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Abstract - This article discusses critical integrative and symbiotic aspects of local circular economy policy. We start by a 

brief introduction to primary ontological layer of urban circularity known as urban metabolism, proceed to its connection 

with economic sectors, and as a final step address urban circularity as a local policy making issue. Our aim is to provide 

conceptual and theoretical views of the idea of circular city. Our discussion reveals that understanding the local level CE 

policy agenda and its challenges requires multi-level and multi- sectoral view of circular city. We argue that the idea of an 

industry-retail-urban symbiosis contains significant heuristic value in the making of a circular city, as it provides conceptual 

framework for understanding the multi- sector and multilayered nature of urban circularity. 
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I. INTRODUCTION 

 

Ecological concerns have increased tremendously 

within the last three decades due to climate change 

and a host of other issues, such as ozone layer 

depletion, air pollution, overpopulation, marine 

plastic pollution, loss of biodiversity, and 

deforestation. One of the generic approaches to 

mitigate human generated environmental problems 

revolves around circular economy, which aims at 

eliminating waste through reduce, reuse, recycle, and 

similar activities. 

 

This paper clarifies critical conceptual aspects of the 

local circular economy (CE) policy, including the 

fundamental ontological layer of the circular city, its 

connection with organized economic ctivities, and 

lastly local policy making that aims at changing them 

in the pursuit of politically decided CE  oals. Our aim 

is thus to build an integrative view of the layers and 

sectors associated with local CE. 

 

Methodologically, this article presents a theoretical 

analysis of the connections between urban 

metabolism and the categories of organized human 

activity in the context of CE policy [1]. Our analysis 

utilizes a critical review of relevant literature [2]. 

Theoretical discussion relies on formal reasoning that 

is combined with heuristic approach to olicy analysis 

[3, 4]. This paper represents a theoretically oriented 

part of the research agenda of the VATACO Project 

established jointly by the City of Helsinki and 

Tampere University for 2022-2025 funded by the  

cademy of Finland. 

 

II. ENVIRONMENTAL IMPERATIVE 

 

Cities are open subsystems of the materially closed 

ecosphere [5]. This is a premise that conditions urban 

life and points to one of the key premises of urban 

sustainability agenda. 

Cities as dissipative structures are nexuses of flows of 

matter and energy [6]. The concept of urban 

metabolism refers to the very same idea. In such a 

model energy needed to power devices, maintain 

infrastructures, and provide heating, and materials 

used primarily in constructing buildings and 

infrastructures and creating products, are needed to 

build and maintain the support structures, utilities, 

and services to sustain urban functions [7]. 

 

The metabolism of social-ecological systems reflects 

the interaction of the economic process with the 

biosphere [8]. In the metabolic processes the 

catabolic part takes place in the primary production 

sectors of the economy, while the activities of the 

anabolic part take place in the remaining sectors of 

the economy, as illustrated in Figure 1 [9]. 

 

 
Figure 1. Biosphere, technosphere, and economic sectors. 

(Source: [9] p. 42.) 

 

From the point of view of atmospheric environmental 

policy and governance, our challenge is ultimately to 

design the benign coordinated interaction between the 

economy and the atmospheric environment so that 

bilateral enhancement is possible [10]. 

 

III. URBAN CIRCULAR ECONOMY 

 

The idea of circular economy is seen as an antidote to 

take-make-waste pattern of the economy that depletes 

our natural resources. The understanding of 
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dissipative structure and urban metabolism is a 

theoretically grounded view of identifying such 

resource flows. Circular city discourse is built on 

such a fundamental layer of urban circularity [11]. 

 

The essence of a circular city revolves around the 

idea of eliminating waste. When taking the 

governance view into account, we may define circular 

city as “a city that practices CE principles to close 

resource loops, in partnership with the city‟s 

stakeholders (citizens, community, business and 

knowledge stakeholders), to realize its vision of a 

future-proof city,” as formulated by Prendeville and 

others ([12], p. 187). This is a policy area in which 

city governments at times have to rely on persuasion 

rather than dictation in order to involve local 

manufacturers, distributors, retailers, consumers, and 

other stakeholders. 

