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Abstract 
Pneumatic Underground Waste Management: 

A Technological Innovation System Analysis 

Darshan Venkatesh and Shashank Jagadeesha 

Abstract  

Most of the urban areas face solid waste management issues due to the 

constantly rising population. The functional component of trash collection 

comprises not only the collection of solid waste and recyclables but also the 

transportation of the waste in vehicles to recycling/dumping centers. Industries 

and governments are searching for alternative solutions to achieve more 

efficient management of waste as part of their efforts to achieve more 

sustainable and smart cities. Pneumatic Underground Collection is an 

alternative technology that can assist in the development of smart and 

sustainable cities. The technology consists of a network of optimally distributed 

deposit boxes connected to a network of underground pipes through which 

waste is transferred to a collection point. Such systems carry an increased 

burden related to conventional waste management systems due to the involved 

technical processes and higher number of stakeholders. Thus, policy change is 

paramount as the regulations, user practices, infrastructure and maintenance 

networks are all aligned with existing waste management methods. Using a 

technological innovation system analysis which entails evaluation of system 

functions that support or impede technology diffusion.  

The goal of this research was to determine the areas where policy changes are 

required and evaluate the extent of implementation of the PUC technology as 

an alternative for waste collection utilizing TIS analysis. Minor efforts are 

necessary to educate people as most of them are self-aware. Results of this 

study contribute to improving knowledge development and market exchange 

between participating actors. Barriers include Market, knowledge exchange, 

knowledge development, counteract resistance to change, innovation and 

resource mobilization. Areas, where policy change is necessary, are market 

regulation, infrastructure for knowledge, platforms for knowledge assimilation, 

better access for researchers and industries to the knowledge base, 

incentivized adoption by consumers, incentivized integration in existing 

residential areas and financial aid for start-ups in the public innovation sector. 
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Popular Science Summary 

 
In our lives, we face numerous obstacles every day. A challenge we face 

collectively today is the negative effect that waste has on the environment. Over 

time, researchers, industry, and governments have attempted to tackle the 

shortcomings of traditional waste collection procedures, such as establishing new 

policies for the segregation of plastic and other waste. However, upgrading 

current technology and changing consumer usage patterns is a complex process 

that requires more resources compared to restructuring existing waste 

management along with research required to cope with the complexity and 

identify viable transitioning methods. A Swedish firm Envac AB has been 

operating an underground-automated waste collection system for almost 60 years. 

The firm was founded in 1961 and its technology is now used across the world.  

Currently, there has been no substantial attempt to develop public awareness about 

innovative waste management technologies. Procedures that every citizen must 

follow to minimize waste generation and promote sustainable waste management 

are not uniform across geographical borders. 

Our research is focused on aspects of the technology implementation where 

policy change is required, as well as analysing the system's stage of development 

by comparing it to the current conventional waste collecting system. The results 

indicate that the innovation of underground pneumatic waste collection already 

has well-established system characteristics that also help to determine the level 

of technological advancement. People already know about the benefits of waste 

disposal in factions, so minor efforts are required to educate people.  The result of 

this study has the potential to increase the awareness of areas where policy 

changes are necessary. The identified areas to improve the rate of diffusion are 

Market regulation, Infrastructure for Knowledge exchange, Platforms for 

knowledge assimilation, better access for researchers and industries to the 

knowledge base, incentivizing adoption by consumers, Incentivize integration in 

existing residential areas, and financial aid for start-ups in the public innovation 

sector.  
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1 Introduction 
This chapter provides a brief description of waste management and innovations in the field of 

waste collection. It also includes the aim, research questions, scope, and outline of the study. 

1.1 Background 

Cities always face trouble with waste management. The issue is frequently related to various 

diversified interests, the dependence of society on municipalities for waste management, and 

political complexity. This is because, half of the world's population lives in urban areas and the 

rate of the shift from rural to urban areas is increasing rapidly (Pharino, 2017). Furthermore, 

the more materials, food, and other resources we consume, the more garbage we generate. The 

environmental impact of these commodities is frequently larger than waste recovery can 

compensate for. Therefore, achieving efficiency in waste collection, dumping, and transport for 

recycling has over time become increasingly important (Visser, 2018). Thus, Governments and 

industries are looking at alternative technologies as part of their efforts to be more sustainable. 

In the past, officials appointed in the public sector were solely responsible for the conservation 

and management of natural resources through environmental policy. However, individuals, 

non-governmental groups, communities, and the commercial sector are all involved nowadays. 

Management is also employed to address environmental issues that require cooperation from 

civil society through behaviour change or acceptance of techniques (Cocklin & Moon, 2020). 

Today's waste management services cover a wide range of products. For example, recycling 

produces new materials to replace those derived from natural resources. Incineration generates 

heat and power that can be used to supplement heat and electricity from other sources.  Waste 

is conventionally collected door-to-door by trucks and dropped off at fixed stations. The 

efficiency of this waste collection method is dependent on the area covered, human resources, 

and routes within city limits (Pharino, 2017). However, waste collection is not efficient in many 

countries due to weak management, an inadequate number of transport vehicles, irrational and 

diverse collection routes, poor calibration of travel times, and inadequate capacity of collection 

centres (Pharino, 2017). 

The efficiency of waste management is a vital component of the infrastructure for a sustainable 

transition to align with long-term environmental goals (European Environment Agency, 2021). 

Thus, the first commitment period of the 1997 Kyoto Protocol, which included 15 European 

Union states, was effective from 2008 to 2012. The joint targets in the first commitment period 

were to reduce greenhouse emissions by 8% for the EU compared to emission levels in 1990 

(European Commission, 2022). The emission levels in 1990 were 5720 million tons of CO2 

equivalent (European Environment Agency, 2018). Because of the resulting rise in pollution 

abatement expenses, businesses are looking at new technologies that are more cost-efficient 

than traditional waste management methods (Jaffe et.al., 2003). The number of patents awarded 

is directly influenced by the cost of pollution abatement. As a result, it is safe to predict that 

greater pollution abatement costs have resulted in a higher number of patents being granted, 

which in turn has led to a higher pace of innovation.  

Waste management has an impact on the environment due to emissions from waste system 

activities as well as the use of power, fuel, and other inputs (Åkesson, 2014). Thus, it is not 

enough to properly handle garbage; we must also aspire to reduce the amount of waste produced 

– or, more precisely, to use the resources and food we produce as efficiently as possible – as 

well as the quantities of dangerous substances in waste. However, waste management also 

delivers environmental advantages by providing materials, heat, electrical energy, and raw 
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materials that reduce the environmental effects in areas such as energy production, materials 

manufacturing, and agriculture. Waste management delivers an advantage since the benefits are 

frequently larger than the effect of the waste system itself on the environment (Åkesson, 2014). 

There has been no effort to raise community awareness about alternative waste management 

technologies or initiatives that can reduce waste generation and encourage sustainable solid 

waste management, even when reducing waste would contribute to reducing total GHG 

emissions. The functional element of the waste collection includes not only the collecting of 

solid waste and recyclables but also the transportation of the waste in vehicles to recycling sites, 

where it is then dumped. It includes the recovery of sorted solid waste as well as the transport 

of solid waste, which takes place mostly at sites other than the source of waste generation. 

Pneumatic Underground Collection (PUC) is one such alternative technology that is 

encouraging the development of smart and sustainable solid waste management (Envac, 2021). 

It consists of a network of optimally distributed fixed deposit boxes connected to a network of 

underground pipes through which waste is transferred to a collection point. The transfer is 

activated by pneumatic suction generated by turbo-extractor fans at the collection stations 

(Pérez et.al, 2020). The deposit boxes can be integrated into house walls or placed curb side at 

entrances to buildings. Such waste management systems increase the demand for technical 

expertise and the number of stakeholders involved. 

1.2 Problematisation 

To identify existing barriers where policy change was needed, the market failure approach had 

been the focus of the researchers. The method explained why government expenditures may 

occur (Zerbe & McCurdy, 1999), which served as the basis for policy change (Bergek, et al., 

2008). However, a systems approach has been adopted as a better alternative for identifying the 

factors because a market failure approach was deemed insufficient for promoting the 

development and diffusion of new technologies. 

An Innovation Systems approach also recognises the greater influence of non-market 

institutions than only market forces (Bleda & Rio, 2013). But there is a lack of clear guidelines 

to identify factors that help in the assessment of system performance. The Technological 

Innovation System (TIS) analysis framework by Bergek A et.al., helps in overcoming this 

constraint by identifying the structural characteristics and dynamics of a system, particularly 

those of functions that affect the development, diffusion, and utilization of novel technologies. 

It also aids in generating insight into political and economic infrastructure around a technology 

(Bergek, et al., 2008). 

The increase in demand for technical knowledge and the volume of stakeholders calls for a 

better understanding of interactions between technology and society (Trist, 1981). Because both 

society and technology are involved in these interactions, one framework containing all these 

interactions is known as a socio-technical system, and it is simpler to determine where a higher 

level of policy intervention is required in such a system. A socio-technical system emphasise-

evolutionism, multi-dimensionality, multi-actor processes, and complexity (Trist, 1981). It 

makes policymaking tedious, due to the cycle of public policy introduction, societal outcomes, 

effect on policy actors, influence on politics, and subsequent policymaking (Edmondson, et al., 

2019). Waste management, however, is undervalued and overlooked in national and 

international political agendas (Wilson, 2015). Regulations, maintenance networks, user 

practices, and infrastructures are all aligned with the existing waste collection methods (Trist, 

1981). Hence political intervention is necessary to overcome this established regime. 
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1.3 Aim and Research Questions 

The aim is to determine the changes in policy required and identify the extent of implementation 

of the Pneumatic underground collection (PUC) technology for waste collection utilizing TIS 

analysis. 

To simplify the objective of this research, the aim has been divided into two questions below: 

1. To what extent is the technological innovation system developed around PUC waste 

management systems? 

2. In what areas of policy are changes necessary to accelerate the development, diffusion, 

and utilization of PUC waste management systems? 

1.4 Scope 

The authors had to reduce the scope of the research study to some extent, due to the complex 

technology of the pneumatic underground collection system, which consists of many different 

interconnected elements. Thus, the scope of this study is confined to focusing on the areas 

where policy change is essential and evaluating the stage of development of the system. This 

study is carried out corresponding to the waste management scenario in Sweden since most of 

the interview participants are from Sweden. The interview guide and the analysis carried out 

do not consider the manufacturing and maintenance aspects of the pneumatic waste collection 

system. 

 

The study follows constructivist ontology (nature of reality) where reality keeps changing due 

to periodic changes in the social interaction between the actors of the system. Thus, the strategy 

to collect/generate data must synonymously recognise the subjective meaning of the said social 

interactions and therefore is interpretive. The chosen theoretical framework is utilised to gain 

insight into political and economic scenarios related to pneumatic waste management. Hence, 

the approach is inductively establishing a relation between theory and research and is qualitative 

in nature. Due to the complexity of the technology under investigation, the design is that of a 

case study and in particular an intrinsic case study.      
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1.5 Thesis Outline 

 

Fig. 1: Disposition of study flow 

Literature Review: The study starts with a literature review as shown (Fig. 1), consisting of a 

brief overview of the evolution of waste management followed by the cycle of waste 

management, the importance of the element of waste collection, the need for alternative waste 

collection technologies, and factors influencing these new systems   

Theoretical Framework: Brief introduction to innovation systems theory and why it is better 

as a policy-making tool compared to market failure. The Technological Innovation Systems 

framework explains and introduces the theory that seeks to investigate the research problems. 

The theoretical framework is used as a foundation for analysis and discussion. 

Methodology: Starting with the connection between research questions and methodology, the 

section later explores epistemology and ontology of the study, research design, why the 

approach is qualitative, and data collection methods. Thematic analysis has been detailed to 

explain how the information has been obtained from the interviews. Limitations along with 

ethical considerations are also included. 

Empirics of Study: Observations from interviews are categorised into themes and sub-themes 

and are summarised. Data regarding the alternative waste management system under 

consideration is also detailed. The phase of development is also determined.   

Analysis: This stage answers the research study by analysing all empirical facts in connection 

to the theoretical framework and assisting the author in reaching a conclusive conclusion. 
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Discussion: A link between empirical findings and supporting/contradictory information from 

the literature review is established to determine the contribution of the study.  

Conclusion: The final stage is to conclude the research issue based on the study's current 

theoretical implications and findings.  
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2 Literature Review 
This chapter provides a brief introduction to waste management, and historical discourse on 

waste management and ends by identifying the gap in research that needs to be addressed. 

2.1 Evolution of waste management systems 

To develop sustainable waste management systems for the future or evaluate existing 

alternatives, it is critical to have an overview of what the drivers for past developments were 

and what are the drivers influencing them are now (Wilson, 2007). Thus, it is necessary to 

revisit drivers that influenced improvements in waste management technologies throughout the 

known human history. Public health was the key driver up until the middle of the 20th century 

and is still true for developing economies. Environmental protection took precedence later with 

a concentration on uncontrolled disposal elimination initially followed by a systematic increase 

in technological standards (Wilson, 2007). A brief historical overview of waste management 

technologies is presented below. 

From the beginnings of the western civilisation in 4500 BCE until the industrial revolution in 

the period 1760 to 1840, streets and open spaces in cities were often used as receptacles for 

urban waste (Guillerme, 1983). Urban waste then comprised of human and animal urine and 

excrement, other organic material from domestic or artisan activities, rubble from demolitions, 

various mineral debris, etc. The combination of waste and the soil was prevalent due to the 

unsurfaced streets and city centres and high absorption capacity of rainwater as most urbanised 

areas were built on the low and muddy ground.  

According to Guillerme (1983), during the seventh and sixth centuries BC, Rome utilised 

uncovered canal networks first, and subsurface sewage systems later to collect urban waste and 

drained them into rivers. However, during the Middle Ages in Europe, these systems were 

replaced by surface runoffs for rainwater and drainage waters (Guillerme, 1983). Moats 

replaced the roman ducts as sewer systems. But many cities canalised and created networks of 

moats to encourage the development of artisan activities that included the crafting of clothes, 

toys, tools, and furnishings. Some cities also adopted pit privies during the Middle Ages and 

Renaissance to manage human excremental materials (Chevallier & De Loury, 1849). This was 

due to the prohibition of the disposal of human waste in sewers and rivers. Dumpsites formed 

from this refuse and drainage of pit privies were established at city gates and often grew into 

real hills. However, practices favourable to health or well-being dropped in adoption rates from 

the 15th to the 18th century (Boudriot, 1990). 

