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Abstract  

China’s rapid economic growth in the past four decades has led to serious negative 

impacts on ambient air quality. Studies identify volatile organic compounds (VOCs) as the major 

cause of smog, which harms both human health and the environment. Nevertheless, VOC control 

faces tremendous challenges, especially when small and medium-sized enterprises (SMEs) in the 

furniture sector that account for a large percentage of VOCs in China find current, on-the-market 

technologies impractical and costly. To alleviate this problem, SunHub Inc. proposed a 

comprehensive 4-stage solution for abating VOCs at all stages of the production process. My 

study uses action research to assess the sustainability of SunHub’s solution and finds that it is 

indeed sustainable. To reach this conclusion, I conduct a two-phase case study. The first phase 

reviews the literature to determine the appropriate sustainability indicators for assessment, while 

the second phase analyzes SunHub’s documents and email correspondence with stakeholders. 
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Introduction  

The VOC Problem in the Chinese Furniture Industry 

China’s rapid economic development over the last four decades was accompanied by 

significant growth in air pollution (Cheng et al., 2018; Li et al., 2018; Zheng et al., 2017b). 

Hwang et al. (1997) identify volatile organic compounds (VOCs) as a major contributor to 

photochemical smog, which can cause harm to plants and animals, as well as affect humans’ 

eyes and respiratory systems. The European Union defines VOCs as “any organic compound 

having an initial boiling point less than or equal to 250°C measured at a standard pressure of 

101.3 kPa” (2004, p. 143/89). VOCs are comprised of more than 300 types of compounds, many 

of which cause adverse health effects (Xiao et al., 2014). Recognizing this problem and its 

severity, the Chinese government issued a series of VOC control policies in recent years (Zhang 

et al., 2017), and included VOCs as a pollution control indicator in its Thirteenth Five-Year Plan 

(2016–2020). China announced that “all heavily polluting enterprises located within urban 

districts will be either relocated, upgraded, or, in accordance with the law, shut down” (13th 

FYP, n.d., p. 128).   

To comply with increasingly stringent policies and regulations, big companies that emit a 

high level of VOC concentrations have installed mature, conventional technologies, which 

include regenerative thermal oxidizer (RTO), regenerative catalytic oxidizer (RCO), and 

activated carbon adsorption (Cheng et al., 2018; Kim et al., 2017). Although these technologies 

meet national and local VOC removal standards, they raise other concerns, especially over their 

high energy consumption. Furthermore, activated carbon adsorption techniques can cause 

considerable waste and secondary pollution. According to Myers (2018), “over time, the gaseous 
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pollutants increasingly fill up the adsorption sites of the activated carbon. Once the bed is 

saturated, the filter can no longer trap pollutants” (para. 12), thus, it must be regularly replaced. 

I learned from business leaders and government officials, while visiting the International 

Environmental Protection Expos in China in 2018, that small and medium-sized enterprises 

(SMEs) often find these mature technologies unviable due to the substantial costs associated with 

purchase and maintenance. As a result, many SMEs have not actively pursued pollution 

remediation strategies.1 Cheng et al. (2018) express a similar view: “most small-scale furniture 

coating enterprises had no effective VOC control measures in place, or the control measures 

could not be successfully implemented” (p. 2818). 

While this situation occurs in all industries, it is more challenging in the furniture 

manufacturing industry. Over two decades of rapid growth, China has become the world’s 

largest furniture manufacturer, accounting for 25% of the world’s output in 2015 (CNFA as cited 

in Cheng et al., 2018). Of these furniture enterprises, the majority, (82.3%), were small-scale 

(CNFA as cited in Cheng et al., 2018), defined as fewer than 300 employees, annual taxable 

income of less than 3 million yuan, or assets less than 50 million yuan (“SMEs and Startups in 

China,” 2019), and most of them use a manual coating application. Loose coatings, either 

uncollected or inappropriately collected by adequate equipment, can result in fugitive VOCs 

emissions and lead to production workers being exposed to VOCs for a lengthy period of time 

(Cheng et al., 2018; Wang et al., 2013) which is very harmful to their health.  

