low carbon dioxide’ appears to 

be somewhat lost within the smart cities agenda. This may be because existing rankings that reveal 

the smartest cities (and highlight related initiatives) have been generated by single institutions and 

publications, meaning compatibility is subjective at the very least while it is also evident that a smart 

city is more than achieving carbon dioxide reduction alone. In addressing this problem more clearly 



this paper identifies a range of sources that provide smart city rankings to elucidate where ‘smart’ 

fits in and how this relates to an agenda of ‘low carbon dioxide’.  

2. Methodology  

Through a stepwise methodology this research examines the initiatives related to the smart cities 

agenda. A database in Microsoft Access is created, to describe the complexity of smartness. It 

documents the individual cities that have been announced smart in addition to the initiatives that 

these cities adopted and awards they won. In the dataset, the relationship between ‘city and 

initiatives’ is explored to give information on the city with the most initiatives, number of smart 

cities awards and awards themes. Due to the plethora of initiatives, we are able to see the figures of 

initiatives per city, initiatives themes and initiatives categories. The authors then examine the 

ranking in initiatives categories and identify the role of the carbon dioxide emissions as part of the 

initiatives. To identify carbon dioxide emissions on individual smart cities, we test the smart 

initiatives as case studies and record how they differentiate. The following are the stepped 

objectives of this paper  

■ Step 1: to create a smart city database that can be interrogated (Section 3.1) 

■ Step 2a: to identify trends in published material on city rankings (Section 3.2)  

■ Step 2b: to establish key themes used within city rankings (Section 3.3)  

■ Step 2c: to identify leaders in city rankings (Section 3.4)  

■ Step 3a: to establish smart categories, subcategories and initiatives (Section 3.5)  

■ Step 3b: to investigate smart city status in two case studies (Section 3.6). 

 

3. Results  

3.1 Step 1: city ranking awards trend  

The dataset is created from smart city publications, having the city as the focus of the dataset, which 

becomes the connection between the city information (scale, location and information source) and 

initiatives. This allowed for datasets to be interrogated according to areas within this research 

according to each key step and the initiatives that smart cities have taken to become smart to be 

determined. In addition, the awards that smart cities were awarded can indicate some of the steps 

that these cities took to become smart. Both initiatives and awards are supported by their sources, 

whereas the initiatives are categorised according to initiative themes (Figure 1).  

3.2 Step 2a: smart city awards (and related ranking) publication trends 

 By looking at published materials on smart city awards (and related ranking) over the period 2004–

2014 (Figure 2), it can be seen that there is growing interest for those reporting on and comparing 

the performance of cities in terms of smartness and related themes (see Section 3.3). 

 



 

Figure 1: Interrogation of the dataset in Microsoft Access 

City awards were the first to introduce awards for intelligence as a shift towards digitalisation, 

followed by the EU Civitas awards and Eurocities awards during the first decade of the new 

millennium. Soon after 2010 the awards for EU biodiversity capital and EU green capital were 

introduced, along with the first smart cities awards; however, probably for economic reasons, these 

stopped. It is evident that city awards started as intelligence awards; there was a shift early in the 

current decade towards climate response, green and Civitas awards (city, vitality, sustainability). 

However, the rapid growth of the awards from 2013 indicates a resurgence of international interest.  

3.3 Step 2b: smart city ranking themes  

When comparing these published materials on city rankings it is possible to characterise them 

according to five overarching themes, as shown in Table 1. Most of the sources belong to a smart 

theme, although these are complemented by other key city themes – sustainability and climate, 

innovation and liveability. Interestingly, when considering the themes being used to judge the 

awards to cities it can be seen that many focus on climatic responses, intelligent communities, 

design, mobility, technical innovation, public participation and smartness – see, for example, the 

Civitas Initiative (2004–2014) co-financed by the EU, Intelligent Community (ICF, 2002–2015), the EU 

Climate Leadership Awards (C40, 2013–2014), World Design Capital (ICSID, 2008–2014), green EU 

Capital of Biodiversity (Fundacion Biodiversidad, 2011) and Smart City Expo (2012), between 2002 

and 2015. Therefore, the majority of the awards are given primarily on green (including climate 

change mitigation) and innovation criteria, whereas mobility, resilience and economy have less 

prominence (Figure 3). 