In his study, de Sauvages (1754) noted that throughout the 18th century, doctors followed 

Hippocrates' treatise and believed air to be a transmission medium for toxic vapours emitted by 

the soil that were deemed to be deadly. Their belief was confirmed by the high occurrences of 

fever in wetlands along with shortened lifespans for the residents (de Sauvages, 1754). This led 

scientific, political, and intellectual communities to recommend improved ground covering, 

better management of human and urban wastes, universalised sweeping and cleaning, and 

improved distribution of these services (Fortier, 1975). Early chemistry proved that human and 

animal waste along with food residues could also be used as fertilizers (Wines, 1985). These 

hygiene requirements and agricultural industrial demands had ambiguous effects on waste 

management. Big cities witnessed the rapid implementation of policies. These policies were 

aimed to recalibrate sewer systems, street paving, water distribution, collection of wastewaters, 

and urban waste collection reconfiguration (Goddard & Sheail, 2001) (Melosi, 2000) (Vögele, 

1998). The growth in the use of water closets also encouraged a slow phase-out of the use of 

pit privies (Moll & Mille, 1857). The collection of waste and mud from streets was gradually 
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replaced by waste collection taxes and the resulting public service was handed over to private 

firms (DU MESNIL, 1884).  

The rising recycling measures led to two critical aspects. Recycling was efficient only if there 

was a large enough population producing waste such that there was sufficient supply. Also, 

these recycled materials were often used in agriculture and local industries that were dependent 

on large markets and thus also needed a large population (Figuier, 1873). One of the 

recommendations adopted after a critic of the practice of street dumping trash was that of using 

boxes or waste bags (Jugie, 1993). One of the key aspects of waste management was scavenging 

from the late 1800s to the 1960s. From the 1880s there was an increase in the industrialisation 

of scavenging (COURMONT, et al., 1932). Specialised sorting plants were established where 

sorting could be carried out efficiently and rationally. Each product had expert collectors who 

transformed from being self-employed to salaried staff.  

Incinerators came into effect in the 1870s with the first ones tested in Nottingham and 

Manchester (Melosi, 1988). Their advantages included their capacity to reduce the volume of 

waste into power that was used to power tramways, proximity to urban areas thereby decreasing 

the cost of service for waste transportation, and ash produced as raw material for the 

manufacture of mortar, and concrete structures, and concrete slabs for sidewalks. The 

incinerators were also used as sources for district heating (Paris, 1909). 

Waste collection in municipalities started as a utility service back in the middle of the 19th 

century. However, Barles (2014) states that controlled disposal came into action only later in 

the sixties due to the increase in the volume of garbage faster compared to the increase in weight 

in the late 90s. The lower density was due to inventions in packaging, newspapers, and a decline 

in the quality of ash released. He also informs that the motorisation of vehicles used for garbage 

collection led to a quick increase in service requirements and collection costs. As 

countermeasure packer trucks were introduced in Europe in the 1930s. One of the most popular 

disposal techniques of landfilling also originated in England in the year 1912 and gained 

popularity due to its low cost as its only constraint was its need for large empty spaces located 

close to towns (Barles, 2014). However, during the second world war, raw material shortages 

led to a reduction in garbage production and renewed interest in recovery processes (Barles, 

2014). 

The 1960s and 1970s witnessed the environmental crisis where the effects of industrialisation, 

consumption, and development were considered harmful to the climate. As a result, large 

political bills were introduced in the 60s and 70s such as the Solid Waste disposal Act in 1965 

and the Resource Conservation and Recovery Act in 1976 in the United States (Barles, 2014). 

In Europe, the European directive was introduced in July of 1975. All these acts stressed the 

necessity to reduce waste production at the source. They also implemented principles that 

emphasised taxation for the polluters which was later adopted by OECD in 1972 (Barles, 2014).  

One of the difficulties associated with the new acts was the involvement of citizens in the initial 

sorting of the recycling materials. This was due to the technological advancements that 

separated human contact with waste and devices of varied technical capability that replaced 

these activities along with outsourcing to private enterprises (Barles, 2014). In 2008, the 

concept of waste hierarchy was introduced in Europe contains five steps prevention, reuse, 

preparation for reuse, recycling, recovery, and disposal. The goal was to achieve waste 

minimisation. Hence, the social dimensions of waste management also have a significant effect 

on the success of a waste management system. To promote citizen participation, improve 

human health, and minimise air pollution it is required to understand the cycle of waste 
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management and identify the most critical aspect to develop more effective, safe, and efficient 

alternatives.  

2.2 Waste Management Cycle 

Waste management forms a part of the material cycle that encompasses all activities related to 

the extraction, production, and consumption of raw materials when we study any living 

organism as shown in figure 2 (Gareta, 2008). Individuals consider different waste disposal 

options such as throwing it at random, chucking it all in the trash, or leaving some garbage for 

recycling (Andersson & Stage, 2018). It all comes down to how a family or an individual 

chooses to live their lives, whether they are aware of waste segregation or not. 

 

Fig. 2: Waste production and collection cycle [adopted from (Gareta, 2008)] 

Figure 2 shows how the use of raw materials leads to waste generation, with additional 

processes that depict a cycle beginning with the extraction of raw materials as a prelude to 

production for use, which is followed by waste management procedures. On the other hand, 

recycling nowadays comes at a cost to the individual in terms of time spent (Andersson & Stage, 

2018). Considering the benefit of dumping trash in the bin to be zero for an individual, the cost 

is the money spent by the municipality for collecting residential waste along with the guilt 

associated with not recycling it (Andersson & Stage, 2018). 

2.2.1 Solid Waste Collection 

The collection is an important and most expensive aspect of the waste management cycle.  

Beliën, et al. (2014) estimated that the element of waste collection accounts for eighty per cent 

of all costs associated with the disposal/treatment/recycling of waste. A solid waste collection 

system includes varied methods of garbage collection. Several garbage collection systems are 

utilized to efficiently coordinate transport and segregate collected waste. Bilitewski, et al., 

(1997), shows the progression in the methods of collection of waste. But not all the transitions 
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are of significance. The focus here is on the evolution in the collection method that led to the 

use of the special collection systems of which pneumatic waste collection was a part. 

• Simple emptying - The trash from residential areas and small-scale business waste is 

collected using the simple emptying method. There are several distinct types of 

containers that are mechanically emptied into a designated collecting truck in this 

scenario (Bilitewski, et al., 1997). The container is returned to its original place when 

the emptying procedure is completed. 

• One-way method - Bags that are only used for one collection cycle are used in the one-

way technique. These containers are usually constructed of plastic, although they can 

also be made of paper. The advantage of this approach is that the collecting personnel 

does not have to return and clean the bags (Bilitewski, et al., 1997). The drawbacks 

include the fact that the collection crew must carry and hoist the bags from the facilities 

to the collection truck (often via stairs), putting greater physical strain on them, and the 

amount is limited. 

• Special collection systems – To alleviate the physical strain on the collection personnel 

and to isolate human interaction with waste, pneumatic vacuum and hydraulic flushing 

methods were introduced. They combined collection and transport. However, the 

method failed to gain a foothold in Europe due to the increased physical and biological 

demand that is placed on the treatment plants.  

The special systems of Solid Waste Collection (SWC) include various considerations like 

operational and logistical activities, maintenance, health and safety, large capital and 

environmental concerns, consumer awareness, and destination facilities. These SWC systems 

can vary between nations due to differences in the factors like size of the population, financial 

status, traffic conditions, air pollution, human resources available, and the number of available 

collection vehicles. The same process is not applicable for collecting all types of waste as 

quantity and composition are different in residential and commercial areas. Residential areas 

produce organic waste, whereas industrial areas are common with demolition and construction 

waste.  

Waste from residential areas including organic waste, collectively called household waste is 

inherently the hardest source of waste to effectively manage. This is due to the large variation 

in the type of materials such as glass, paper, plastic, metal, and organics which are often mixed 

(Wilson and Velis, 2015). Safety of the collection crew is also paramount as their constant 

contact with waste components leads to deterioration of their health. This is evident from the 

evolution of waste management where clinical evidence was presented in the 18th century. 

These concerns led to the search for alternative waste collection technologies by researchers 

and governments worldwide. The same observation is made by Wilson and Velis (2015) who 

state a need for a sustainable solid waste collection method that offers improved sorting, 

collection, transfer, and disposal to alleviate concerns regarding health, economy, energy 

conservation, and aesthetic aspects of waste management. 

2.3 Need for Alternative Waste collection technologies   

In urban areas, waste is either collected by fixed stations or by door-to-door collection systems. 

Developed countries have fixed stations where people are supposed to dispose of wastes not 

collected at door, at the locations designated by local municipalities (Beliën, et al., 2014). 

Alternatively, in developing countries where door-to-door collection is more common, 

transport vehicles visit individual houses periodically. However, public participation is limited, 
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and it is quite common to witness, around the world, waste littered around the community 

collection bins (Beliën, et al., 2014).  

Transport vehicles also vary from standard designed to general-purpose vehicles depending on 

the economic status of the countries. The general-purpose vehicles are not efficient for waste 

transportation as compared to the highly mechanized vehicles used in the developed national 

economies (Shekdar, 2009). Regardless of the vehicle technology, municipalities sometimes 

find themselves inadequate to provide a regular waste collection in all urban residential areas 

which result in waste accumulation over time. Even if the number of collection personnel and 

vehicles are increased it is not cost-effective (Shekdar, 2009). This directly corresponds with 

the necessity to minimize fuel consumption concerning the growing environmental regulations. 

Hence there is a huge need for a sustainable Solid Waste Collection (SWC) model that includes 

improved waste collection, sorting, and disposal. 

One such improvised SWC model introduced was AVAC - Automated Vacuum Waste 

Collection. This method offers comparatively minimum cost for operation and fewer collection 

trips that positively affect traffic congestion and reduce greenhouse gas emissions 

(Kaliampakos et.al., 2016). Implementation of such an effective SWC system contributes 

toward improving sustainable future smart cities through environmental protection, public 

health protection, and poverty reduction (Wilson and Velis, 2015). Early adoptions of this novel 

technology were limited to planned residential areas or healthcare institutions. 

2.4 Factors influencing waste management systems 

Many innovation systems have weaknesses that make it impossible for new technologies to 

arise and expand. Function failures or system problems are terms used to describe these 

vulnerabilities. Consequently, an intelligent, and evidence-based innovation policy assesses 

how innovation processes are working, seeks to gain insight into system challenges, and 

establishes policies in response. According to Hekkert, M, et al, (2014) technology is an aspect 

of the innovation system because it both facilitates and constrains the actions of the system's 

actors. Even though multiple innovation systems may contain comparable characteristics, they 

may operate in quite distinct ways. As a result, assessing how innovation systems work is 

regarded as a major move forward in the subject of innovation systems analysis (Hekkert, M, 

et al., 2014). 

Despite the advantages these alternative waste management systems offer, a major barrier 

preventing the successful diffusion of these technologies are the factors that influence the 

implementation and adoption rates. However, the nature of influence can be both positive and 

negative. Hence, it is highly important for companies to assess these key influencing factors, 

which are discussed below, to ensure the successful dissipation of their waste management 

technologies. Cocklin and Moon (2020), also have expressed that conservation and 

management of natural resources through environmental policy which was solely the 

responsibility of public-sector authorities nowadays also requires the involvement of 

individuals, non-government organizations, communities, and the private sector in the case of 

environmental problems that require cooperation like waste management. 

2.4.1 Pollution and Innovation 

One major factor influencing innovations related to waste management systems is pollution. 

The most popular strategy for waste disposal in developing countries, with approximately 

eighty-five per cent of the world population (WorldData.info, 2021), is landfilling. The by-
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products of the anaerobic decomposition of the organic waste within these landfills were CO2 

and CH4 (Lou & Nair, 2009). Anaerobic decomposition of organic waste at disposal sites was 

estimated to contribute to 3% of the total GHG emissions in 2010 in its 195 member countries 

by the Intergovernmental Panel on Climate Change (IPCC). A project undertaken by the Food 

and Agriculture Organization of the United Nations estimated that 1.3 billion tons of edible 

food were wasted per year which was equivalent to one-third of global food production for 

human consumption in 2015. The project also estimated that the prevention of this waste alone 

would reduce total GHG emissions by 9% (Wilson & Velis, 2015). According to Bilitewski et 

al., (1997), “Waste generation in the EU is expected to be over 1.3 billion tons per year, with 

rates of growth equivalent to economic growth. Between 1995 and 2003, for example, both 

GDP and municipal trash increased by 19%.” As a result of this expansion, despite significant 

gains in recycling, landfills - the most ecologically damaging method of garbage disposal - are 

only slowly declining (ibid, pp. 3). 

Johnstone, et.al, (2010) provide the reason for this slow decline attributing it too meagre 

innovation relative to the rate of pollution which is creating difficulties to fulfil sustainable 

development goals. One of the empirical pieces of evidence that supports this argument is 

provided by Jaffe, Newell and, Stavins (2002) who argued that environmental policies lead to 

innovation which is reflected through increased patent activity. Lanjouw and Mody (1996) 

found that pollution abatement costs directly influence the number of granted patents. Thus, it 

can be safely assumed that higher pollution abatement costs lead to a higher number of patents 

granted which in turn leads to a higher rate of innovation. The higher pollution abatement costs 

inadvertently lead to companies investigating alternative technologies that are comparatively 

cost-effective than conventional waste management methods (ibid, pp. 1-2). The domain of 

solid waste management includes technologies used for waste disposal, incineration, energy 

recovery, material recycling, and waste prevention. There has been a significant decrease in 

patent activity in the domain since the early nineties. This is due to the difficulty accompanying 

defining search strategies for aspects of waste prevention, energy recovery, and material 

recycling. Hence countries have started to shift their focus to this domain in recent years. Public 

policies are necessary to tackle both these market failures. 