 
1 These views synthesize the information I obtained from my in-person visit to the International Environmental 
Protection Expo, which was held in China in April, 2018, as well as other business arrangements I partook in during 
May 2018 as part of a Canadian, province-led 2018 Environmental Mission to China. The Mission’s goal was to 
assist Canadian environmental companies to do business in China. I also attended workshops and had numerous 
conversations with industry practitioners as well as Canadian and Chinese government officials during this period.  
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Despite a single SME generating much less VOCs in total than its larger counterpart, 

collectively, the aggregation of VOCs emitted by all SMEs poses more serious environmental 

concerns (Government Official W. Yang, personal communication, April 20, 2018). Showing no 

sign of slowdown of the fast-growing paint production and utilization, solvent use is projected to 

become the largest VOCs contributor, rising from 22% in 2005 to 37% in 2020 (Cheng et al., 

2018; Klimont et al., 2002; Wei et al., 2011; Zheng et al., 2017a). Therefore, it will further cause 

a significant impact on human health.  

Zhang et al. (2017) highlight this phenomenon, arguing “VOCs pollution control is 

urgent, but technologies are inadequate” (p. 70). Focusing solely on the furniture industry can 

facilitate effective development of adequate technology, given that it will only be required to 

target a manageable level of 20 or so VOCs compound types instead of hundreds of VOCs 

groups emitted by all industries. 

Some think non-VOC waterborne coatings can eliminate the need for the installation of 

emission control technologies because less VOCs being introduced at source means less VOCs 

would be emitted at the end of the paint process. Therefore, not only do they reduce air 

pollutants but they also save energy (McCrillis et al., 1997). Other studies argue that a 

combination of approaches better facilitates energy savings, emission reductions, and cost 

savings for addressing both environmental and economic concerns. For instance, Cheng et al. 

(2018) recommend that the wood furniture industry applies high efficiency control technologies 

as well as substituting waterborne coatings for VOC reduction to achieve the emission control 

indicator set in the Thirteenth Five-Year plan.  
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Background of SunHub Inc.   

While visiting China in 2016, I witnessed the impact of air pollution first-hand. This 

experience triggered the 2017 creation of SunHub Inc.; an international sustainability consulting 

company with an aim to promote a green economy and green living for a sustainable future 

(http://sunhubinc.com/about_us). The question is how can we do this? 

Reflecting on my life experiences has led me to think about the analogy of the iceberg 

Four Levels of Thinking model by Maani and Cavana (2007): beneath the Events (action) 

represented by the tip of the iceberg is the invisible Patterns (thinking) that link those events; 

further down reveals the Systemic Structures (deeper thinking) that capture the relationships in 

the complex system; and the deepest level is the Mental Models (value) that reflect our beliefs, 

values and assumptions (Nguyen et al., 2011). Thus, I have come to realize that value drives 

thinking and thinking determines action,  

Drilling down deeper, the current unsustainable phenomenon, such as climate change, 

biodiversity loss and air pollution, clearly reveals disorders in our existing social system that 

values personal success by material consumption more than social contributions (Joseph, 2011). 

When we promote material consumption instead of personal growth for pursuing one’s intrinsic 

happiness, we cannot sustain this paradigm ideal; and when people work in silos, not seeing the 

value of different perspectives or worse yet not respecting the views of others, we cannot sustain 

this either.  

We can no longer work in silos as such organizational structures “impede (such) 

horizontal initiatives as sustainable development” (Dale, 2001, p. 109). With these underlying 

thoughts, SunHub strives to go beyond hard components such as technologies and products “to 

engage and to empower people to focus upon integrated, system's approaches for creating and re-
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creating…through a ‘net positive’ or ‘regenerative’ lens in the expectation that this will 

increasingly yield synergistic benefits far beyond the current norms” (Zhang et al., 2015, p. 2).  

“Clarkson (1995) argued that transferring corporate social responsibility…is best 

undertaken …by transferring intangible social and environmental issues into tangible stakeholder 

interests” (cited by Sharma & Henriques, 2005, p. 159). Guided by this concept, SunHub is 

aspiring to translate and incorporate its core values, such as a commitment to sustainability, into 

our daily practices and every decision-making process. As the CEO of SunHub, my role is to 

provide the strategic direction for SunHub to engage and assist its entrepreneurs - SunHub 

consultants, in our collaborative efforts with industries, governments, academia and non-profit 

organizations, in order to tackle global complex environmental and social problems, through the 

introduction of advanced thinking, technologies, products and processes. SunHub’s key services 

include providing strategies for seizing opportunities, leveraging the right resources for 

executing these strategies, and economizing the processes through efficiency. It is SunHub’s goal 

to help clients be innovative, efficient, and effective in problem solving; in doing so, we grow 

with our clients. This will be achieved by pooling global talents and financial resources. VOCs 

abatement of the furniture industry is our first initiative.  