 

The primary focus in circular economy has been on 

businesses, as they affect circularity through 

industrial systems [13]. This encompasses a broad 

group of industries with varying relations with urban 

circularity. Especially manufacturing has a vital role 

in this discussion as manufacturing industries are 

heavy resource users and CO2 emitters [14]. The 

other primal side of the urban metabolism is the 

material and carbon footprints of households [11]. 

 

Regarding household consumption, food, housing, 

and transport are hotspots of both material and carbon 

footprints. There is some evidence to claim that with 

consistent CE strategies and action plans cities may 

considerably mitigate their material and carbon 

footprints [15]. Regarding the role of city 

governments, Lakatos and others have claimed that 

cities play a focal role in facilitating the transition 

towards circularity especially through the closing of 

the loops, recirculation, technical innovation, policy 

elaboration, and citizens‟ support [16]. 

 

IV. ASPIRATIONAL VISION FOR 

MULTISECTOR SYMBIOSES  

 

CE policy is drastically different in different 

economic sectors and activity areas. Let us take a 

brief look at  here examples of such areas, those of 

manufacturing, retailing, and housing. 

 

The issues related to manufacturing have attracted a 

lot of attention in the CE discourse. While 

manufacturing companies have been instrumental in 

improving standard of living on a global scale, they 

are also linked to nsustainable production, logistics, 

and consumption patterns. Especially the production 

of such materials as ement, steel, plastics, and 

aluminum, account for the bulk of total emissions 

from industry. On the other hand,  here are business 

sectors that diversify and specialize in CE-related 

businesses from waste management to a range of 

relevant activities, including repair, maintenance, 

recycling, and the development of new materials. 

This has given impetus to aspirational views of 

industries‟ ability to improve the efficiency of the use 

of resources, as depicted in the idea of inclusive and 

sustainable industrial development (ISID). This leads 

us to a broader view of production side of CE. It is 

not only about narrowly defined industrial production 

and the emergence of manufacturing model known as 

re-distributed manufacturing (RdM) [17], but a 

broader view of urban manufacturing [18] and the 

industrial transformation with critical connections to 

its societal context [19]. 

 

This development has its spatial dimension that has 

attracted attention in the promotion of CE. Just as 

industrial parks emerged several decades ago to 

facilitate industrial production and science parks to 

facilitate high-tech industries, eco-industrial parks 

(EIPs) emerged recently to speed up transition 

towards CE [20, 21, 22]. Such a transition requires a 

systemic change in the design of products, business 

models, and supply chains, as depicted in the idea of 

integrated industrial system known as industrial 

symbiosis [23]. Such a symbiotic approach lies at the 

heart of the formation of EIPs [24, 25, 26]. The most 

well-known example of such a symbiosis is arguably 

Kalundborg in Denmark [27]. The idea is that by 

sharing by-products – especially materials, energy, 

and water – manufacturers are able to bring about 

economic and environmental benefits [28]. On the 

other hand, in many EIPs such a symbiosis is not 

attained, and there are a lot of industrial parks in 

which the principles of CE do not play any role [29]. 

In short, EIPs are not an ultimate solution to 

environmental problems, but rather a meso-level 

environment that makes it possible for individual 

companies to improve their sustainability [30].  

 

Sustainability has emerged in retailing with a general 

aim of reducing the negative impact of products on 

people and environment through the supply chain. 

There is a pressure from consumer side, for according 

to some reports over 90 % of consumers globally 

expect brands to support social and environmental 

issues [31]. Sustainable supply chain management 

(SSCM) has a close association with circular 

economy. It challenges the unidirectional flow of 

materials and products by paying attention to 

bidirectional or multidirectional flows amongst 

members of the supply chain. The aim is to “close the 

loop” by utilizing the idea of reverse supply chain, 

which enables the reverse flow of materials among 

channel members, thus creating a connecting with the 

3R‟s at the very core of the circular economy, i.e. 

with reducing, reusing, and recycling materials 

whenever feasible. Interestingly, retailers have a 

critical role in this setting due to their position as a 

linkage between the upstream and downstream actors 

in the supply chain [31]. Discussion that takes this 
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view further directs attention to the industry-retail 

symbiosis [32]. 