 

Figure 2. Number of awards on city rankings in period 2004 to 2014 

Table 1: City ranking themes and sources 

 

3.4 Step 2c: cities leading smart city rankings  

When considering all of these key ranking systems, which in total consider 282 cities from 52 

countries in five continents, it appears that the EU has the biggest concentration of so-called ‘smart 

cities’ (Figure 4(a)). The USA is considered the smartest country, followed by The Netherlands (Figure 

4(b)), and New York is considered the smartest city, followed by Amsterdam (Figure 4(c)). 

Interestingly, Stockholm, Ghent and Nantes have at least three awards each for sustainability (Figure 

5), but it is of interest to note that they do not feature in the smartest top 12 city leaders according 

to the authors’ research of existing smart city rankings, although Toronto and Seoul do. Interestingly, 

cities internationally provide a wider smart roadmap, which includes technological innovations as 

well as smart interventions apart from just sustainable solutions.  

3.5 Step 3a: categories, subcategories and initiatives 



 In order to describe, rank, then make an award for smart city performance accurately, the primary 

step has to be to identify the generic key criteria (or subcriteria) and initiatives (considered here to 

be an action taken to improve a city’s smartness associated with an indicator that can be used to 

measure the efficacy of this action) that are being adopted. For example, in Scotland a smart 

initiative was considered to be the introduction of ‘open data’ (OpenDataScotland.org, 2013) to 

achieve smarter, more transparent and efficient data use. When considering all the smart city 

approaches in parallel, this research has identified that six broad categories exist, consisting of 798 

initiatives (Table 2).  

According to Table 2 it can be seen that environmental sustainability is the dominant category with a 

total of 179 indicators and actions in cities. Climate change is very much considered within this 

section, with 64 indicators and actions associated with it (Figure 6). What is surprising, and what is 

most striking from Table 2, is that ‘smart city programme’ features within the ‘civic’ sections, and 

therefore the link between carbon dioxide reduction and smartness is being lost even though the 

link is readily apparent. On the whole, cities are responding to the carbon dioxide reduction 

challenge (Figure 6), but it is not necessarily being driven by (or even linked sufficiently to) the smart 

cities agenda. The question is whether it could be or should be in order that opportunities are not 

lost.  

The interesting point here is that systems not derived for measuring smartness per se have 

categories (akin to drivers of change) and indicators not dissimilar to smart city categories. For 

example a ‘sustainability rankings’ system from Corporate Knights (2013) uses a combination of 

three themes (ecology–economic–culture) that encompass 27 indicators and actions (focused on 

sustainability and material flow analysis) applied to 20 cities (within the USA and Canada). While this 

research presented some contextual differences in terms of economic, climatic and census data, it 

can be seen that five categories emerge, which in combination create a sustainability index providing 

a narrative of ‘environmental quality, economic security, governance and empowerment, 

infrastructure and energy and social wellbeing’. This might be considered a complete view of the 

sustainable city (Corporate Knights, 2013), but is not derived exclusively to measure smartness. 

 On the other hand the ‘smart cities wheel’ (Cohen, 2012) ranking approach applied to 12 cities 

provides a simple methodology of ‘actions and indicators’ specific for smart cities and is equally 

divided into very similar (albeit broad) themes 

■ environment 

■ economy  

■ society (people and living)  

■ mobility  

■ government.  

In this system a collection of 400 indicators are equally distributed between: smart environment, 

which contains urban planning; resource management; and smart buildings, which includes carbon 

footprinting and energy consumption indicators (Cohen, 2014). While there is no unique category 

for smart technology within this methodology, it does feature as an indicator in the government, 

mobility, society and economy dimensions. Smart living corresponds to the quality of life dimension 

and refers to culture and happiness, safety and wellbeing in terms of living conditions. In other 

words, it appears that existing sustainability indicator systems are being applied (or reinterpreted) 

according to a smart cities agenda. In a way this almost mirrors how environmental indicators were 



reinterpreted in the late 1990s to fit the sustainability agenda. There is nothing wrong with this 

approach – it merely shows how robust some indicator sets are and how flexibly they can be 

applied. 