Four-Stage VOC Abatement Solution Proposed by SunHub  

The thought of helping, or even attempting to help, solve an industry wide VOCs issue 

can be daunting. The policies and standards related to VOCs control are underdeveloped in 

China. The total number of furniture companies is immense, a small region could account for 

over 900 companies. The company sizes and their capacities are diverse, and the volumes of air 

flow, levels of VOCs concentration, and VOCs compositions vary from one manufacturer to 

another. The situation is complex and using traditional ways of analyzing such complexity in 
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isolation is ineffective (Aronson, 1996). Systems thinking - a ‘new way of thinking’ that can 

enhance understanding of complex problems (Nguyen & Bosch, 2013) - is required to achieve a 

sustainable, long term outcome.  

 
Systems thinking focuses on the whole system as well as the constituent parts and their 

interactions. It provides a framework for managing change and complexity, through the 

understanding of dynamic feedback embedded in complex systems. It allows decision 

makers to anticipate the long-term consequences of their decisions and actions, as well as 

the unintended consequences of policies and strategies (Nguyen & Bosch, 2013, p. 105; 

Maani & Cavana, 2007) 

This suggests that systems thinking should be adopted in the VOCs abatement solution 

design so that the solution is comprehensive, long-term oriented and considers all the elements 

from the source to the end emission along with the interrelationships of these elements. This 

whole systems mindset leads to the investigation of other approaches, which has drawn our 

attention to the life cycle approach that “considers the full supply chains of materials and 

energy” (Azapagic & Perdan, 2000, p. 248). Azapagic and Perdan believe that industries should 

incorporate more sustainable strategies in decision making and it is essential to assess 

performance throughout the life cycle of a business process. Thus, the life cycle approach and 

the sustainability concept from environmental, economic and safety perspectives should also be 

embedded into the solution design and development.  

Guided by this underlying thinking, SunHub decided to pursue a viable solution for 

addressing VOCs emissions in the furniture industry. Despite how the measures of VOCs vary, 

as described previously, there are some similarities, especially within smaller groups based on 

certain characteristics such as company size, furniture types, wood varieties and paint usages. 
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These commonalities can be considered when working out an industrywide solution that would 

optimize overall use of resources. No single organization can do this alone. SunHub reached out 

to related Canadian and Chinese governments, academia, associations and industries, and a 

Canada-China consortium was established. With input from its partners, as well as insights from 

governments, academia, and other industrial stakeholders, SunHub proposed a 4-stage VOCs 

abatement solution for small and medium furniture companies. These 4 stages include: 1) VOCs 

prevention – choose low VOCs coating at source; 2) VOCs reduction – recycle and reuse coating 

products/energy throughout the processes; 3) VOCs control – abate VOCs at the end of emission; 

and, 4) VOC assessment – monitor and assess levels of emissions online and real-time. This 

approach of VOC reduction from source to end emission control comprises five independent yet 

interrelated projects that can be implemented efficiently for achieving the sustainability goal, 

(SunHub consortium’s VOCs Abatement Solution Proposal for the Furniture Industry, personal 

communication, April 3, 2019). SunHub’s 4-Stage, 5 projects VOCs Abatement Solution for 

SMEs of Furniture Industry in China detailing these projects and their purposes are summarized 

in Table 1. 

Table 1: SunHub’s 4-Stage, 5 projects VOCs Abatement Solution for SMEs of Furniture 
Industry in China 

Stage Project Purpose 

VOCs 

Prevention 

1) Facilitate a large 
reputable Chinese 
furniture company to 
expand its market to 
Canada and United 
States 

 To gain a more comprehensive perspective of the 
generation and control of VOCs emissions in the 
furniture industry by learning the practices of 
larger companies. This understanding will help 
develop an effective VOCs abatement solution 

2) Introduce Canadian 
low VOCs coating 
and associated value 
chain businesses to 
China 

 To understand furniture companies’ special 
coating and application requirements 

 To determine and bridge coating application 
process and technological gap  
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VOCs 

Reduction 

 