A well-developed environmental policy framework can affect the rate of innovation in pollution 

abatement technologies (ibid). However, both governments and firms cannot predict future 

possibilities of technology change, it is paramount to give innovators the flexibility to search 

for a wider potential means to comply with regulations. Thus, it is better to provide policy 

flexibility for better innovation than those provided by policy stringency (Jaffe, et al., 2003). 

2.4.2 Market-based Policies 

Earlier approaches used to regulate environmental policies were referred to as ‘command-and-

control’ where all firms were expected to fulfil the same target which was expensive and 

counterproductive as well. Direct regulations by nature consist of emission standards that are 

enforced. However, the accompanying technology mandates do not deal with all channels of 

pollution reduction. These regulations fail to encourage firms to adopt cleaner inputs and vice 

versa, the regulations for cleaner inputs for the production processes are not effective to deal 

with end-of-cycle. Heterogeneity among firms creates difficulties for regulators to set standards 

that lead to marginal costs for pollution abatement (Goulder & Parry, 2020). Lack of knowledge 

about the market and technology adds to this uneven nature of innovators and forces regulators 

to the direct regulation policy instruments (Vig, 2013). Sometimes policy goal standards set are 

too ambitious and carry the risk of not being achieved which in turn leads to political and 

economic disruption (Freeman & Haveman, 1972). The rigid nature of the direct regulations 
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serves as both a promoter and barrier. It acts as a barrier because the standards behave as 

roadblocks to innovation and complicity incentives. Policymakers started to shift to market-

based policies to avoid the political backlash that direct regulations create in certain scenarios 

(Keohane & Olmstead, 2016).  

Thus, recent studies come to the common conclusion that market-based policies are more 

efficient than direct forms of regulation. These regulations promote change in practices by 

market signals instead of directives related to pollution control levels and methods (Stavins, 

2003). Market-based instruments are believed to bring about higher rates of innovation than 

direct regulations as a greater fraction of technological innovation and adoption benefits is 

realized by the firm itself compared to direct forms of regulation (Johnstone et.al, 2010). To be 

able to establish the implications of the study results on the actors in the innovation system i.e., 

determine which actors are affected how it is necessary to have an overview of the 

characteristics and classification of the market/based policy regulations that we are going to 

determine and put forth as a supplement for future course of action. Some of the key 

characteristics of market-based policy instruments according to Stavins (2003), constitute: 

• Equalize marginal costs for pollution reduction across firms 

• Provide incentives to encourage companies to adopt better and more cost-efficient 

technologies 

• Classified into levels of policy intervention and carry ascending administrative costs for 

the firm: 

o Inputs – the tax on adulterated fuel 

o Emissions – the tax on emissions 

o Ambient concentration – human/environmental 

o Exposure – human/environmental 

o Risk/damages 

  

The market-based policy instruments can also be classified into the following categories: 

• Pollution charge – a fee for the pollution a firm or source generates 

• Tradeable permits – acceptable overall level of pollution is set, and companies are noted 

• Market friction reductions – reducing existing irregularities in the market which 

includes market creation, liability rules, and information programs. 

• Government subsidy reductions – provide incentives to address environmental 

problems. 

These market-based policy instruments are collectively called ‘harnessing market forces’ 

(Jaffe, et al., 2003). If these policy instruments are effectively implemented to design 

environmental policy, they encourage firms and individuals to innovate or moderate efforts 

towards pollution control to meet the policy goals.  

2.4.3 Environmental Policies 

In an innovation system, the market signals that promote change in practices are a result of the 

interaction between policymakers and the stakeholders. Keohane, Revesz, and Stavins (1998) 

believe that in such systems the stakeholders create the demand for environmental policies and 

the regulators offer support and make up the supplying side in a market. These market signals 

in the form of environmental policies are formulated by balancing the stakeholder demands and 

the capability of regulators to provide markets that promote more environmentally friendly 

innovations (Oates & Portney, 2003).  
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To build a strong case as to why changes to existing policies are necessary it is paramount to 

be familiar with what the existing ones are. It helps to explicitly indicate the areas where the 

changes are to be incorporated to improve diffusion rates of the alternative pollution abatement 

technologies. Stavins (2003) provides some of the environmental policies that are currently 

being utilized to control pollution which include: 

• Charge systems – include effluent charges, deposit-refund systems, and tax 

differentiation in the first set of policies. 

 

• Effluent charges – seven countries part of the Organization of Economic Cooperation 

and Development (OECD) in western Europe have emissions fees to reduce air 

pollution. In developing economies around central and eastern Europe, the charges have 

been used to restructure the environmental regulatory systems. In other regions, these 

measures have been ineffective due to high inflation, mismatch with marginal costs, 

high pollution limits, negotiable tax rates, upper boundaries for tax liability, 

exemptions, and inadequate regulatory systems. 

 

• Deposit refund system – used to reflect on the social costs of waste disposal. One 

method of controlling these costs is a front-end tax on waste parent sources which 

encourages firms to find greener alternatives or to recover and recycle the parent source. 

But the greener alternative costs are unreasonable. The workaround for this confusion 

is to combine a front-end charge and payable refund when the waste parent source is 

returned for recycling or appropriate disposal. The purchaser pays the deposit to the 

seller. This system is highly effective to tackle improper disposal. 

 

o Tax differentiation – subsidy, credit, and tax reduction for environmentally 

beneficial behaviour. 

And user charges, insurance premium taxes, sales taxes along with administrative 

charges fall under the second set of policies. 

o User charges – charges designed to finance services related to the environment. 

These charges are further categorized into transportation, municipal services, 

and product disposal user charges.  

o Insurance premium taxes – taxes imposed on industries or conglomerates to fund 

insurance for environmental risks associated with the production or use of 

taxable waste parent sources. 

o Sales taxes – a few of the categories under taxation are motor fuels, ozone-

depleting chemicals, agricultural inputs, and products. They are imposed to 

increase the general budget with environmental protection in foresight. 

o Administrative charges – are used to raise revenue to cover the administrative 

costs of environmental programs carried out by the governments. 
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3 Theoretical Framework 
Theory and the framework used to carry out the analysis and conclude the study is explained 

in detail. 

3.1 Innovation Systems Approach 

Innovation in the public sector is not a physical entity but a change in the exchange between 

service providers and their users. These innovations are integrated into society to provide goods 

and services to society in general and not only for select individuals. They help to create 

collective efficiencies together with collective rules and purposes. The diffusion of innovation 

to other organizations, geographical locations, and across borders is important in public sector 

innovations. However, Hartley (2005) states “Drivers in the public sector are to achieve 

widespread improvements in governance and service performance, including efficiencies, to 

increase public value.”  Hence innovation in the public sector is beneficial only when it 

increases in public value in the form of quality, efficiency, and fitness for service. Such 

innovations need to be evaluated considering the processes, impacts, and outcomes including 

the product. However, the role of policymakers and policy advisors in the innovation process 

also must be considered (Hartley, 2005). 

 

Since the market failure approach was deemed to be insufficient for policy making, a systems 

approach was considered by an increasing number of academic researchers (Bergek, et al., 

2008). The innovation system approach has a lot of leverage among policymakers. A system of 

innovation is a concept that puts together in a single framework, the aspects of good practice 

essential to support innovation. In other words, it offers a unified analytical framework for 

dealing with the various processes of knowledge creation, diffusion, and use, as well as the 

effects these have on productivity, competitiveness, and economic and social growth (Hartley, 

2005). This approach changed how knowledge development is seen and was the focus of 

research around the 1980s. 

 

The term "innovation" refers to the search for, development of, adaptation of, imitation of, and 

adoption of new technologies in a specific context (Borins, 2002). An innovation system, 

therefore, is a network of organizations within an economic system, that are directly involved 

in the creation, diffusion, and use of scientific and technological knowledge as well as the 

organizations in charge of coordinating and supporting these activities (Sternberg, 2009). 

Science and technology were viewed as separate entities contributing to the development of 

knowledge compared to the traditional linear approach where technical change was believed to 

be influenced solely by research in the core and applied sciences (Whitley, 2001). It moves the 

focus away from research, science, and technology supply toward the entire process of 

innovation, of which research is only one element (Newman, 2001).  

 

The other contributing aspect influencing the shift to the innovation systems approach was the 

increasing awareness among researchers studying innovation about the importance of 

experience (informal knowledge) in the development and implementation of changes in 

technology. Hence it was agreed upon that technology was variable based on the institution 

where it is implemented and was economically expensive to transfer between enterprises 

(Whitley, 2001). The rise in new industrial economies and the decline of the US economy 

around the eighties led to researchers investigating alternative ways to organize economies 

based on capitalism. This widespread investigation into the success of implementation and 

development of novel technologies paved the way to a better systemic comparison of 

irregularities in systems of different nationalities. The variations were seen to heavily depend 
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upon the institutions in the society as well as the systems of knowledge development and 

exchange (Whitley, 2001).  

 

However, while scholars and practitioners agree that the innovation system method is effective 

for advanced countries, it should be used with caution in developing countries due to the 

different environments (Kayal, 2008). When such an approach is offered in a developing nation, 

the suggested innovation system must be appropriate to the local social and economic 

conditions, rather than just attempting to imitate what has been done elsewhere (ibid). In an 

innovative systems approach, to promote the development of a novel technology there should 

be an encouragement for core technical institutions and inflow of technology along with a focus 

on creating a regional technical base.  

 

Systemic failures are more common in developing countries due to a lack of key institutions, 

inadequate system rules, and policy and institutional inertia. Policy and institutional inertia refer 

to the resistance to change where these developing countries remain locked in inferior 

institutional arrangements (Hartley, 2005). During the establishment of an innovation system, 

the sequence of adoption follows a systemic and sequential order that can be seen below. 

 

• reinforcement of primary and secondary education institutions before strengthening 

higher education. 

• policies for innovation such as tax credits for research and development should be a 

precursor to the promotion of venture capital for firms working on new technology. 

• Loan grants or education credits for higher education students should precede grants as 

they apply equally to a larger number of undergraduates. 

• Human resource development (all the above points) should run in parallel with the 

demand which is generated through incentives given to firms for the hiring of these 

human resources for R&D purposes (Hartley, 2005). 

 

Government intervention in this adoption is necessary through industrial and technology policy 

picking industries that offer important technological and other benefits. Progress is monitored 

using exports and discipline new entrants. governments also need to invest massively in skill 

creation and support institutions along with a careful selection of foreign direct investments to 

maximize inward technological spill overs (Hartley, 2005). 

 

However, according to Edquist (2004), this basic innovation system analysis lacked practical 

guidelines for policy making. To identify strengths and weaknesses for policy purposes, 

comparing the same system over time or different systems is necessary. This help to determine 

the drive to innovate. In a market with such a niche technology, it is difficult to find systems to 

compare (Edquist, 2004). Thus, the Technological innovation system analysis framework 

which assesses system performance and identifies factors influencing them was developed by 

Bergek, Jacobsson, Carlsson, Lindmark, and Rickne in 2008. The aim is to look at and 

determine how a specific technological area is developing in terms of the frameworks and 

processes that help or hinder it. 

3.2 Technological Innovation System Analysis 

Analysis of innovation systems for policymaking involves five steps of a mapping structure, 

identifying phases of development, identifying the functions of the innovation system, 

identifying barriers, and finally providing a guide for policy making. Below are the basic steps 

that are taken: 
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The analysis begins by examining the structure of the innovation system. These are the actors 

and rules that make up the system. Next, the system functions are evaluated. Seven system 

functions derived from theory are utilized and empirically validated. thereafter the functions, 

as well as the interactions between them, are examined. Finally, after determining the stage of 

progress of a technological innovation system, the system issues that are preventing it from 

working properly are identified. All the above steps collectively are termed a Technological 

Innovation System (TIS) analysis (Hekkert, M, et.al, 2014). 

3.2.1 Structural Analysis 

Innovation system components make up the structure of the innovation system. There are four 

different components: 

 

Actors are organizations that contribute to technology, either directly as developers or adopters, 

or indirectly as regulators, financiers, and so on. It is the actors in a Technical Innovation 

System that create, diffuse, and use technology through their choices and actions. The range of 

possible applicable players is vast, ranging from private to public actors, as well as technology 

developers and adopters (Hekkert, M, et al, 2014). 

 

To identify and evaluate the contributions of different actors, a value chain analysis needs to be 

carried out. First, we need to identify the set of activities a firm in a specific industry must carry 

out to deliver the innovation system to the market.  

The firm is visualized as a combination of subsystems each with its inputs, outputs, and 

transformation processes. According to Porter (1985), there is also consumption of resources 

that include money, labour, materials, equipment, buildings, land, administration, or 

management. The way all these activities perform will determine the costs and profits earned. 

Porter (1985), categorises activities within a value chain as primary and secondary activities:  

• Logistics, operations, marketing and sales, and service are considered primary activities.  

• Procurement, human resource management, technological development, and 

Infrastructure are categorized to be the secondary activities. It is an alternative to 

evaluate companies when there is a lack of publicly available data related to primary 

activities due to direct competition (Porter, 1985). 

  

Institutions: Institutional structures are one of the core factors of the innovation system 

concept. Institutions are commonly referred to as a society's "laws of the game," or, more 

formally, as the humanly devised restrictions that shape human activity. Formal institutions are 

defined as laws that are codified and imposed by any authority, while informal institutions are 

more implicit and organically influenced by the mutual activity of actors (Nelson, 1993). Even 

though informal organizations have a significant impact on innovation speed and direction, they 

are difficult to map systematically. As a result, we concentrate on the structured policies in 

place that are likely to influence the development of the focal technology while mapping the 

innovation system structure (Hekkert, M, et al, 2014). 

 

Networks: Actors operate in networks (e.g., In fig. 3) in the innovation system, which is the 

core concept of the innovation system framework. Social phenomena could be explained better 

when relations among actors are evaluated. Relational data is collected and organized in matrix 

form. Actors are represented as nodes and relations between them as lines. This allows us to 

identify empirical indicators of the interpersonal relationship between the actors. That is the 

directional influence actors have on each other and the scope of the influence. Is it based on 

technological or geographical limitations, or is the influence universal? (Chiesi,2015) The idea 

of networks eliminates the confusion between the local and global views of a more traditional 
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social theory. The word networks simply denote a global enterprise that is constantly connected. 