 

Urban settlements need housing and other facilities in 

order to make life in densely populated areas feasible, 

comfortable, and sustainable. The promotion of CE in 

such a context is important as cities are wasteful in 

terms of resource consumption. CE offers a 

conceptual framework for addressing such an issue 

through urban planning, construction, and directing 

residential lifestyle towards closedloop thinking. 

However, such regenerative and restorative urban 

systems are developing surprisingly lowly [33]. The 

meso-level context of the housing is a neighborhood 

level development, which can be used as an entry 

point for change as cities strive for CE transition [34]. 

One of the ultimate goals is to build a symbiotic 

urban neighborhood [35]. 

 

Previous discussion opens a hypothetically 

synergistic view of three realms of circularity that in 

the first instance extends conventional industrial 

symbiosis to industry-retail symbiosis, and further 

connects it through residential functions and 

consumptions to a wider urban setting, thus 

encompassing practically all essential urban functions 

[36, 37, 38]. Such a view can be called industry-

retail-urban symbiosis that has a potential to provide 

a heuristic view of the symbioses at the intersections 

of major economic sectors, organized social 

activities, and urban functions. 

 

V. THE RELEVANCE OF LOCAL CE AGENDA 

 

The circular economy is implemented through three 

circles [39, 40]. The first circle includes micro-level 

processes, which revolve around corporate-level 

initiatives such as sustainable manufacturing, waste 

minimization, and environmental management 

systems (EMS), and a range of consumer-oriented 

solutions, such as prosumption (production + 

consumption), community sharing, and repair cafés 

[41]. The second circle is about meso-level processes 

that operate at the inter-firm level, of which good 

examples are EIPs. The third circle is macro-level 

concept of circular economy, which operates at the 

level of holistic and complex social processes of a 

larger society. Cities as the loci of innovation, 

commerce, production, consumption, and power form 

geographical concentrations with a unique position in 

promoting circular economy. They serve as 

integrators of values within such a multi-sector and 

multi-layered setting. In the spatial CE policy this 

includes whole-of-city approach to CE policy, as 

illustrated by the eco-city concept [42, 43]. 

 

Local CE agenda implies that there may be a 

potential tension between global, macro-regional or 

national policies and local solutions that may rely on 

pragmatic mix of linear and circular economies. Even 

in such a case local focus has its relevance. Local 

policy making is justified by such factors as the 

“stickiness” of local knowledge, urban scale, ability 

to engage stakeholders within the given area, 

adopting different governance models, facing urban 

problems that can be addressed locally, and 

availability of relevant benchmarks [44]. There are, 

thus, several factors that justify the locality-based 

approach to the promotion of CE. 

 

 Lakatos and others [16] have pointed out that there 

are several alternative definitions for circular cities, 

which increases ambiguities in local CE policies. The 

other important observation is that successful 

implementation of the CE agenda requires efforts at 

different institutional levels, which poses an obvious 

challenge to local governance. Furthermore, circular 

cities are based on fundamentals of circular economy 

[45], which means cities need to articulate its CE 

policies in a conceptually fuzzy field the way that 

resonates with the views of local stakeholders. 

Stakeholder involvement is, in any case, a key to the 

success of the implementation of local CE policies 

[16]. In spite of all good intentions, cities face 

persistent challenges in their strive to become fully 

sustainable. It seems that circular economy practices 

require both technological and managerial 

improvements in order to be effective [12, 46]. 

 

VI. CONCLUSION 

 

Understanding the local level CE policy agenda and 

its challenges requires an integrated multi-level and 

multi sector view of a circular city. The challenges of 

circular city research include the search for 

conceptual clarity, the availability of relevant data on 

urban metabolism, determining policy priorities in a 

conceptually fuzzy field, learning about the role of 

stakeholder engagement, and understanding the issues 

of the implementation of CE policy. 