3) Introduce Canadian 
coating 
recycle/reuse 
technology and 
process to China 

 To explore innovative processes for reducing 
costs and VOCs emissions 

VOCs 

Control 

4) Conduct adaptive 
R&D into 
developing a hybrid 
technology that 
combines Non-
Thermal Plasma 
(NTP) and low 
temperature catalyst 
technologies 

 To understand strengths and weaknesses of the 
existing technologies on the market 

 To leverage extensive knowledge and experience 
gained from various VOCs abatement 
technologies, such as RTO, RCO, Rotary 
Concentrators, Activated Carbon Adsorption and 
NTP that the consortium currently possesses 

 To develop a safe, effective, and economic VOCs 
abatement solution for the furniture company  

VOCs 

Assessment 

5) Introduce new 
VOCs monitoring 
technologies-
artificial Intelligence 
online monitoring 

 To identify existing monitoring technologies and 
processes 

 To explore new technologies in the international 
market to ensure accurate VOCs monitoring 

       
Sustainability Assessment 

Aiming to solve an industry wide problem requires due diligence being carried out in 

every process; otherwise, negative impacts could be significant if the solution is deemed to be 

untenable. Therefore, the ultimate goal of SunHub is to provide a sustainable solution. But, how 

to define sustainable solution? To answer this question, I need to first understand sustainability 

and sustainability assessment.  

Sustainability and a sustainable future are regarded as the goals achieved through the 

“sustainable development” process (Diesendorf, 2000; Sikdar, 2003). Sustainable development 

entered mainstream political and economic thinking at the World Commission on Environment 

and Development (WCED) in 1987. It was then defined in the Brundtland Report as 

development that met “the needs of the present without compromising the ability of future 

generations to meet their own needs” (WCED, 1987). Considering the needs of future 

generations, “this definition emphasizes the long term aspect” of development (Diesendorf, 
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2000). At the 2002 World Summit, sustainable development was further expanded to include 

three pillars: environmental, economic, and social (Robert et al., 2005). Sustainability assessment 

is a tool for helping decision-makers and policymakers to take actions that will contribute to a 

sustainable society (Devuyst, 2001, p. 9).  

“Sustainable solution” has been widely used by the literature even though its meaning is 

unexplained. The absence of a standard definition opens room for a variety of interpretations. 

Manzini (2002) defines this type of solution as “a process that enable an actor (a person, a 

company, a community and/or a network of persons, companies and communities) to achieve a 

sustainable result in a sustainable way, i.e. adopting a sustainable strategy” (p. 5) that shifts less 

or un-sustainable practices to more sustainable contexts (Manzini, 2002). Charter, M., & 

Tischner, U. (2001) define the term as follows: “sustainable solutions are products, services, 

hybrids or system changes that minimize negative and maximize positive sustainability 

impacts—economic, environmental, social and ethical—throughout and beyond the life-cycle of 

existing products or solutions, while fulfilling acceptable societal demands/needs” (p. 17). My 

general web search returned a definition by Ottosson et al. (2016): “a solution that has been 

developed to be a long–lasting, environmentally responsible solution for the provider (the 

business), the society and the users” (p. 14).  

Therefore, in this study, a sustainable solution is considered to have a twofold meaning 

within the context of the furniture industry: one aspect is that the solution will help the furniture 

industry to implement more feasible strategies, thus, promoting sustainability and contributing to 

a sustainable future; another is that the solution could sustain itself, being long-lasting so that it 

can be implemented till the desired state is reached.  
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Then it comes to the question: how to assess the sustainability of the solution? There is 

no shortage of rich insights on approaches, methodologies, tools, and techniques that can be 

tapped into. Azapagic and Perdan (2000) believe that industries should adopt more worthwhile 

strategies in decision making and it is essential to assess performance throughout the life cycle of 

a business process. To facilitate this undertaking, they propose using a general framework of 

indicators encompassing the three dimensions of sustainability - environmental, economic and 

social that is suitable across an industry, though different sectors may require more specific 

indicators being defined separately, on a case-by-case basis.  

Hallstedt (2017) discusses how sustainability criteria matrices can support decision-

making “in the early product development process” (p. 263). Fiksel (2003) highlights the 

importance of building resilience “as a starting point for sustainable system design” (p. 5333).  

Fiksel (2006) defines enterprise resilience “as the capacity for an enterprise to survive, adapt, and 

grow in the face of turbulent change” (p. 16), and recommends adoption of a systems approach 

to sustainability.  