 

 

Figure 3. Smart city awards (2009–2014) showing number of awards per theme 

 

Figure 4. Smart city leaders in terms of initiatives being undertaken by: (a) continents; (b) country; 

(c) city 

 



 

Figure 5: City awards (axis refer to number of awards) 

3.6 Step 3b: applying smart categories to case studies:  

Copenhagen versus Singapore In this step the criteria highlighted in step 3a are applied to two case 

studies: Copenhagen and Singapore. Both have been awarded exemplar status in terms of 

‘smartness’, although by different institutions. Firstly, in 2014 Copenhagen became the first three-

time winner of the most liveable city in the world award according to the ‘Quality of Life Survey 

2014’ carried out by the international magazine Monocle (2014). This was based on considering the 

‘human dimension’ in urban planning, taking into consideration liveability, which includes regional 

and cultural differences and integration across all five driving forces (i.e. social coherence, economic 

growth, environmental sustainability, infrastructure and energy, and good governance). While smart 

was not at the core of this ‘liveability’ award, its contribution to the smart agenda cannot be 

ignored. For example, in the same year Copenhagen was awarded the European Green Capital 

Award (EC, 2015a). ‘Green initiatives’ have proved to be a fiscal element of why Copenhagen has 

become a smart city – the creation of a green economy has not only added value to the 

development of companies themselves, but also added value in terms of lower carbon dioxide 

emission gains (Abild, 2011). In 2012 it was ranked as the number one smart city in Europe, once 

again due to a focus on its citizens and green initiatives, contributing towards a shared aim of 

becoming carbon dioxide neutral by 2025 (Cohen, 2012). Copenhagen is now considered a thriving 

city populated with cyclists and pedestrians who are proud of its inherent green qualities. As one of 

the ‘most impressive smartest cities of the world’, these qualities extend from its green corporations 

to everyday green living and the long-term planning processes, which for Copenhagen started back 

in 1925 during an initial ‘urban planning commission’ (Delgado, 2012). Even now this ethos remains 

and forms a cornerstone for why Copenhagen is so highly rated among its city peers. For example, 

the 2011 City Council plan outlined for 2025 shows the growth plans of the city and focuses on 

climatic challenges and low carbon dioxide emissions. The key to its success is within the citizen– 

business–governance collaboration (Mortensen, 2012). The main aim of the green vision embedded 

therein was carbon dioxide neutrality, although what is interesting is the fact that this has led to 

improvements in employment and development, and a shared vision that builds on existing 

knowledge, rather than reliance on new developments in ‘smart’ technology and research 

(Mortensen, 2012). Copenhagen’s cleantech companies’ community and fiscal development appears 

to be key to a system that values employment growth and overall desire to become smarter therein 

(Lubanski, 2012). The fact that Copenhagen has been named a smart city is due not only to the 



clarity of its shared green vision, but to the way that the vision has worked as a catalyst for its city 

life, improved mobility, creation of a green economy and enhancement of research knowledge. In 

Figure 7(a), created according to the categories outlined previously in Table 2, it can be seen that the 

main focus that makes Copenhagen smart is its drive for sustainability (42%) followed by technology 

(31%) and mobility (19%). In comparison, Singapore (Figure 7b), which was named number one 

smart city by Forbes magazine (Laneri, 2009), the Institute of Mechanical Engineers (IME, 2014) and 

BBC news (Wakefield, 2013), has focused more on technological innovation (38%) and human talent 

(29%). This shows that, overall, a very different perspective was taken in each, contributing towards 

their smartness accreditation in very different ways. Most strikingly, technology is prominent, but is 

not the only contributor as some may imagine. 