 

A particular issue addressed in this article worth a 

closer look is the industrial-retail-urban symbioses, 

which may be one of the preconditions for the 

breakthrough in the local CE policy. This is one of 

the areas we wish to shed light on in our future 

research through a series of small-scale empirical 

analyses and case studies that combine industrial, 

retail, and residential functions of a city. 

 

REFERENCES 

 
[1] G. Jasso, “Principles of Theoretical Analysis,” Sociological 

Theory, vol. 6, no. 1, pp. 1–20, 1988. 

[2] H. Snyder, “Literature review as a research methodology: An 

overview and guidelines,” Journal of Business Research, vol. 

104, pp. 333 339, 2019. 

[3] R. Hendrick, “A Heuristic Approach to Policy Analysis and 

the Use of Sensitivity Analysis,” Public Productivity & 

Management  eview, vol. 18, no. 1, pp. 37–55, 1994. 

[4] A. Abbott, Methods of Discovery: Heuristics for the Social 

Sciences, New York: W.W. Norton, 2004. 



Challenges to the Circular City: Conceptual Remarks on Industry-Retail-Urban Symbioses 

Proceedings of TheIRES International Conference, Seoul, South Korea, 04th - 05th July 2023 

11 

[5] W. E. Rees, “Cities as Dissipative Structures: Global Change 

and the Vulnerability of Urban Civilization,” in M. P. 

Weinstein and R. E. Turner eds., Sustainability Science: The 

Emerging Paradigm and the Urban Environment, New York: 

Springer, 2012. 

[6] A. Feiferytė-Skirienė and Ž. Stasiškienė, “Seeking 

Circularity: Circular Urban Metabolism in the Context of 

Industrial Symbiosis,” Sustainability, vol. 13, no. 16, article 

9094, 2021. 

[7] N. Marchettini, F.M. Pulselli and E. Tiezzi, “Entropy and the 

city,” in U. Mander, C.A. Brebbia and E, Tiezzi eds., The 

Sustainable City IV: Urban Regeneration and Sustainability, 

WIT Transactions on Ecology and the Environment, vol 93, 

WIT Press, pp. 263-272, 2006. 

[8] F. Berkes, J., Colding and C. Folke, Navigating 

socialecological systems: Building resilience for complexity 

and change, Cambridge, UK: Cambridge University Press, 

2003. 

[9] M. Giampietro “The entropic nature of the economic process: 

A scientific explanation of the blunder of circular economy,” 

in H. Lehmann, C. Hinske, V. de Margerie and A. Slaveikova 

Nikolova eds., The Impossibilities of the Circular Economy: 

Separating Aspirations from Reality, London: Routledge, pp. 

37-47, 2022. 

[10] Y. Geng, M. Maimaituerxun and H. Zhang, “Coordinated 

interactions between economy and atmospheric environment: 

temporal– patial comparisons from China. Environment,” 

Development and Sustainability, vol. 24, pp. 13887–13916, 

2022. 

[11] A. Boeri, J. Gaspari, V. Gianfrate, D. Longo and S. O. M. 

Boulanger, “Circular City: A Methodological Approach for 

Sustainable Districts and Communities,” WIT Transactions 

on The Built Environment, vol. 183, pp. 73- 82, 2019. 

[12] S. Prendeville, E. Cherim and N. Bocken, “Circular cities: 

mapping six cities in transition,” Environmental Innovation 

and Societal Transitions, vol. 26, 171-194, 2018. 

[13] M. A. Camilleri, “European environment policy for the 

circular economy: Implications for business and industry 

stakeholders,” Sustainable Development, vol. 28, pp. 1804-

1812, 2020. 

[14] M. M. Bjørnbet, C. Skaar, A. M. Fet, A.M. and K. Ø. 

Schulte, “Circular economy in manufacturing companies: A 

review of case study literature,” Journal of Cleaner 

Production, vol. 294, article 126268, 2021. 

[15] M. Christis, A. Athanassiadis and A. Vercalsteren, 

“Implementation at a city level of circular economy strategies 

and climate change mitigation – the case of Brussels,” 

Journal of Cleaner Production, vol. 218, pp. 511-520, 2019. 