Iritani et al.(2015) conducted a case study of a wardrobe furniture company in Brazil 

using the cradle-to-gate product life cycle assessment (LCA) and found that the product’s use 

and the end-of-life phases, which could have also impacted the environmental profile of the 

product life cycle, were absent in the company’s process. This limitation led them to suggest a 

complete cradle-to-grave product LCA that is more appropriate for identifying sustainable 

strategies. And the cradle-to-grave product LCA was the type that Cobut et al. (2015) (part 1) 

used for their case study of wooden doors in Canada.  

Focusing “on manufacturing companies that have not yet started sustainability practices 

or have just started” (p. 622), Moldavska and Welo (2015) conducted extensive analysis of 
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assessment tools and concluded that value stream mapping (VSM) has some merits over other 

sustainability assessment tools. Although VSM is generic in nature, it can address specific 

contexts of manufacturers, and identify specific problems of a process or activity. As a result, it 

can save time and money when further investigation of the problems is deemed necessary. 

However, many studies reveal that VSM focuses on the environmental aspect of sustainability 

only.  

There are also a few studies specifically on solution-focused sustainability assessment. 

Brack et al. (2015) conducted case studies of the Danube and Rhine to show that a solutions-

oriented approach was used for addressing Europe’s water quality problems and for assessing 

abatement options. Zijp et al. (2016) introduce a 6-step framework, illustrated by a case study of 

contaminated sediments in the Netherlands, that provides practical guidance for solving wicked 

environmental problems. By adopting an innovative approach that favours solutions upfront in 

the process of assessment, this framework guides assessors to find ways for minimizing risks and 

optimizing sustainability. 

A host of literature reveals that many tools have been designed for performing 

comprehensive and sophisticated quantitative assessment on established practices at the end of 

the operational process. Running such assessments is often very costly, time consuming and 

require assistance from external expertise (Clarke‐Sather et al., 2011; Moldavska & Welo, 2015). 

There has been little research that is relevant for SMEs, not to mention for startups where there is 

no data to be measured. Yet, it is so crucial to get things done right at the start of a business. 

Knowing that “all companies face a challenge in implementing existing sustainability strategies 

in practice on (an) operational level” (Schulte & Hallstedt, 2018, p. 11), this SunHub case study 
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aims to illustrate a practical application process on how to integrate sustainability into the early 

stage of the solution development. 

Given that the ultimate goal of SunHub is to make contributions to a sustainable future, 

wherever we can, our practices should be guided by the overall 17 Sustainable Development 

Goals (SDGs) that were unanimously adopted by 193 countries for the 2030 agenda (United 

Nations Development Programme, 2016). Each of these goals is interrelated with many others, 

so they should not be looked at in isolation. If we think creatively, multiple sustainable aspects 

can be integrated in a single strategy to allow overall resources to be used more efficiently in the 

longer term. If we think holistically, a greater number of sustainable goals can provide more 

choices for making tradeoff decisions. Without such considerations, a positive impact of one 

goal (such as economic) could be very negative to others (such as ecological and social) which 

might lead to substantial loss of resources in subsequent corrective measures, or worse yet, 

irreversible damage. 

Sustainable development is an iterative process, the desired end state is time dependent, 

and to be adaptive and proactive, the solution will also need to be upgraded constantly based on 

new findings and new understanding. Under such ever-changing conditions, the end process 

assessments can quickly lose their meaning and usefulness. Gibson (2006) recommends to 

“establish(es) assessment as an approach to decision-making (in the conceptualization, planning, 

design, evaluation, approval, implementation and monitoring, and eventual decommissioning of 

undertakings), not just a review at a particular stage” (p.179). If sustainability is embedded 

upfront in every decision-making process, a sustainable result would be more likely achieved 

naturally, even without conducting any assessment at the end of process.  
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Therefore, global sustainability should be considered as a requirement in a company’s 

decision-making procedures (Gibson, 2006). As highlighted by Schulte & Hallstedt (2018), the 

“Framework for Strategic Sustainable Development” shown in Table 2 can aid SME’s strategic 

decision-making process.  