Table 2. Smart city categories, subcategories, and initiatives 

 

 

Figure 6. Smartness categories, showing initiatives for environmental sustainability, themes taken by 

Sustainable Project Appraisal Routine (SPeAR) (Arup, 2000) 

 

If context is considered as smartness empowerment within cities, as suggested in the introduction, 

then most likely Singapore has succeeded as an international trade centre, and has enabled active 

business due to the short span of the nation’s history and geographical location that suggested 

Singapore be a trading hub between other nations (Mahizhnan, 1999). Unlike other cities, Singapore 



was more able to ‘exploit the differential in information between people and between places’, and 

after 150 years had the chance to become independent to upgrade its information technology 

services and telecommunications – not due to its gradual industrialisation, but by rapidly educating 

its citizens and getting the know-how of the new technologies. According to the national information 

technology plan in 1986, the focus of the city smartness therein was not on the economic paradigm, 

but more on the smartness of its people (Mahizhnan, 1999). Singapore’s vision now, as described in 

iN2015 (2006) is very much about finding ways to use technology information (‘infocomm’) to 

improve commercial sectors and citizen’s lives, and is much less associated with carbon dioxide. 

However, advancements therein (e.g. energy efficient appliances/vehicles, wireless communications, 

smart metering, longer battery life) are all part of the solution by doing more with less, thus allowing 

citizens to be connected while reducing the need to move or providing a means by which it can be 

done more efficiently and cleanly. The smart vision fundamentals are, however, much broader in 

Singapore; they empower innovation, integration and internationalisation by focusing on people, 

infrastructure and the global economy. Since this 10-year vision started, Singapore has advanced its 

digitalisation capabilities in governance, health, tourism and connectivity, and set itself up as not 

only a highly regarded international competitor (iN2015, 2006) but also a ‘smart’ city – yet in a very 

different guise to Copenhagen.  

The examples of Copenhagen and Singapore are undoubtedly unique in their own right. Through 

ingenuity, knowledge of green technologies and a smart way of engaging people, companies and 

government, an international ‘unique’ smart city case has been created in Copenhagen. Similarly, 

Singapore’s smart development sprang from its own short legacy of strategic business into the 

world’s leader of information technology by structuring requirements around its users and by 

creating new skills and confidence. The ethos of translating ‘Copenhagenisation’ or ‘Singaporisation’ 

to other cities, while promoted by some and revered by others, simply cannot happen, because of 

the circumstantial complexity or context within each and every city. What pertains to smartness 

therein is unique to that place.  

3. Conclusions  

Smart cities’ popularity has grown exponentially in the last decade. In order to understand whether 

smart cities are maximising their potential to reduce carbon dioxide emissions, a plethora of smart 

initiatives, rankings and awards have been considered in order to reflect on the complexity of views 

into what smartness is or what it could or should be. 

 



 

Figure 7. Smart categories considered: (a) Copenhagen, (b) Singapore 

According to this research a ‘smart city’ appears to include a vision that considers five key 

categories, in which 72% of the initiatives occur in environment sustainability, digital technology and 

civic initiatives in the majority of cases. While there is less dominance of business, mobility, 

resilience, quality of life and liveability (28%), their integral contribution cannot be ignored. 

Environmental sustainability is currently the major influencing sector (28%) for smart city rankings, 

and the area of opportunity for where low carbon dioxide initiatives exist, yet they are not 

sufficiently exploited within the smart vision. Unfortunately, the smart agenda appears to be more 

widely apparent within the civic category. This shows that threads of smartness undoubtedly form 

threads within all categories, although these must be teased out so that opportunities are not lost 

with respect to carbon dioxide reduction.  

Through smart city case studies of Copenhagen and Singapore, it can be concluded that a smart city 

vision reflects its own smart solutions according to contextual variables. Copenhagen has adopted a 

roadmap to become smart; however, the unclear philosophy of smart cities should not lead to the 

Copenhagenisation of cities. Therefore, to superimpose a smart city vision or practice onto another 

context is not simply smart, as the system that has been developed due to that particular urbanity 

worked in accordance with its own specific context. However, we can learn from these global 

examples and understand how they became smart, and importantly realise the complexity of the 

vision that reflects the existing complexity of the place. The variables that each city adopts could 

belong to a proposed ‘environmental sustainability–digital technology–civic– mobility–business–

resilience’ combination; or to put it more simply a hypothesis of the triptych ‘talent–green–

technology’. Smartness is a complex concept and should be ever changing in order to reflect current 

and future conditions, and therefore we need to be sure that smart low carbon dioxide initiatives 

being proposed now are resilient and enhance liveability both now and in the future. This research 

further proposes that the understanding of city data could enhance the methodology used herein in 

order to give a more rigorous description of a city’s smart complexity.  
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