The actors become critical based on the number of connections it leverages or how it loses 

importance when it loses the connections (Latour, 1996). 

 

Fig. 3: Sample Network Diagram [adopted from (Cross, et al., 2019)] 

Technological framework: Objects and technical infrastructures form technological 

frameworks into which the network actors are integrated (Fig. 4). Considering the basic 

structure of an innovation system as shown below, financial and support organizations act as 

the base of the entire system which is essential for all the other activities in the network 

(Wakeford, et al., 2016). Financial and support organizations include angel investors, venture 

capital, banks, business associations, and professional associations. Pillars for the innovation 

system include demand from suppliers, installers, and consumers; research from institutes and 

private labs; education from higher education institutes and professional training centres 

(Wakeford, et al., 2016). The core of the system is the industry which comprises raw material 

suppliers, firms, subsystem suppliers, and maintenance or service. This makeup the key actors 

necessary for the basic functionality of the system. The superficial actors that are not necessary 

for functioning but regulate the legal and social implications of the innovation system in civil 

society include targets, policies, and programs. Some are binding such as laws and regulations 

and some are guidelines for healthy business practices such as ethics and social norms (Bergek, 

et al., 2008). 
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Fig. 4: Structure of an Innovation system [adopted from (Wakeford, et al., 2016)] 

 

3.2.2 Determining the Phase of Development 

To determine which system function is the most problematic, we must link the functioning and 

fulfilment of system functions to the phase in which the Innovation System is currently. In any 

given phase of development, not every system function is equally important. In each phase of 

development, the functioning and structure of the system are different. In the pre-development 

stage, the most important function is knowledge development (Bergek, A et.al., 2008). For the 

development phase, there are two critical functions of entrepreneurial experimentation and 

knowledge development. Then the take-off phase is entrepreneurial experimentation and 

counteracting resistance to change. Finally, for the acceleration phase, it is the market formation 

that is crucial. It can be identified with the help of figure 6 where the function with the highest 

number of relations that occur in any given phase (ibid). The development of the innovation 

system takes place over time and through stages, resulting in a collective fulfilment of the 

system's functions. If the technology has been widely adopted, the TIS should have reached a 

certain level of maturity. The degree of technology diffusion, on the other hand, is determined 

by the scale of a TIS which is determined using a diffusion curve (see figure 5).  

 

The TIS is positioned on the diffusion curve to assess the stage of its growth (Hekkert, et al., 

2011). The diffusion curve of technology is an S-curve that represents the scale of technology 

diffusion. The curve depicts the technology's growth, implementation, and eventual diffusion 

(Hekkert, et al., 2011). The S-curve is broken down into many stages. The first stage ends with 

developing a prototype. The first commercial application occurs at the end of the development 

phase when the invention or device reaches the market without any subsidies. The technology 

or commodity then starts to witness distribution in the take-off phase, and the diffusion 

increases exponentially in the acceleration phase. Once the technology achieves market 

saturation the diffusion rates start to stabilise. 
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Fig. 5: TIS Diffusion S-curve [adopted from (Hekkert, et al., 2011)] 

3.2.3 System Functions 

Even though different innovation systems can share common elements, they may operate in 

quite diverse ways. As a result, measuring how innovation systems work is recognized as a 

significant advance in innovation systems research. A range of scientific articles (Hekkert, et 

al., (2011), Hekkert, et al., (2007), Lyasnikov, et al., (2014), Johnson, (2001)) offer lists of 

assessment standards for assessing the effectiveness of innovation systems. The key factors or 

system functions considering the criteria of innovation systems are consolidated from the 

articles mentioned above and are presented as follows: 

1. Entrepreneurial experimentation and production - dependent on the actors present in 

the industry 

2. Knowledge development - the quantity and quality of research and the number of 

publications and patents 

3. Knowledge exchange - the extent of information flow between different stakeholders 

of the network 

4. Guidance of the search - is the vision for the development of industry and market 

facilitated by regulations and common to key stakeholders? 

5. Formation of markets - is the market size estimated for the near future sufficient to 

sustain the technology compared to its present scale? 

6. Mobilization of resources - sufficient human, financial and physical resources for 

supporting the necessary rate of diffusion of the innovation system 

7. Counteracting resistance to change - average length for a project and resistance to 

adopting the new system 
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Fig. 6: Functional Patterns [adopted from (Hekkert, et al., 2011)] 

Figure 6 illustrates the different functional patterns that can be seen in each of the development 

phases. Wherein, the black arrows reflect the relationships that exist in the current phase. The 

grey arrows represent the relationships that existed in previous phases and continue to survive 

to strengthen the technology's growth into the second or third phases (König, B., et al, 2018). 

In the pre-development process, knowledge development is expected to be the most critical 

system function. The bad output of other system functions, such as knowledge exchange, search 

guidance, and resource mobilization, can harm this system's role (Lyasnikov, et al., 2014). As 

a result, during this step of the study, these four functions deserve the most focus.  

During the development phase, Entrepreneurial testing is the most important system feature, 

since the first trials and pilot plants would indicate if the invention worked in practice. However, 

as other system functions can affect entrepreneurial testing either positively or negatively, it is 

crucial to deeply analyse all the system functions in this process (König, B., et al, 2018). 

Further, Entrepreneurial experimentation and production are crucial during the take-off phase 

and entrepreneurs should focus on being system builders. As a result, resolving resistance to 

change and maintaining legitimacy is an important system function. Search guidance, resource 

mobilization, and market formation are also crucial supporting roles (Murray & Tripsas, 2004). 

Considering the acceleration phase, market formation is the most critical system function as 

increasing the market fuels the innovation system's development and diffusion. Entrepreneurial 

production, resource mobilization, and search guidance form the supporting functions, whereas 

other roles are likely to be less significant. 
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The penultimate step of the analysis involves scoring system functions on a scale of 1-5. 

Depending on the stage of development, the functions with the lowest scores are identified as 

the most troublesome which act as barriers. In a spider diagram as shown in fig (7). Further, the 

extent of fulfilment of every system function is mapped and the largest barriers are targeted by 

policy changes that need to be incorporated (Hekkert, et al., 2011). 

 

Fig. 7: Function Fulfilment Overview [adopted from Hekkert, et al., (2011)] 

3.2.4 Structural Cause for Functional Barriers 

The barriers originating in the structure of the system can be resolved by identifying the 

problem within. Further, identification of the problems is followed by establishing the relation 

between cause and barriers. If multiple innovation systems exist, then the resulting barriers can 

be determined based on the lack of structural components or lack of quality (Hekkert, et al., 

2011). Moreover, barriers also help in estimating the effect that the structural components have 

on the functioning of the system wherein, some of these functions either improve or worsen 

due to the structural problems. 

3.2.5 Obstacles to Policy Goals 

Policies that help companies to be more efficient and incorporate wider social goals (growth, 

jobs, and sustainability) are termed to be innovative policies (Hekkert, et al., 2011). To create 

these innovative policies various tools are utilized to support establishing a framework such as 

human resources, internal market, intellectual property rights, and providing access to various 

utilities like finance, benchmarking of policies, collaboration, and demand stimulation 

(Hekkert, et al., 2011). stimulation of demand is achieved through standards, public 

procurement, and regulations. The selection of the appropriate policy-making tool is based on 

the structural cause identified by their respective functional barriers. The geographical and 

technological scope of the innovation system also has a role to play in the selection of the 

policy-making tool. Emerging technologies always provide new opportunities which in turn 

leads to new policy goals that may change over time. Finally, the system's optimum 

configuration is identified based on the defined policy target. Policy targets or goals are visions 

of the governing organizations concerning the contribution of waste collection systems that are 

beneficial to society which can be both short-term and long-term (Hekkert, et al., 2011). 
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4 Methodology 
The methodology section allows us to outline the overall approach and logic of the research 

including limitations and aspects of trustworthiness. 

4.1 The connection between Research questions and Methodology 

To be able to respond to both research questions, we primarily focused on the current state of 

waste management and challenges/barriers that exist in moving toward sustainability transitions 

in terms of implementing the pneumatic underground system as an alternative solution for waste 

collection in traffic-intensive areas. The data collection method utilised is primarily based on 

literature review and semi-structured interviews. interviews were conducted to obtain 

information on the specifics of how a pneumatic tube system can be sustainably implemented. 

However, the literature review was designed to support and provide information about the 

factors influencing the implementation and adoption of alternative technologies. An illustration 

of the connection is shown below (Fig. 8). 

 

Fig 8: Illustration of the connection between research questions and methodology 

4.2 Epistemological and Ontological Considerations 

According to Etzkowitz and Leydesdorff (2000), the method of technological innovation 

system analysis considers the logic of knowledge generation about the political and economic 

infrastructure of the larger society. Therefore, the nature of reality or presumptions concerning 

the world (Ontology) is constructivist for this study. That is, social phenomena and their 

meaning are established through interaction among social actors and the presumptions 

concerning the nature of reality keep changing due to constant revision from social interaction.  

Since the methods are utilised to generate knowledge about the political and economic 

infrastructure involving larger societies, the epistemology, or the strategy to collect/generate 

data must be able to recognize the difference between people and natural sciences. Thus, the 

researchers identified the subjective meaning of social interactions. Hence this research 

followed an interpretive epistemology (Bell, et al., 2019). 
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4.3 Research Approach and Design 

The theoretical framework of the Technological Innovation System (TIS) analysis is used to 

generate knowledge about the political and economic infrastructure surrounding the technology 

of pneumatic underground waste collection. Hence it is used for the generation of theories. 

Therefore, it follows an inductive approach to understanding the relationship between theory 

and research, and hence the research design is distinctly qualitative (Bell, et al., 2019). 

Qualitative studies often disagree with beliefs of the natural scientific model and positivist 

approaches in favour of the notion that the nature of reality is based upon how individuals 

interpret their social world. Qualitative studies can also be distinguished from quantitative 

studies based on the presence or absence of quantification of the results. Further, there have 

been instances of qualitative approaches also being employed to test theories rather than 

generate them (Bell, et al., 2019).  However, the TIS analysis framework only aids in analysing 

responses collected from the interviews to identify the most problematic system functions (Bell, 

et al., 2019). The goal is to identify the areas in policy where changes are necessary based on 

the existing set of environmental goals. Thus, the study is distinctively qualitative as it is used 

to generate theory, related to environmental policy. 

 

This study evaluates the pneumatic waste collection system in the geographical boundary of 

Sweden. The detailed examination and analysis of the complexity and nature of any research 

topic are called a case study and this design is widely used and popular in business research 

(Bell, et al., 2019). A case can be based on a single person, event, organization, or location 

(ibid, pg. 63). Also, there are several types of case studies such as intrinsic, instrumental, and 

collective case studies. Intrinsic case studies are carried out to understand the distinctiveness of 

a situation. Thus, this case is deemed to be qualitative and tends to be inductive as the research 

is used to generate theory (Bell, et al., 2019). 

4.4 Data Collection 

Each function of an innovation system has a collection of diagnostic questions that must be 

asked to experts to determine if the activities are appropriate and whether any of them pose a 

barrier to the growth of the technology. Since each invention is special and differs depending 

on the area and configuration of the technology, it is difficult to test such systems solely based 

on quantitative data (Bell et.al., 2019). As a result, semi-structured interviews with experts in 

the field of pneumatic tube delivery technology are used to collect data. 

4.4.1 Secondary Data 

Online databases were used to find relevant references to construct the literature review which 

served as the basis for determining the methodology. The main databases used were the Uppsala 

university library, Science Direct, and JSTOR. The initial main keywords for the search criteria 

were Technological innovation systems, waste management, and environmental policies. All 

types of sources were utilised such as peer-reviewed journal articles, books, book sections, 

reports, conference proceedings, and government websites along with business reviews. The 

theory section has been constructed from the source provided by the supervisor with 

supplements drawn from the bibliography of the parent source or through using cited reference 

search and associated keyword search to explain terminologies. There was no limit levied on 

the age of the research articles. This was due to the widespread distribution of the source 

materials and the age of technology. The background constructed to clearly understand the 

context of the research question was utilised to formulate the problem. For the literature review 

section, the papers or sources selected were ones with the maximum number of citations to 

make room for more scientific discourse. Exceptions were made when the quantity or nature of 
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papers relating to specific terminologies was scant or incredibly specific. The empirics section 

about the firm and its technology derived data solely from the company’s website, a conference 

proceeding from the local municipality, and a pitch presentation of which the last two sources 

were provided by the supervisor. For determining the appropriate methodology, the main source 

was Business Research Methods by Emma Bell, Alan Bryman, and Bill Harley. 

4.4.2 Sampling 

The interviewees are chosen using the snowball sampling method. Like convenience sampling, 

it involves making initial contact with a small group of people who are relevant to the study. 

Snowball sampling is not random in any sense because the population from which the sample 

is selected is indefinite. However, Bell et al., (2019) argue that if one does create a sample 

frame it would be inaccurate at a later point in time as people constantly keep getting associated 

and dissociated from the decision-making network. That is, one of the problems with snowball 

sampling is that it is not representative of the population but defining a population itself is 

problematic most of the time. External validity and generalizability are not paramount in 

qualitative research. In this systems approach study, we have used it as it is recommended when 

a network of individuals is the point of focus. Bell et al., (2019) define that the sampling method 

involves the researcher selecting an initial group of a few people relevant to the research topic 

and these participants suggesting more participants relevant to the topic. The initial participants 

were individuals from the Envac AB and Omni loop following which these participants 

suggested individuals with experience in all facets of waste management. This sampling method 

was chosen due to the shortage of companies involved in the domain of pneumatic waste 

management and making direct contact did not yield responses. Hence, it was considered to 

initially contact individuals from one of the companies and later build the sample size through 

further contacts provided until empirical data was considered sufficient to carry out a thematic 

analysis.  