Table 2: The Framework for Strategic Sustainable Development 

 

Source: (Schulte & Hallstedt, 2018, p. 5) 

In assessing sustainability, the overall approach should be relevant to SMEs’ sustainable 

goals, should be practical in that it can be easily adopted by SMEs of the furniture industry, and 

should be performed before the implementation of each strategy.  If SMEs see the benefits from 

these sustainable practices, such as those identified by Schulte & Hallstedt (2018):  

new innovations that provide more customer value, the attraction and maintenance of top 

talent employees, a strong brand and business image, being ahead of legislation, more 

motivated and top talent employees, lower operating and credit costs, and lower 

vulnerability to sudden market changes (p. 1), these benefits will become manifest.  
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Based on the above thinking, relevant and simplified sustainability indicators will be 

sought for fulfilling such assessment. Using the widely applied three pillar approach (Jiang et al., 

2018; Moldavska & Welo, 2015; Moldavska & Welo, 2019; Sala et al., 2015), the following 

sustainability indicators for the 4-stage VOC abatement solution have been selected as a starting 

point: 1) environmental – increase VOCs removal efficiency; 2) social – reduce by-products 

formation that could pose health concerns, as well as enhance the safety features and procedures; 

and 3) economic – reduce overall capital investment and operating costs for electricity 

consumption and catalyst use. This selection is based on my understanding of business 

requirements gained from my communications with Chinese local government officials, our 

Canadian and Chinese industrial partners, and my attendance at industry relevant expositions. 

These indicators will be scrutinized and updated based on subsequent findings from the 

literature reviewed when more information is uncovered, and new knowledge is acquired.  The 

goal of setting these indicators is to ensure that an adequate number of sustainability elements 

has been integrated into the solution design, with a possibility in mind that the indicators 

identified could be used for assessing the sustainability of furniture companies upon the 

implementation of the solution. In that case, they will need to be further examined by SMEs and 

government officials and be quantified based on industrial standards imposed by government 

policies and other authorities’ guidelines for expected environmental and social values, and 

market information for expected economic values. These values will serve as a baseline for 

SMEs to achieve the initial sustainability compliance objective. This activity is beyond the scope 

of this study. 
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Validation Background of the Solution Concept in Practice 

As SunHub is a new comer to the environmental business consulting field, this 4 stage 

solution was derived from a step-by-step problem-solving process with the end emission control 

being an obvious starter. As we delved into the field deeper, we realized that to abate VOCs 

effectively and efficiently, the technology would need specifically to target the VOCs 

compositions. This realization led us to focus our attention on the furniture industry where 

severely polluted working conditions were observed during our earlier business visit to China. 

Special consideration was initially given to the project # 4 - hybrid technology, for the following 

reasons: firstly, the limitation of current on-the-market technologies presents a demand for the 

market to offer an effective solution; secondly, research and development for adapting a 

technology to the needs of a specific market requires significant investment of capital and time 

which needs to be prepared for; finally, it appears that more support from government, academia, 

and non-profit organization is given towards the development of clean technology than products 

or services.   

Non-Thermal Plasma (NTP) is an emerging technology, as Liang et al. (2015) explain, 

among the alternatives to the conventional methods for VOCs abatement, NTP appears to be the 

most promising approach, especially with high efficiency in removing VOCs when they are 

present at low concentration levels. Xiao et al. (2014) define NTP as “generated by a sufficiently 

strong electric field to create a neutral gas discharge and release electrons, generating radicals, 

neutral particles, ions and UV photons, which can non-selectively decompose VOCs” (p. 1034). 

Its main advantages include high VOC removal efficiency, moderate operational conditions 

(normal temperature and atmospheric pressure), moderate capital cost, and lower energy 

consumption.  
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SunHub’s Canadian consortium partner possesses a proprietary NTP technology that was 

originally designed for odor treatment and the design was patented in Canada, US, and China. 

However, our pilot tests conducted at five different sites in China in August 2018 revealed a 

technological limitation for VOCs abatement, although noticeable reductions were observed on 

hydrogen sulfide, ammonia, and odor. Compared to NTP alone, combining plasma with catalysts 

not only shows much better VOC removal efficiency but also decomposes ozone and improves 

energy efficiency (Zhu et al., 2011). Project #4 therefore was proposed to develop a hybrid 

technology for combining Non-Thermal Plasma with low temperature catalysts for specifically 

targeting VOCs emitted by SMEs of the furniture industry. It was assumed that leveraging the 

existing NTP technology for adaptation could be quicker and more economical for industrial 

application.  

While a small NTP demonstration project is in progress, it was time to think beyond end-

emission controls only. Guided by my research study, I learned to consider upstream / 

downstream business activities during the VOCs production process and the relationships among 

these elements, which contributed to the design of this 4-stage process from source selection to 

the end emission control solution.  