[16] E. S. Lakatos, G. Yong, A. Szilagyi, D. S. Clinci, 

L.Georgescu, C. Iticescu and L.-I. Cioca, “Conceptualizing 

Core Aspects on Circular Economy in Cities,” Sustainability, 

vol. 13, article 7549, 2021. 

[17] C. Turner, M. Moreno, L. Mondini, K. Salonitis, F. Charnley, 

A. Tiwari and W. Hutabarat, “Sustainable Production in a 

Circular Economy: A Business Model for Re-Distributed 

Manufacturing,” Sustainability, vol. 11, no. 16, article 4291, 

2019. 

[18] T. Tsui, D. Peck, B. Geldermans and A. van Timmeren, “The 

Role of Urban Manufacturing for a Circular Economy in 

Cities,” Sustainability, vol. 13, no. 1, article 23, 2020. 

[19] J. Korhonen, C. Nuur, A. Feldmann and S. E. Birkie, 

”Circular economy as an essentially contested concept,” 

Journal of Cleaner Production, vol. 175, pp. 544-552. 2018. 

[20] F. Aggeri, Industrial eco-parks as drivers of the circular 

economy. Field Actions Science Reports [Online], Special 

Issue 23. Retrieved May 19, 2021, from 

http://journals.openedition.org/factsreports/6642, 2021. 

[21] G. A. Fuentes Barrera, X. Gabarrell i Durany, J. Rieradevall 

Pons, and J. G. Guerrero Erazo, “Trends in global research on 

industrial parks: A bibliometric analysis from 1996–2019,” 

Heliyon, vol. 7, no. 8, article e07778, 2021. 

[22] N. Halonen and M. Seppänen, ”Eco-Industrial Parks,” in W. 

Leal Filho, A. Azul, L. Brandli, P. Özuyar, T. Wall, eds, 

Responsible Consumption and Production Encyclopedia of 

the UN Sustainable Development Goals. Cham: Springer, 

2019. 

[23] T. Domenech, R. Bleischwitz, A. Doranova, D. 

Panayotopoulos and L. Roman, “Mapping Industrial 

Symbiosis Development in Europe_ typologies of networks, 

characteristics, performance and contribution to the Circular 

Economy,” Resources, Conservation and Recycling, vol. 141, 

pp. 76-98, 2019. 

[24] T. Tudor, E. Adam and M. Bates, “Drivers and limitations for 

the successful development and functioning of EIPs (eco-

industrial parks): A literature review,” Ecological Economics, 

vol 61, nos. 2-3, pp. 199-207, 2007. 

[25] D. Liu, H. Li, W. Wang and Y. Dong, “Constructivism 

Scenario Evolutionary Analysis of Zero Emission Regional 

Planning: A Case of Qaidam Circular Economy Pilot Area in 

China,” International Journal of Production Economics, vol. 

140, no. 1, pp. 341–356, 2012. 

[26] G. Bressanelli, F. Visintin and N. Saccani, “Circular 

Economy and the evolution of industrial districts: a supply 

chain perspective,” International Journal of Production 

Economics, vol. 243, article 108348, 2022. 

[27] S. V. Valentine, S.V. “Kalundborg symbiosis: Fostering 

progressive innovation in environmental networks,” Journal 

of Cleaner Production, vol. 118, pp. 65–77, 2016. 

[28] M. Chertow and J. Ehrenfeld, “Organizing Self- Organizing 

Systems: Toward a Theory of Industrial Symbiosis,” Journal 

of Industrial Ecology, vol. 16, no. 1, pp. 13–27, 2012. 

[29] D. van Beers, K. Tyrkko, A. Flammini, C. Barahona and C. 

Susan, “Results and Lessons Learned from Assessing 50 

Industrial Parks in Eight Countries against the International 

Framework for Eco-Industrial Parks,” Sustainability, vol. 12, 

no. 24, article 10611, 2020. 

[30] N. Jacobsen, “Industrial Symbiosis in Kalundborg, Denmark: 

A Quantitative Assessment of Economic and Environmental 

Aspects,” Journal of Industrial Ecology, vol. 10, nos. 1-2, pp. 

239–255, 2006. 