4.4.3 Sample Size 

When theoretical considerations guide selection it is difficult to establish the sample size at the 

start of the study. Many authors argue over the minimum number of interviews that is required 

for a qualitative interview to be published ranges from 20 to 60 (Rowlands, et al., 2016). Based 

on the type of interview or study characteristic these numbers can be significantly lower as an 

exception. Bell et al, (2019) believe that size of the sample considered which can support 

concrete conclusions, change according to the situation in the purposive sampling methods and 

it is up to the researcher to select a sample size such that it is not too small which leads to data 

inadequacy and not too big so that it is difficult to carry out a deep, case-oriented analysis. With 

the interview guide consisting of eight questions, each interview is likely to take a little over 40 

minutes (approximation of 5 minutes for each question in addition to familiarization with the 

interviewee) and with the specific nature of the diagnostic questions, it can easily yield 

theoretical saturation with a fewer number of interviews. 

4.4.4 Semi-structured Interview 

A semi-structured interview (SSI), employed in the current study, starts with a list of questions 

on specific topics that need to be covered but the interviewee has flexibility in replying. The 

list of questions used is called an interview guide and is detailed below. During the interview, 

the questions might not necessarily need to be asked in the same sequence as it is in the guide. 

Follow-up questions might be included based upon the responses the interviewer observes to 

be repeated by interviewees. Focus on an SSI is how the participant understands and frames the 
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issue or event in question. This involves what the participant considers to be paramount in 

explaining and understanding patterns of events and forms of behaviour. In qualitative studies, 

when the author starts with a more targeted research topic, most often the interviews are semi-

structured to concentrate on the specific issues. The level of flexibility is based on the method 

of data analysis and the interview might be more/less structured. In this study, since the 

interview guide is extracted from a set of existing questions related to different system 

functions, the level of flexibility in the questions is closer to the lower margin. 

4.4.5 Interview Guide 

An interview guide comprises a brief list of areas to be investigated in the research issue. The 

guide is often offered to participants as a copy beforehand for them to prepare and tailor their 

responses to better match the research topic of the interviewer (Bell et.al., 2019). This in turn 

helps to improve the dependability of the study. The interview guide also helps the researcher 

to understand the social views of the participants. basic factors that need to be considered while 

preparing an interview guide are as follows: 

• order the topic areas to ensure that questions flow well but should be prepared to alter 

the sequence during interviews 

• formulate questions that aid in answering the research question 

• use language that is comprehensible and relevant to the participants 

• abstain from using leading questions 

• remember to enquire about general information about the interviewees if deemed 

necessary for the research topic or professional summary to be used for contextualizing 

people’s answers 

The assessment standards presented in section 3.3 are used to develop a set of diagnostic 

questions that can be asked to experts working with all aspects of waste management systems. 

This set of questions behave as the interview guide for the semi-structured interviews we 

intend to carry out and are available below. 

1. Why do innovations always face difficulties in being implemented? 

2. What can be the barriers that need to be overcome so people adopt the underground 

waste transport system? 

3. Is there a clear vision of how this industry and its market should develop? 

4. Are the visions and expectations of actors involved sufficiently aligned to reduce 

risks? 

5. Is the amount and quality of knowledge development sufficient for the future 

development of the waste management system? 

6. Is there enough knowledge exchange between science, industry, and users? 

7. Is there sufficient knowledge exchange across geographical borders? What are the 

problematic parts? 

8. What is the average length of a project? Does its setup involving obtaining permits 

face a lot of resistance? 
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4.4.6 Interviews 

The basic empirical data for this study were mostly gathered through interviews, which is the 

most common qualitative research approach (Bell et.al., 2019). The interviews were performed 

in a semi-structured format with a flexible meeting time through Zoom to study policy 

requirements. The interviewees then have the chance to accept or decline the invitation or 

propose other individuals whom they believe would be more knowledgeable and therefore will 

be more appropriate. During an interview, the interviewees were asked if they agreed to the 

interview to be recorded for transcribing purposes (Bell et al., 2019). The interview participant 

data is tabulated  below (Table 1). 

Table 1: Interview Participants 

 

Interviews Using Zoom 

Software applications such as zoom offered greater possibilities for synchronous interviewing. 

These interviews were like telephonic interviews but with the added possibility of face-to-face 

interaction via webcam. It enabled visual elements like a face-to-face interview along with other 

added advantages such as: 

• zoom interviews were more flexible compared to face-to-face interviews as 

accommodation of last-minute adjustments to scheduling was possible 

• evident time and cost savings as there was no need to travel to meet up for the interview 

which was helpful as the participants were based in different geographical locations 

• the convenience of being interviewed remotely encouraged certain people who earlier 

were not eager to be a participant (UAE) 

 
Date 

 
Gender 

 
Organization 

 
Duration(min) 

 
Place 

 
Type 

 
21-Apr-21 

 
Female 

 
RISE Institute 

 
58 

 
Sweden 

 
Zoom 

 
30-Apr-21 

 
Female 

 
RISE Institute 

 
62 

 
Sweden 

 
Zoom 

 
01-Jun-21 

 
Female 

 
RISE Institute 

 
54 

 
Sweden 

 
Zoom 

 
20-Jun-21 

 
Male 

 
Anonymous 

 
41 

 
UAE 

 
Telephonic 

 
13-Jul-21 

 
Male 

 
Researcher from 

Lund 

 
97 

 
Sweden 

 
Zoom 

 
08-Aug-21 

 
Male 

 
Envac AB 

 
76 

 
Sweden 

 
Zoom 
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• fewer concerns about the safety of the participants/researchers in interviews conducted 

at night as they did not need to travel and could attend/ interview from the comfort of 

their homes. 

• The interviewers’ ability to secure rapport was not hindered compared to face-to-face 

interviews 

Some limitations that were observed: 

• Technical errors and non-uniform access to Wi-Fi connection and familiarity with using 

Zoom. 

• Quality of connection made the flow of the interview staggered resulting in breakage of 

speech which led to poor recordings and transcription becoming difficult. 

• The visual identifiers were recognized by the participants based on the other person’s 

gender, age, and ethnicity. 

• some studies also suggested that online interviewees were more likely to be absent for 

an interview compared to face-to-face interviews 

With the uncertainty surrounding the pandemic's length, it was better and safe to use such a 

software platform to perform interviews. Since most of the interviewees were residents in 

Sweden, access to a quality wi-fi connection was not an issue. Fast and reliable transcription of 

the interview recordings using Microsoft Word online proved to be easy. Since all the 

interviewers and interviewees shared a common interest in the topic under discussion the 

responses were not affected by visible characteristics. 

4.5 Thematic Analysis 

Phases of thematic analysis are described by Braun and Clarke (2006) as a systematic approach 

to viewing and analysing qualitative information using coding. These phases include: 

• Data familiarization: the step entails transcribing, reading, and re-reading data and 

noting down initial impressions. major ideas are highlighted and noted for each of the 

transcripts 

• Generating initial code: coding interesting quotes in a systematic manner for the 

complete data collected. codes are small phrases or keywords representing a particular 

sub-theme 

• Searching for themes: codes are integrated into themes. the process is repeated to filter 

the number of codes and categorize them into appropriate themes 

• Reviewing themes: generating thematic maps to check the relation of codes at the initial 

level to the entire data set. 

• Producing the report: key statements are used to reflect on data and extract conclusions 

and visual representations 

The aim while conducting the thematic analysis was to identify repetitions, indigenous 

categories, metaphors and analogies, transitions, similarities and differences, linguistic 

connectors, missing data, and theory-related material. Confined to the boundaries of this study, 

thematic analysis was conducted to provide a more detailed showcase of the data collected 

through the SSIs. It also aided to produce more engaging discussions about the points of focus 

necessary to further build upon which are necessary for the development of PUC as a waste 

management alternative and the status of the structural components supporting the innovation 

system of Pneumatic Underground Waste Management. 
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4.5.1 Coding 

Coding included naming parts that carried possible theoretical significance and was important 

in the context of the social world under study. It was the first key step in generating theory and 

carries the potential to be revised. Strauss and Corbin (1990) classify coding practice into three 

types: 

 

• Open Coding: this type of coding helps in generating concepts that are later grouped 

into categories. 

• Axial Coding: data is put back in a new order by establishing connections between 

categories by connecting codes to contexts, consequences, patterns of interaction, and 

causes 

• Selective coding: all categories of code are systematically related to the selected core 

category and integrated to validate the relationships. 

 

The coding used for this study was of the open type, as sub-themes and themes identified helped 

to answer the status of the innovation system and its social surroundings which in turn helped 

to answer how a pneumatic waste collection system can act as a link to future sustainable waste 

management systems. 

4.6 Limitations, Validity, reliability, and Generalizability 

Because of the qualitative aspect of the interview, evaluation of system functions is less 

naturalistic (even though it is mostly informal, it disrupts). In addition, because of new 

technologies geared toward customer adaptation, analysing the adaptation data is limited. 

Insufficient data could cause research to be delayed and time to be consumed, resulting in a 

lack of trustworthiness between the client and the people (Bell et al, 2019). Also, while 

analysing technologies, there are different domains for public intervention as some of them 

demand international policies and others fall under national policies. Hence, technology can be 

successful in some regions and fail in others (Hekkert, M, et.al, 2014). 

To simplify the identification and selection of participants for research, the study was limited 

to the geographical region of the Nordic countries and the technological constraint was to 

contact individuals working within companies who already have successful commercial 

applications of the underground pneumatic tube waste delivery system. The sampling method 

helps the researcher to reflect upon the relationships between people strengthening the stance 

of the epistemological approach undertaken in the study. Qualitative research is a fundamental 

scientific process (Sale and Thielke, 2018) and according to the alternative criteria for 

evaluating qualitative research provided by Lincoln and Guba (1985; 1984), it is 

dependable(reliable) when an auditing approach is adopted. Lincoln and Guba (1985; 1984) 

also proposed two main criteria for evaluating a qualitative study that is trustworthiness and 

authenticity. 

Trustworthiness includes the criteria, each being equivalent to a criterion in quantitative 

research, of credibility, transferability, dependability, and confirmability. They are like internal 

validity, external validity, reliability, and objectivity respectively, and are explained in detail 

below: 

• The credibility of findings includes the aspects of both confirming that the research has 

been carried out under norms of good research practice and submission of findings to 
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the research participants to ensure that the researcher has a clear understanding of the 

social surroundings. 

• Transferability - qualitative research often involves intensive study of a small sample 

population; the results are often unique to the aspects of the phenomenon or topic under 

study. Hence it is promoted to provide contexts of human social action along with the 

physical behaviours so that they can be better understood by outsiders. To understand 

these contexts, thematic analysis has been carried out as an extra measure to ensure that 

the discussions are more well-structured to provide a deeper understanding of human 

interaction with the innovation system components. 

• Dependability - adopting an auditing approach during the process of carrying out 

research, which is to keep complete records of all phases of the study in an accessible 

manner. Peers act as auditors and carry out reviews during and at the end of the research 

process to estimate the extent to which proper procedures have been followed. With the 

regular seminars and final peer reviews included as part of the thesis course, the aspect 

of dependability has been integrated well enough into all studies being published 

through the university. 

• Confirmability - is related to being able to confirm that the researcher has not allowed 

personal values or theoretical preferences to influence the conduction of the study and 

concluding it. It can be established by the auditors or in this case the peer reviews (Bell 

et.al., 2019). 

Within a qualitative research strategy, concerns regarding validity and generalizability are 

minor as the research is guided by the aim to achieve theoretical discourse rather than empirical 

proof (Bell et.al., 2019). Further, the evaluation of the system functions is also limited by the 

policy goal of the research. Here, it is to make sure that we can transfer to the future generations 

a society in which major environmental problems have been solved. 

4.7 Ethical Considerations 

According to Bryman and Bell, any researcher must evaluate diverse ethical aspects while 

performing a case study that involves multiple actors, particularly human participants. Four 

aspects are considered to ensure that a research project has been conducted ethically. They are 

harm to participants, lack of informed consent, invasion of privacy, and deception. 

Guidelines have been followed to ensure that the participants in this study are not harmed in 

any way. Harm might be physical, a challenge to self-esteem, stress, jeopardizing future 

employment or job security, and influence to perform condemnable actions. During the 

interviews, questions were asked regarding how the organization with which the participants 

work perceived the examined phenomena, rather than about the participant's views on the 

research topic. Because of the current Covid-19 situation, all interview meetings were done 

online to guarantee that neither the participants nor the authors were in danger of being infected 

or spreading the virus. 

Furthermore, all individuals were kept anonymous during the research, the data collected was 

used only for the research project and access to the data was limited to only the co-authors. It 

is often impossible to ascertain which questions might be sensitive or obtrusive to a participant 

and thus it is always recommended to inform the participant beforehand about the nature of the 

research and the possible questions it might enclose. The participants were also informed that 

the interviews would be recorded before starting the recording so that they would have the 

option to back out if they feel it impinged on their right to privacy. Thus, while contacting 

persons of interest through an electronic medium, information regarding the possible questions 
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and a brief description of the undertaken project were provided to ensure they would be 

prepared to answer or modify their answers based on the sensitiveness of the topic under 

discussion. 

The data collected was entirely and solely used for the academic purpose of completion of this 

project work and therefore no deception is involved. The participants were also clearly 

informed that the conducted interviews were for an academic project as part of the master’s 

degree program. 
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5 Empirics of Study 
Observations from the interviews are tabulated and separated into themes and sub-themes. 

Related data about the alternative waste management, its advantages, and limitations, and the 

firm Envac AB. 

5.1 Pneumatic Tube System 

Waste management has become difficult for municipalities where labour costs have been 

growing and the tax base is shrinking due to the transition to throwing away packaging and the 

prohibition of in-house incinerators (Kamga, Cet, et.al, 2013). In the 1970s the first pneumatic 

system for the collection of waste was developed in the United States, based on engineering 

articles from the early 1970s. Earlier, only large-scale publicly funded urban regeneration and 

housing programs were targeted by manufacturers to implement pneumatic waste collection 

systems. These systems began in the 1960s with a small initial setup in Sweden and were 

implemented by different companies across a few countries due to popular demand from the 

municipalities and governments. Roosevelt Island AVAC operation and the Mobile Pneumatic 

System are two types of pneumatic waste collection systems that were initially implemented.  