[31] G. G. Vakkepatt et al., “Sustainable Retailing,” Journal of 

Retailing, vol. 97, no. 1, pp. 62-80, 2021. [32]  

[32] L. R. Trento et al., “Industry retail symbiosis: What we 

should know to reduce perishable processed food disposal for 

a wider circular economy,” Journal of Cleaner Production, 

vol. 318, article 128622, 2021. 

[33] M. Marchesi, C. Tweed and D. Gerber, “Applying Circular 

Economy Principles to Urban Housing,” BEYOND 2020 – 

World Sustainable Built Environment Conference, IOP 

Conference Series: Earth and Environmental Science 588, 

052065, IOP Publishing, 2020. 

[34] UNEP, Creating Circular Neighbourhoods: A Discussion 

Paper. Paris: United Nations Environment Programme. 

Retrieved May 27, 2023, from 

https://www.neighbourhoodguidelines.org/buildingcircular- 

neighbourhoods, 2021. 

[35] S, Lufkin, E. Rey and S. Erkman, Strategies for Symbiotic 

Urban Neighbourhoods: Towards Local Energy Self- 

Sufficiency. Cham: Springer, 2015. 

[36] R. van Berkel, T. Fujita, S. Hashimoto and M. Fujii, 

“Quantitative assessment of urban and industrial symbiosis in 

Kawasaki, Japan,” Environmental Science & Technology, 

vol. 43, pp. 1271–1281, 2009. 

[37] S. Lehtoranta, A. Nissinen, T. Mattila and. M. Melanen, 

”Industrial symbiosis and the policy instruments of 

sustainable consumption and production,” Journal of Cleaner 

Production, vol. 19, no. 16, pp. 1865-1875, 2011. 

[38] M. Antikainen, M. Arnold, P. Kivikytö-Reponen and D. 

Lazarevic, “Towards Urban Symbiosis of Critical Raw 

Materials – A Conceptual Paper,” in S. G. Scholz, R. J. 

Howlett and R. Setchi eds., Sustainable Design and 

Manufacturing, SDM 2022, Smart Innovation, Systems and 

Technologies, vol. 338. Singapore: Springer, 2023. 

[39] Y. Geng and B. Doberstein, “Developing the circular 

economy in China: Challenges and opportunities for 

achieving „leapfrog development‟.” International Journal of 

Sustainable Development & World Ecology, vol. 15, pp. 

231–239, 2008. 



Challenges to the Circular City: Conceptual Remarks on Industry-Retail-Urban Symbioses 

Proceedings of TheIRES International Conference, Seoul, South Korea, 04th - 05th July 2023 

12 

[40] P. Ghisellini, C. Cialani and S. Ulgiati, “A review on circular 

economy: the expected transition to a balanced interplay of 

environmental and economic systems,” Journal of Cleaner 

Production, vol. 114, pp. 11-32, 2016. 

[41] M. Marchesi and C. Tweed, “Social innovation for a circular 

economy in social housing,” Sustainable Cities and Society, 

vol. 71,article 102925, 2021. 

[42] S. E. Bibri, “The eco-city and its core environmental 

dimension of sustainability: green energy technologies and 

their integration with data-driven smart solutions,” Energy 

Inform, vol. 3, article 4, 2020. 

[43] M. de Jong, C. Yu, S. Joss, R. Wennersten, L. Yu, X. Zhang 

and X. Ma, “Eco city development in China: addressing the 

policy implementation challenge,” Journal of Cleaner 

Production, vol. 134, Part A, pp. 31-41, 2016. 

[44] M. Angelidou, “Smart city policies: A spatial approach,” 

Cities, vol. 41, Supplement 1, pp. S3-S11, 2014. 

[45] J. Williams, “Circular Cities: Challenges to Implementing 

Looping Actions,” Sustainability, vol. 11, article 423, 2019. 

[46] S. E. Lee, A. D. Quinn and C. D. Rogers, “Advancing City 

Sustainability via Its Systems of Flows: The Urban 

Metabolism of Birmingham and Its Hinterland,” 

Sustainability, vol. 8, article 220, 2016.

 

 

 

 

 

 

 

 

 

 

 

 
 