The below figure (Fig. 9) illustrates the Roosevelt Island AVAC operation diagram. Negative 

air pressure is used in pneumatic collection systems to move solid waste through a network of 

pipes to a central collection point, where it is compressed and packed into containers and 

transferred to a processing/disposal facility (Kamga, Cet, et.al, 2013). However, once the waste 

arrives at the collection point, it is passed through a cyclone separator, which spirals the heavier-

than-air waste down into a compactor while, the air in which the waste is entrained is raised 

into a fabric filter (Kamga, Cet, et.al, 2013). The fabric filter eliminates dust and pollutants 

before the air is cycled through the exhausts and finally vented out via stacks. 

 

Fig. 9: Roosevelt Island AVAC operation diagram [adopted from (Gibbs and Hill Engineers, 

1970)] 

 

Unlike before when people had to shuttle waste to designated drop-off points, waste receptacle 

boxes are now placed in house walls, or at the entrance to the buildings/dwellings. Generally, 
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the capacity of a drop-off box is 370 litres, Access to the drop-off box is through a stainless 

steel 380mm(Φ)x380mm(L) cover. The boxes are attached to an underground network of pipes 

which are generally made of stainless steel/aluminium and have a lifespan of about 30 years 

through which waste is transferred to a collection point by pneumatic suction or entrainment. 

The average depth is around three meters for the underground placement of pneumatic pipelines 

(Pérez et.al, 2020). An example of the placement of pipes for various utilities can be seen in the 

figure below (Fig. 10), which includes electrical or optical cables, wastewater, normal water, 

stormwater drain, long-distance heating, and suction pipes (left to right). 

 

Fig. 10: Placement of Pipes [adopted from (Bergquist et al., 2020)] 

It is possible to differentiate between mobile and fixed systems depending on the method used 

to produce the air stream that transports the waste deposited in the boxes. In the fixed system 

(Fig. 11), negative air pressure induced in the piping network by fans sucks the bags of waste 

deposited in the boxes to the collection centres that are situated in the periphery (Pérez et.al, 

2020). The various fractions of waste at the collection centres are stored in separate containers 

with volumes ranging from 25 to 30 m3 which are compacted before sending them to recovery 

/disposing plants. The collection centre houses the mechanical equipment and the control 

station for the entire system. To avoid the passage of vehicles through the residential areas, 

transport trucks are stationed near the collection centres (Pérez et.al, 2020). 

 

Fig. 11: Fixed pneumatic system [adopted from (Envac, 2021)] 

 

However, there are also systems in which the air suction is provided by the collection vehicle. 

A mobile pneumatic system, like the one shown in Figure 12, can be utilized to collect various 

source-separated waste streams/fractions. Instead of drawing different types of waste at a 

different time from their respective collecting tanks, a single transport vehicle can convey these 
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varied fractions where each fraction is collected separately using a specialized cyclone-

separator. Before each fresh fraction is collected, a switching valve links the trunk line to the 

cyclone separator. However, a dedicated transport with a compactor container is used when the 

different sources are collected individually (Kamga, Cet, et.al, 2013).  

 

Fig. 12: Mobile Pneumatic System [adopted from (Bilitewski, et al., 1997)] 

5.1.1 Advantages 

A few advantages of pneumatic systems compared to the traditional door-to-door collection 

according to Pérez et al (2020), are: 

• This system eliminates the use of both containers and trucks, which reduces noise during 

the process and the emission of air pollutants which affect local air quality 

• Can be utilised in hard-to-reach areas, narrow streets, and pedestrian areas 

• pneumatic collection system enables smart urban planning as it can be incorporated 

directly inside dwellings or buildings 

• Surface containers are eliminated by pneumatic underground systems, providing better 

landscapes 

• Unlike traditional approaches, these systems eliminate the open-air contact of waste and 

offer better appeal 

 

5.1.2 Limitations 

The key disadvantages of pneumatic systems are their high initial investment costs, the use of 

energy at the point of operation, and the need to carry out work during installation and in the 

event of failure. Pneumatic systems are prone to pipe clogging because of debris, corrosion of 

pneumatic equipment, inadequate lubrication, system operating at a pressure lower than 

recommended, poor maintenance schedule, or clogging of filters (Pérez et.al, 2020). Because 

of its extremely abrasive properties, glass easily wears away the metal pipes needing periodical 

replacement of the pipes contributing to unacceptable maintenance costs. Hence, the collection 

of glass is not considered. Due to the issue that large cardboard parts can block the pipes or 

increase the energy needed to suction or train them, the pneumatic collection of cardboard is 

also not considered (Pérez et.al, 2020). 
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5.1.3 Environmental Impact 

Concerning the power production mix impact on the total carbon footprint, a hydraulic, wind, 

or thermoelectric solar-based renewable mix decreases the environmental impact in all 

categories except for land use and ecotoxicity of freshwater. The effect of the energy mix used 

to operate the pneumatic waste collection has minor contributions to the carbon footprint of the 

technology when compared to that of raw material extraction and manufacturing method used 

for the pipes. The total carbon footprint is rarely lower than that of traditional waste collection 

methods (Pérez et.al, 2020). The environmental impact of pneumatic systems can be minimised 

by, reducing the usage of raw materials and operational energy, sustainable generation of 

electricity, and exploring new technologies and their development processes (Pérez et.al, 2020). 

5.2 Envac AB 

Envac AB is a Swedish company with leading technology in pneumatic waste collection. In 

1961, Envac developed a pneumatic collection system which is now used across the world 

(Envac, n.d.). They now design and install completely automated waste collection systems for 

residential and commercial buildings, hospitals, airports, industrial kitchens, and town centres. 

With the help of municipal corporations, they also train customers on how to use the system 

and sort waste (Shibutani, S,2010). Pneumatic waste collection is a method of transporting 

waste at high speeds through subterranean tubes to a collecting station, where it is compressed 

and sealed in containers. For more than 40 years, Envac has implemented and is currently 

operating various automated underground- waste collection systems in residential regions, 

corporate sectors, hospitals, airports, and flight kitchens.  

 

The waste collection system developed by the firm uses pneumatic pressure to collect both 

municipal and commercial waste (Envac, 2009). Waste is collected through pipes placed deep 

in the ground rather than by the collection vehicles that traverse residential neighbourhoods, 

resulting in reduced noise and greenhouse gas emissions. The technique improves the working 

conditions for waste collection personnel who employ traditional waste collection methods, 

such as the door-to-door collection of trash using vehicles (Envac, 2009). However, working 

conditions also improve because direct contact with wastes on-site can be avoided leading to 

less risk of infection, and this approach eliminates the need to collect and transport waste from 

bulky garbage bins (Shibutani, S,2010). Moreover, the application of this technology is not just 

limited to one location and has seen widespread implementation across continents like Europe, 

Asia, the Middle East, and America, with an increasing number of projects in the Nordic 

countries (Envac, n.d.). Companies such as Nordsense and Rubicon offer cloud-based smart 

garbage collecting solutions. They aid waste collection efficiency, by sensing when the 

collection is required. Sadako (AI-Driven) and Eagle Vizion (Optical) sorting devices assist 

industries in effectively segregating the garbage they generate in large quantities. 

Stockholm's waste management authority's planning and construction department believes that 

the area has recently reached a turning point as Envac has been installing its systems for special 

and immediate purposes for decades, wherever private developers are willing to pay. However, 

as of last year, the city has assumed responsibility for the pipe systems' installation and 

renovation and has planned to install them in new developments. In Stockholm, over one 

hundred Envac systems serve approximately 120,000 households, or roughly 20% of the 

Stockholm population (Quartz, 2020). According to Envac, instead of carrying out collection 

cycles by stopping at every point, waste from the collecting point can be transported in a single 

trip to the dump/recycling plant, which reduces pollution due to emissions by up to 90% (Envac, 

n.d.). 
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The town of Bergen in Norway serves as an example if Stockholm continues its commitment 

to be responsible for integrating the pneumatic system in city planning in the future. In Bergen, 

Envac pipes are being installed in every home and company in town, including the medieval 

city centre. The city has been able to introduce a "pay as you throw" tax system, in which 

households are charged depending on how much waste they produce (Quartz, 2020). Residents 

in Bergen must swipe a key that is associated with their home to open the vacuum chutes, 

allowing municipal authorities to assess how much trash they throw away. Residents are free 

to use the recycling and food waste chutes as much as they choose, but they can only open the 

non-recyclables chute five days a month before an additional fee is charged. However, it costs 

about 85 cents each time they take out the garbage, thereafter, intended to encourage residents 

to incorporate proper waste segregation. “When you have to pay as you throw, it naturally 

encourages you to sort the trash” (ibid). 

The figure below (Fig. 13), represents fixed drop-off boxes wherein the fractions of residual 

waste, food waste, plastic packaging, and paper packaging are commonly collected. Different 

coloured hatches indicate the different waste fractions i.e., the green hatch for food waste and 

the blue one for paper packaging, with the other two hatches for plastic packaging and residual 

wastes (Envac, 2020). 

 

Fig. 13: Drop-off Boxes [adopted from (Envac, 2021)] 

5.3 Phase of Development 

The phase of development must be determined to estimate the impact of various system 

functions on its performance and to identify the crucial system function. Milestones along the 

diffusion S-curve, as shown in figure 5, signify the transition of the technology to the next 

development stage. The pneumatic garbage collection system was under development from the 

1950s through the 1960s. However, the technology began the development phase when the first 

functioning prototype was produced in Skelefteå in 1961. It was commercially applied in 

Sundyberg municipality four years later, indicating a rapid shift from the development phase to 

the take-off phase (Preville, 2020). From the early 2000s, there was a sharp increase in project 

implementation, with most of the projects launched between 2010 and 2015 in northern and 

western Europe. The Roosevelt Island Project in 1975 was the only other project completed 
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during the 35 years between the installation at Sundyberg and the early 2000s (Envac AB, 

2022). 

5.4 Identified Themes 

Six primary themes have been discovered, and they have been subdivided into appropriate sub-

themes. Themes are created by recognizing common patterns such as similar phrases or 

sentences, as well as frequent terms with comparable meanings. The main themes are then 

investigated further to determine the challenges and facilitators (Bell et.al., 2019). 

5.4.1 Innovation 

Based on the findings of the interviews, investors and entrepreneurs are hesitant to experiment, 

unless new business ideas are presented. Most of the respondents discussed that inventions are 

always being experimented with, but only a few succeed. Based on actors and production, only 

some of them may go to the final stage, where the product or service will be introduced to the 

market. Anything new that differs from conventional methods will face significant challenges 

in the initial stages. According to a few respondents, a new product might fail on the market if 

it does not offer genuine value and hence cannot attract buyers. Alternatively, a new product 

may fail internally due to flaws in development, implementation, marketing, or unable to fulfil 

predetermined design quality/process clarity standards. The concept may be sound, but if the 

development process fails, it will perish. However, an average concept can yield a successful 

innovation if the innovation is developed and marketed with high commitment and planning. 

The below table shows the responses divided into sub-themes and the main theme. The codes 

used from the interviews to summarise all observations are tabulated below (Table 2). 
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Table 2: Innovation 

 

5.4.2 Knowledge Development 

It was a common consensus that a new stage in the scientific and technological revolution 

should correspond to a new stage in society's status. Also, some of the respondents expressed 

that in future, the duties of obtaining the latest information, mastering it via continual education, 

and applying the technology to society must prevail. Some expressed concerns that current 

knowledge is increasingly technology-centric, and its application may result in issues of 

framework rigidity for future generations due to which innovations might cease. One of the 

respondents quoted, “unless and until you try new things, you will never discover something 

new; similarly, if you continuously learn new things, your knowledge will expand on a certain 

issue, allowing you to become somewhat perfect in that field or to know the result that you are 

 
Code 

 
Sub-theme 

 
Theme 

 
Pay taxes to the government if you are dumping 

so that the people recycle 

 
Reliability towards 

goals 

 
Innovation 

 
In Sweden. We do not recycle concrete waste. 

but need to implement in future 

 
Vision on Growth 

 
Much more convenient to dispose of garbage in 

different fractions 

 
Sufficient Innovation 

 
Most innovation comes from start-ups 

 
Unless you have huge demand, they will never bring 

in large scale 

 
Large scale Production 

 
Anything new is different from our current level or 

the current product will have huge problems in the 

beginning stage 

 
Experimentation as 

Barriers 

 
Companies that dominate the market. It starts with 

money 

 
Governmental procurement laws say to buy only 

proven technology 
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attempting”. The codes used from the interviews to summarise all observations are tabulated 

below (Table 3). 

Table 3: Knowledge Development 

 

5.4.3 Knowledge Exchange 

The issue compelled us to spend additional time talking with the respondents and collecting 

data on knowledge exchange. One interviewee said, “When it comes to new products or 

services across industries or geographical borders, managers of engineering companies are 

interested in sharing information among their staff to improve project performance.” Another 

respondent discussed that global project-based businesses that operate in a variety of 

marketplaces are especially eager to pool their knowledge across projects and countries to 

acquire a competitive edge. Many innovators even assist companies across borders by sharing 

information through new projects to expand their business by implementing Memorandum of 

Understandings (MOUs) or other similar policies. Interviewees who were industry experts 

expressed that many countries have already implemented this technology in small size and these 

implementations help as knowledge sources. The codes used from the interviews to summarise 

all observations are tabulated below (Table 4). 

 

 

 

 

 

 
Code 

 
Sub-theme 

 
Theme 

 
Nowadays they are working more on 

generating knowledge 

 
Amount of 

Knowledge 

 
Knowledge 

Development 

 
Invite the civilians and educate them 

 
Many industries do not know the advantages 

of waste management 

 
Quality of 

Knowledge 

 
There is still a lack of knowledge in 

common public 

 
Auditability of 

Knowledge 

 
lack of knowledge among researchers 

 
      Barrier 
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Table 4: Knowledge Exchange 

 

 

 
Code 

 
Sub-theme 

 
Theme 

 
Outside knowledge to enhance their products or 

services 

 
Between Science & 

Industry 

 
Knowledge 

Exchange 

 
lack of knowledge and, we need to inform 

them 

 
Need to inform people about innovation 

 
Between User & 

Industry 

 
Focus on a new city every year 

 
Reach out through environmental policies 

 
Have some demonstrative projects and show 

them that this is feasible. 

 
Geographical Borders 

 
Countries are getting more focused because of 

environmental goals 

 

 
There are platforms for cross geographical 

border collaborations 

  

 
Miss a platform that connects suppliers and 

buyers 

 
Lack of shared 

Vision 

 
Need to inform industries better 

 
Acting as barriers 

 
Municipalities need to inform people 

 
No clear vision of technology development 

 
lack of knowledge when adopting 

recent technology 
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5.4.4 Market 

Marketing is a vital approach for ensuring your company's success. The industry experts 

strongly emphasised that, while existing clients always come first marketing activities can help 

in growing the consumer base. Trivial things like social media postings and email campaigns 

may help not only engage your current customers but also reach out to new ones. Based on all 

the interviewee responses Pneumatic underground systems are not well-known throughout 

Sweden but in some areas, municipalities have begun to introduce this technology to assess 

adoption rates. However, the installation process of the technology requires high capital and is 

not cost-effective in smaller markets. One of the respondents replied “For example, in a city 

like Stockholm, where there is a large market and population, it would prove beneficial. 

However, it would be a waste of money to invest in a pneumatic underground system in a 

village with a smaller population. Any business's bottom line is to make money, and marketing 

is a critical avenue for achieving that aim. Many firms would not exist if it were not for 

marketing, which is ultimately what generates sales”. The codes used from the interviews to 

summarise all observations are tabulated below (Table 5). 

Table 5: Market 

 
 

 

 

 

 

 

Code  
Sub-theme 

 
Theme 

 
The size of the market differs from one city 

to another 

 
Size of market 

 
Market 

 
Lack of government-owned property in a city. 

 
A missing place for knowledge between expert 

and industry 

 
Barrier of limitation 

 
lack of confidence of consumers 

 
If it is more expensive, they do not accept it 

 
Because of the municipality we just need to 

compromise 
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5.4.5 Resource Mobilization 

A few essential responses garnered from interviewees are listed below. From the responses, 

Resource mobilization can be defined as ‘activities involved in securing new and more 

resources for an organization.’ One of the respondents stressed that it also means making 

effective and efficient use of available resources. 

For the following reasons, resource mobilization is essential for every organization: 

• Ensures that your organization's service offering to clients continues. 

• The pneumatic waste collection system contributes to the organization's long-term 

profitability. 

• Allows for the enhancement and expansion of the organization's present goods and 

services 

• To stay in business, both the public and private sectors must be in the business of 

creating innovative ideas. It is also valid when the pneumatic underground system may 

collapse at some point due to a lack of resources. 

The codes used from the interviews to summarise all observations are tabulated below (Table 

6). 

Table 6: Resource Mobilisation 

 

 
Code 

 
Sub-theme 

 
Theme 

 
Sometimes compared to the machine-human need 

to fix the issues 

 
Human resource 

 
Resource 

Mobilization 

 
Anyone handling taxpayer money will be less risk 

inclined 

 
Financial resource 

 
Tenants of the apartments will pay the extra cost if 

any 

 
Implementation is far easier before an apartment is 

built 

 
Waste collection is cut down to a single 

trip 

 
a lot of political and financial changes supporting 

climate-friendly innovation 

 
Requires some infrastructure management 

 
Infrastructure 

 
None of the new companies has the financial 

capacity to build anything 
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5.4.6 Counteract Resistance to Change 

One of the respondents expressed that it is common for people to fall in love with anything that 

makes their work simpler, whether it is a product or a service. According to the respondent, it 

reduces the amount of time spent cleaning up waste at each entrance. One interviewee explicitly 

stated “Employees' reluctance to change is natural when they are expected to adapt. Change is 

unsettling, and it needs creative ways of thought and action to adapt.” Moreover, some 

interviewees expressed difficulty picturing what life might be like on the other side of a 

technological shift. Common discussion from the respondents was that people choose to follow 

existing methods rather than adapt to novel practices. The industry experts gave consensus that 

‘When compared to a freshly developed region, constructing a pneumatic underground system 

in an existing metropolis takes longer. More people will be inconvenienced in an existing part 

of a densely populated metropolis while the pneumatic underground system is being installed.’ 

The codes used from the interviews to summarise all observations are tabulated below (Table 

7). 

Table 7: Counteract Resistance to Change 

 

  

 
Code 

 
Sub-theme 

 
Theme 

 
longer lead times or longer planning cycles 

 
Length of the 

project 

 
Counteract 

resistance to 

change 
 

It all depends on how fast the house is getting built 

 
Human nature is geared to maintaining the status 

quo 

 
Resistance to 

change 

 
I do not see any barriers from people's point of 

view because it makes life easier for them. 

 
Difficult to implement once all buildings are built 

 
Barriers 

 
It will be a bit difficult for them to adapt themselves 
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6 Analysis 
The status of the system development and obstacles to achieving policy goals are determined 

with the aid of literature review, theoretical framework, and Empirics. 

6.1 Structural Analysis 

Porter’s value chain analysis is conducted to identify four separate actors who contribute to 

technology, either directly as developers or indirectly as adopters of the innovation system 

structure and are shown in Figure 14. 

• First is demand; the Swedish Environmental Protection Agency (EPA) along with the 

Ministry of Environment and the Swedish Society for Nature Conservation is looking 

for new alternative technologies to meet waste management goals, which leads to 

research on alternative technology.  

• The second activity is research; educational institutions are supporting actors. Ample 

background information is received from educational institutions such as universities as 

well as private research institutions such as RISE in terms of information exchange 

across varied backgrounds. 

• The industry is the third activity; there are many industries, but only a handful 

incorporates pneumatic technology as part of their portfolio. Envac Ab is the industry 

leader since 1961. The industry sources all the resources needed for building and 

maintenance of the pneumatic waste management system including finance, labour, 

materials, and equipment. The expenses levied on, and revenues obtained by society 

will determine how well all these activities perform.  

• Consumers are the last actors in the system since they use pneumatic waste 

management in their everyday lives. 

 

Fig. 14: Porter’s Value Chain 
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6.2 Phase of Development 

The fast market increase indicates that the technology has already entered the acceleration 

phase. The technology of underground pneumatic collection has already completed the take-off 

phase which is evident from its successful implementation in London back in 1853, despite its 

use for mail distribution rather than waste management. The stage of development in the 

innovation system is indicated in the image (Fig.15) shown below just before the stabilising arc 

of the technology diffusion curve. Technology adoption has already witnessed a rapid 

acceleration in north-western Europe. However, it still needs to achieve market saturation by 

addressing the concerns relating to the market formation which have been highlighted by most 

of the interviewees. 

 

Fig. 15: Technology Disposition (Hekkert et al., 2011) 

6.3 System Functions 

The main concerns highlighted by the respondents were the lack of government-owned property 

in a city, missing a platform for knowledge exchange between experts and the commercial 

industry, and the accompanying lack of confidence among consumers. However, the lack of 

confidence stems from the missing place for knowledge exchange between industry and users 

which in turn originates from the lack of government-owned property. 

6.3.1 Entrepreneurial experimentation and production 

Despite carrying a barrier of difficulty in implementation during earlier stages of the technology 

diffusion, experimental production carries negligible effect now as the technology is in the 

acceleration phase as seen in the figure below (Fig. 16). 
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Fig. 16: Determined Phase of Development [adopted from (Hekkert et al., 2011)] 

Most of the participants repeatedly mentioned cross-border knowledge exchange programs, 

government initiatives, and funding to support start-ups that work with sustainable transition 

technologies. Most of the participants discussed concrete waste recycling as a future possibility 

in waste management, which indicates that Innovators' and Researchers' visions for technology 

growth are well aligned. There is no shortage of innovation due to the innumerable start-ups 

that have been established in the recent past which have been successfully commercialized with 

Envac AB as the industry leader. There are also cloud-based smart waste collection systems 

from companies such as Nordsense and Rubicon. These systems help in efficient waste 

collection by sensing when the collection is required. Sorting systems from Sadako (AI-Driven) 

and Eagle Vizion (Optical) help in the effective segregation of the industrial waste generated 

in high quantities. However, the large-scale implementation of pneumatic waste collection 

systems is an issue unless it can be matched to huge demands. Without sufficient demand in 

the markets, investors are not too keen to invest in relatively new technologies. This leads to a 

technology being abandoned before a successful commercial application is achieved. The 

barriers that were discussed during the interviews are the incumbents in the market that are 

simultaneously accelerating and hindering competitors’ growth, and finance. In the case of 

waste management managed by city municipalities, procurement does not favour new 

technologies. In a few years, municipalities will be solely responsible for the collection of all 

household wastes. Areas around city centres and apartments previously reserved for waste 

collection/storage can be repurposed. However, due to the monopoly over the companies by 

the government, the companies are less inclined to invest in new technologies as the research 

is funded by taxpayer money. 

6.3.2 Knowledge Development 

Most of the participants discussed that research is being extensively carried out to increase the 

quality of knowledge regarding pneumatic waste management and its related technologies. 

Obtaining relevant and important information about the pneumatic waste management 

technology from the existing literature proved to be tedious and the quantity of peer-reviewed 

articles was very low. However, it became evident that governments have already started to 

organize knowledge sessions to educate the public on proper waste segregation methods, from 

the interviews. Moreover, general society lacks sustainable practices of waste management and 

industries are unaware of the advantages of the alternative technologies for waste management. 

Also, some researchers in this domain are unaware of all the alternative waste management 

technologies which act as a major barrier. 
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6.3.3 Knowledge Exchange 

Knowledge exchange turned out to be one of the system functions having multiple points of 

concern. Similarly, Science and industry also lack sufficient knowledge exchange between 

people and industry due to inadequate exchange of information sessions and lack of appropriate 

environmental policies to promote the adoption of sustainable waste management practices. 

knowledge exchange across geographical borders appears to be flourishing with demonstrative 

projects due to environmental mandates and platforms for cross-country collaborations. 

However, due to the lack of proper exchange of information among users, industries, and 

scientific organisations, a common platform for mutual exchange needs to be developed. Some 

members of the academic community themselves are unaware of the advancements. The 

barriers include lack of; awareness among people, clear shared visions of the technology’s 

growth, knowledge while adopting new technology, and the need to inform industries on better 

waste management alternatives. 

6.3.4 Market 

The market system function is the most problematic due to its unpredictable nature, based on 

the data collected. The market size varies depending on the city and some cities have an absence 

of government-owned real estate. Consequently, the barrier is the lack of a common platform 

for knowledge assimilation which results in customer mistrust leading to weaker marketplaces. 

Weak markets lead to more expensive innovations, and because waste management is primarily 

managed by municipalities, compromises are essential. This is due to the budget deficit many 

developing economies experience which has an impact on the quality of technology 

implementation and utilization. The budget deficit arises due to a government’s debt burden, 

the decline in economic activity, slower economic growth, a larger ageing population that leads 

to broad income gaps, and weak job creation abilities. 

6.3.5 Resource Mobilization 

Resource mobilization is well-developed according to the interviewees and is a critical aspect 

of organizational survival. Respondents mentioned a need for periodical maintenance but not 

as a barrier. Financial resources are balanced with less inclination to take risks through service 

payment mandates for tenants, incentives for implementation in new residential areas, and 

reduced traffic congestion with numerous political and financial changes supporting climate-

friendly innovations. Barriers identified in this system function are requirements for 

infrastructure development and the financial inability of new companies to fund large projects. 

6.3.6 Counteract Resistance to Change 

Resistance to change is particularly strong due to the human tendency of maintaining the status 

quo and creates difficulties for the adoption of alternative waste management technologies. The 

resistance to new projects depends on the speed at which houses are constructed. Renovation 

projects, it is dependent on lead times and planning cycle lengths. Longer planning cycles and 

lead times often extend the length of the project. It is also difficult to implement the new 

technology in existing residential areas because people are hesitant to adopt the new system 

and its implementation carries higher capital costs. 
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6.4 Identifying Structural Causes of the Barriers 

To summarize the empirical findings and identify the most problematic system functions a 

spider diagram (Fig.17) is constructed by assigning scores to the system functions on a scale of 

0 to 5 where zero is the most problematic and five is the least problematic. The system function 

of the market is rated as one due to the instability and lack of policies to regulate it. Policies 

have been changing in the recent past with more preference for market-based regulations over 

direct regulations such as standardizations. The market is closely tailed by knowledge exchange 

with a score of 2 due to missing platforms for information exchange between users, industry, 

and academia. Knowledge development and counteracting resistance to change carry average 

scores with the empirical evidence gathered from the participant data balancing the liabilities. 

Innovation is scored 4 due to alternative technology ideas from start-ups already being 

commercialised with aid of governments and visions for growth well aligned to policy goals. 

resource mobility is scored 5 as existing incentives for innovation, adoption, and policy 

framework more than compensate for the barriers.

 
Fig. 17: System Function Overview 

6.5 Obstacles and possible Policy instruments to drive changes in policy 

A well-developed environmental policy can affect the rate of innovation in waste management 

technologies (Johnstone, et al., 2010). Relations between the market and the rate of innovation 

can be better understood if favourable environmental policies are constructed to strengthen the 

markets for sustainable waste collection systems. Weak markets often produce expensive but 

inadequate technologies which can be extremely difficult to implement.  Markets for 

technology and ideas must follow four market design principles such as market thickness, lack 

of congestion, market safety, and control of commerce regions outside the regular range of 

market transactions (Fosfuri & Giarratana, 2010). The market is said to be thick if both buyers 

and sellers have access to a diverse range of possible transactors. Lack of congestion means 

that transaction speeds are rapid enough to assure market clearing but are slow enough to look 

at other alternatives. The market is said to be safe if actors are not encouraged to undermine the 

abilities of others to evaluate future trade possibilities (Gans & Stern, 2010). Markets that are 
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unable to fulfil these requirements face immoral exploitation of novel technologies one main 

reason being weak intellectual property rights (Fosfuri & Giarratana, 2010). 

 

The solid waste collection does indeed vary among countries not only due to various factors 

like population size, financial status, traffic conditions, air quality, available human resources, 

and collection vehicle quantity but also due to the stringency or flexibility of the environmental 

policies that have been placed to realize sustainable development goals. Political and financial 

incentives for climate-friendly innovation improve pollution moderation efforts and also the 

success rate of start-ups in the domain of waste management. One of the respondents mentioned 

that industries in developing economies have comparatively a weaker pool of research 

institutions and private labs. Inferior institutional arrangements can also be an important reason 

for insufficient innovation in developing countries due to the variations in the environmental 

policy goals. Realising radical changes in the sector is difficult unless there is a foreign direct 

investment (FDI) or a platform for exchanging knowledge across borders. Also, the industries 

and users in common fail to see the advantages of the alternative waste management systems. 

However, with FDI it is possible to improve the quality of the knowledge development 

institutions and information exchange platforms to inform the public about effective waste 

segregation and management. Generally, humans tend to follow familiar arrangements and have 

high resistance to change which often makes it difficult to restructure the institutional 

arrangements. 
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7 Discussion 
The analysis and literature review sections are linked together to position the research with 

existing literature about the topic. 

7.1 Barriers 

Based on the analysis carried out in this study we can infer that the principal system function 

that requires immediate attention is market formation. Environmental policies need to be 

oriented towards market regulation rather than direct regulation in the forms of mandates and 

standardization of technologies that hinder innovation possibilities. 

In the areas of knowledge development and knowledge exchange, companies within the domain 

of waste management need to improve communication channels that are beneficial to society 

disregarding their primary motives of economic development to bring about sustainable waste 

collection and disposal technologies. Even Larsson (2013) mentions that to achieve sustainable 

development goals, actors must reach a consensus on sharing responsibilities with society. 

Companies involved in any facet of this innovation are currently targeting markets with higher 

population densities to efficiently promote the technology and thereby maximize return on 

investment. According to Vig (2013), a lack of market knowledge of any technology results in 

asymmetrical regulation of market forces and innovators. The decision is further justified by 

Åkesson (2014), who mentions that residents in rural areas have less information about 

emerging technologies and thus require more time and resources to educate them which is not 

favourable for companies. However, it is finally up to the company and the local municipality 

to decide whether an investment is needed in smaller markets.  

The focus for implementation of the technology has been only on new township constructions 

where it is comparatively easier to integrate the system at lower costs to both the company and 

consumers. Envac AB in recent times has been involved in installing systems for approximately 

120,000 households in new residential projects around Stockholm approximating around 20 per 

cent of the city’s population (Quartz, 2020). These new townships have witnessed fewer waste 

collection trips, which are necessary only when collectors are replaced to be transported to 

treatment facilities, which has led to reduced air and noise pollution levels by 90 per cent 

(Envac, n.d.). Pérez et.al., (2020) also identified the elimination of containers and trucks, which 

contribute to the reduction of noise and air pollution, to be one of the benefits of the new 

technology.    

There is a lack of a knowledge exchange platform between experts and industry in the market, 

which leads to a lack of confidence among consumers when it comes to adopting any new 

technology. Also, a platform that is shared by users, industries, and science organizations must 

be built. This is due to a deficit in information exchange between all the three actors. Some 

academics are unaware of recent developments and have fewer opportunities to communicate 

what knowledge they have regarding industry and users. However, Larsson (2013) reports that 

actors form working groups, steering committees, and networks to share ideas and suggestions 

to improve development.  

Businesses are struggling to educate the public as most end users are still unaware of sustainable 

waste segregation. According to Lundkvist (2013), this is due to the huge number of national 

and municipal restrictions in the form of waste management regulations, government waste 

decrees, development and environmental programs, and comprehensive development plans by 

the local municipalities. As a result, many companies are unwilling to spend considerable 
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amounts of money on new technology due to compromises in company policies that must be 

made to comply with local government requirements. However, Cocklin and Moon (2020), 

express that individuals, NGOs (Non-Governmental Organizations), communities, and the 

private sector all contribute to educating civil society through behaviour change and adoption 

of new practices.  

Some companies that work with public sector innovation have offices across the globe but due 

to regional policy regimes have a variable presence. If a nation’s environmental policy is 

associated with uncertainty it leads to lower innovation related to technology development. 

However, Jaffe, Newell, and Stavins (2002) argue that a more predictable and stable policy 

framework results in higher innovation rates. Good environmental policies contribute to an 

increase in the rate of innovation. They justify the argument by using the increase in the number 

of patents as a precursor to higher pollution abatement costs. Hence, governments should have 

predictable policy structures to promote innovations, which fulfil environmental policy goals, 

and that is financially efficient. If regional policy frameworks are unpredictable towards 

incorporating policy changes, it demotivates investments in novel technologies as most 

investors tend to avoid facing the evident risks that come along with such investments. This 

discussion is valid for both the invention and adoption of technologies. Hence it is also the 

responsibility of companies to influence policymaking by organizing exhibitions to share 

innovation and educate the public.  

In developing countries, implementation of the systems is limited to major metropolitan centres 

of business but also needs to be extended to smaller localities across the country. Municipalities 

can mandate the installation of the system in new residential areas to reduce investment capital 

through suitable policy instruments also beneficial to tenants. Freeman and Haveman (1972) 

have discussed the effect of effective implementation of policy instruments on the 

encouragement of individuals and firms to improve efforts to fulfil policy goals. Additional 

incentives could be provided for the tenants in terms of insurance procurement for the 

maintenance of the installed waste collection system if the need arises. Stavins (2003) discusses 

market-based policy instruments of government subsidy resections which provide incentives to 

tackle environmental concerns. Thus, the public lacks information about the existing incentives 

for use of alternative technologies. 

In developing countries, implementing new projects is easier compared to developed countries 

and encourages them because there is no need for policy restructuring, and can be easily 

incorporated into the environmental policy frameworks. But Freeman and Haveman (1972) 

express concerns of political and economic disruption if policy goal ambitions are too high. To 

ensure quicker approvals for technology implementation, companies also need to conduct 

outreach programs to ensure that general society is also aware of the technology along with 

government organizations that deal with waste management. 

There is a lack of knowledge exchange between industries and municipalities which leads to 

inadequate infrastructure or platforms for improving the technology. In some circumstances, 

the quality of knowledge regarding new technology and the benefits of waste management is 

lacking in industries, which is due to the deficit in knowledge among researchers. However, 

Larsson (2013) points out that there has been the appearance of new competitors and 

consultants which adds to the level of knowledge among researchers and industries to maintain 

their competitive edge. 

Economies sometimes lack a clear vision for new technology development because of a lack of 

information and as a result, people tend to stick to familiar technologies. Therefore, instilling 
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awareness in the public by conducting public demonstrations about the new technology and its 

benefits compared to existing methods is necessary. However, people generally quickly adapt 

to innovations that are convenient and cost-effective when compared to existing methods. 

Waste collection chutes integrated into their homes or placed curb side at building entrances 

reduces the need for consumers to shuttle their waste to fixed stations and therefore motivate 

people to follow good sorting methods to dispose of household waste closer which is 

comparatively convenient. According to Pérez et.al., (2020), this is especially true in hard-to-

reach, narrow pedestrian areas in old city centres where fixed stations are set up to deposit 

waste. However, people are aware of the convenience of disposal in different factions which 

positively influences the function of knowledge development, meaning less effort is necessary 

to educate people about segregation. According to Keohane & Olmstead (2016), and even 

Åkesson (2014) many people are willing to promote source separation and improve 

environmental conditions but their level of involvement is limited due to individual attitudes 

and geography. Segregation is important because some fractions, like paper and glass, are 

difficult to collect using a pneumatic system since they can be abrasive to the pipelines and 

cause suction failures. 

Integration and adoption of the pneumatic waste management systems in/near existing 

buildings is intricate as it causes hindrance to daily routines in the early stages. Consumers 

hesitate to adopt novel innovations in favour of current technologies which is called the chasm 

of technology adoption. The length of a project has a vital role to play in the decision-making. 

Longer projects face higher resistance particularly in justifying the return on investments. 

Implementation of new constructions takes shorter durations compared to renovating existing 

landmarks/old buildings which is challenging due to emotional attachments or concerns related 

to health, safety, and noise pollution. The barriers regarding counteracting resistance to change 

are identified from the interview responses where the industry experts and a researcher with 

legislative experience expressed concerns.  

When it comes to Innovation the major barriers include the incumbents, financial resources, 

and the nature of governmental organizations to rely on proven technology. But according to 

Stavins (2003), market-based policy instruments have promoted a change in practices by 

equalising marginal costs of pollution reduction, providing incentives to encourage the adoption 

of better and more cost-effective innovations, and classifying them based on the level of policy 

intervention with the accompanying administrative costs.  

Since the waste management sector is globally dominated by governments, the municipalities 

tend to rely on proven methods for collection and disposal/treatment. Innovations from start-

ups are gradually eclipsed by monopolies of established companies. Start-ups do not possess 

the necessary financial resources to fund projects independently which leads them to form 

partnerships with established companies. Thus, there needs to be a change in policy to aid the 

start-ups financially to ensure creative freedom is not negotiated which will lead to higher rates 

of innovation. As an added measure, innovators have started to acquire outside knowledge at 

higher rates to provide unparalleled products and services. Owing to the climate shift and its ill 

effects, countries have started to heavily promote the innovation sector to achieve 

environmental directives and possess the required cross-border platforms to exchange mutually 

beneficial knowledge. However, Stavins (2003) informs about deposit refund systems that 

governments have incorporated to tackle the issue of insufficient funding for the start-ups. The 

system includes tax differentiation and user charges designed to fund environment-related 

services aided by insurance premium taxes, sales taxes, and administrative charges. Thus, there 

is enough exchange of knowledge between the academic institutions and the industries. Hence, 

the need for policy change is not necessary. 
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When discussing resource mobility, it is identified as the least significant barrier to 

implementation. The availability and development of financial and human resources are 

meeting the requirements of firms necessary for sustainable operations. This is true for both 

public sector innovation start-ups and established firms with sustainable technology 

development goals. Financial resources are abundant, especially with political funding and 

venture capitalist investments combined with the fuel and time savings which are achieved by 

switching to the new technology. 

When discussing all concerns related to climate change, the entire life cycle of carbon emission 

must be analysed to accept the new technology as a viable alternative for existing waste 

collection methods and sorting practices. The preliminary activities of raw material extraction 

and pipeline manufacture have the highest contribution to the total carbon footprint in the 

pneumatic waste collection cycle. This contribution is hard to compensate for even with the use 

of green or nuclear-mixed energy sources for the operation of the collection system. Hence, 

there is a necessity for further research in areas of minimizing material utilisation, increasing 

energy efficiency, and sustainable generation of power. 

7.2 Empirical Implications 

Market 

It is necessary to create a platform that is shared by users, industries, and scientific 

organizations. Governments should have predictable policy structures to promote innovations 

that meet environmental policy goals and are financially efficient, such as mandating the 

installation of the system in new residential areas, which benefits both tenants and 

municipalities by lowering investment capital. Implementing new projects in developing 

countries is easier than in developed countries, which encourages them because there is no need 

for policy restructuring, and they can be easily incorporated into environmental policy 

frameworks. 

Financial and Research Institutions 

The necessity for a platform used by all the stakeholders is necessary even for the supporting 

actors of financial and research institutions. Reductions in pollution abatement costs might be 

awarded to innovators who are proactively involved in researching and promoting 

environmentally friendly innovations.  

Innovators 

Innovators must influence policymaking by organizing exhibitions to share innovation and 

educate the public, as well as influence higher rates of innovation in developing countries. 

Companies in the waste management industry must improve the exchange of knowledge that 

benefits society while ignoring their primary motives of economic development to bring about 

sustainable waste collection and disposal technologies. 

Consumers 

Tenants need to be given incentives in the form of pre-purchase insurance for the maintenance 

of the installed waste collection system.   
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8 Conclusion 

A chapter is composed of conclusions drawn using the analysis carried out, existing  

literature, and methodology. 

 

From the empirics, it is evident, through the interaction with the interviewees, that the 

technology already has facilitators which provide an outlook on the extent to which the 

technological system around PUC waste management systems has developed. We present an 

outline of the barriers to implementing the pneumatic waste management system after 

examining all the aspects based on the literature review and the findings from the interviewee 

responses. The result is structured by listing the obstacles to improving technology diffusion 

below from the most challenging to the least problematic ones. The least problematic ones have 

already witnessed extensive development and thus are not considered to be barriers to the 

growth of this innovative system. 

 

1. Market 

2. Knowledge exchange 

3. Knowledge development 

4. Counteract resistance to change 

5. Innovation 

6. Resource mobilization 

 

The literature study demonstrates the framework's relevance by determining the existing 

policies safeguarding the environment which is essential for determining the change in policy 

instruments necessary using the TIS approach. Hence the areas where policy change is required 

to improve the rate of development, diffusion, and use of the technology are as follows: 

 

1. Market regulation 

2. Infrastructure for Knowledge exchange 

3. Platforms for knowledge assimilation 

4. Better access for researchers and industries to the knowledge base 

5. Incentivize adoption by consumers 

6. Incentivize integration in existing residential areas 

7. Financial aid for start-ups in the public innovation sector 

 

Contribution to Literature 

 
In connection to the discussion carried out, there is a need for the technology to achieve market 

saturation so that goals of sustainable transitions are fulfilled on a widespread scale. Processes 

of technological change have been operating based on forecasts drawn from past experiences 

related to environmental problems. Policies are proposed and their impact is measured against 

environmental baselines or policy goals. However, the forecasts are influenced by most of the 

actors in the structure of an innovation system. The influences include price-induced 

technological change (innovation), exogenous technical progress (knowledge exchange), 

learning-by-doing and learning-by-using (knowledge development), and public sector 

R&D(market). Thus, identifying the areas where policy change is necessary leads to more 

efficient forecasts and in turn development of alternative technologies that fulfil environmental 

policy goals better. It also provides information on the level of development of the actors and 

their functions inadvertently indicating lucrative investment domains for start-ups that are 
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initially weak in the functions of resource mobilization and market share. It adds to the research 

about polices related to the environment in general. 

 

Future Possibilities 
The study was limited to identifying the areas where policy changes were to be brought about 

to accelerate the rate of technology development, diffusion, and utilization. The framework 

used to analyse the empirics also mentions the identification and selection of appropriate 

policymaking tools based on the structural causes of the functional barriers. So far only these 

functional barriers have been evaluated and listed. Thus, there is a possibility of future work 

where the structural causes need to be identified and in turn the policy-making tool and finally 

optimal configuration of the innovation system along with changes in policy following policy 

targets of governmental organizations responsible for the environment. 
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