SunHub began to look closely into VOCs prevention from source selection. This attempt 

coincided with the initiative of a Chinese provincial government that required furniture 

companies to replace 60% solvent-based coating with waterborne coating by the end of 2020 

(Government Official, personal communication, October 16, 2019). Project # 2, introducing 

Canadian low VOCs coating to China, could be implemented to seize the opportunity. Project #1 

could also be explored to facilitate a large reputable Chinese furniture company that has an 

intention to expand its market to Canada and the United States. 
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This 4-Stage, 5 projects VOCs abatement solution has incorporated environmental, 

economic and social benefits into its objectives. If the solution is determined to be sustainable 

both in theory and in practice, and it is proven that such sustainability features can motivate 

SMEs to adopt this solution voluntarily, it will then be promoted widely by our consortium in 

China, Canada and internationally, thus achieving substantial global environmental outcomes 

with overall minimum resources spent.   

Research Question and Objective 

The research question is, “how can sustainability of the VOCs abatement solution 

proposed by SunHub Inc. for SMEs in the furniture industry be assessed?” This question is 

crucial for determining whether the 4-stage solution could lead SunHub to achieve a long-term 

sustainable outcome before investing substantial resources in undertaking such an initiative, 

especially including a capital-intensive R&D project. Therefore, the objective of this study is to 

answer this research question through a two-phase process: 1) to determine a set of appropriate 

sustainability indicators; 2) to assess whether these elements have been integrated into the 

solution and whether the solution could sustain itself, i.e. be long-lasting. 

Methodology 

Action research, case study and inductive/deductive thematic analysis are the overarching 

strategies employed in this study as I search for rich and in-depth information from data gathered 

that is specific to a real-life situation to address my research question. The literature review is 

conducted in the first phase for establishing sustainability indicators; email correspondence “in 

action” and document review are adopted in the second phase as the research methods for data 

collection and analysis. 
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 To facilitate a large amount of data organization, coding and analysis of the research, the 

qualitative data analysis computer software NVivo was used. To minimize coding confusions 

that could be caused by a distinctively different context, two separate NVivo projects were 

created for each phase. The sustainability criteria and indicators will be titled when creating 

parent and child nodes in NVivo.   

Action Research  

Knowledge is always gained through action and for action.  

Bill Torbert (cited by Reason & Bradbury, 2001, p. 1)  

Action research was initially introduced to me by O’Leary (2017) as “research strategies 

that tackle real-world problems in participatory and collaborative ways in order to produce action 

and knowledge in an integrated fashion through a cyclical process” (p. 186). Subsequently, she 

explains “action research call(s) for participation of, and collaboration between, researchers, 

practitioners and any other interested stakeholders” (p. 188). Later, she describes that an action 

researcher will need to possess “a range of skills”, for which, she elaborates that  

in addition to being a competent researcher, the action researcher must also be a 

consummate organizer, effective communicator, skilled negotiator, conflict resolution 

specialist, well-organized time manager, strategic planner, efficient documenter and 

willing to get his or her ‘hands dirty’ as an on-the-ground implementer-all of which might 

require the development of specialist skills (p. 191) 

Immediately, the mention of being a “competent” researcher and a “specialist” with an 

array of competencies discouraged me from considering action research as a strategy for this 

study given that I am a novice researcher.  Additionally, it appeared to me that O’Leary cast 
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researcher and practitioner in two separate roles which would not apply to my situation since I 

assume both roles simultaneously in this study.  

Subsequently, I learned from Sharma and Fischhoff (2018) that “collaborative research 

that brings together researchers and practitioners is messy. Action research, engaged scholarship, 

and related approaches must find ways to work with significant differences between practitioners 

and researchers” (para. 1). This article ends with a message given at the 2018 Academy of 

Management Meeting in Chicago by Tima Bansal, a professor of Strategy of the Ivey Business 

School: 

I think that in my perfect world, we would start to raise in PhD programs people who do 

both practice and research and don’t have to choose between them. I think that we will 

have much stronger research if it’s informed by the questions of practice. Yet we will still 

understand the skills and knowledge that we have as researchers. So you don’t have to 

give up either to do it, but you’ll be better at both (Sharma & Fischhoff, 2018, para. 53)  

Even though I saw a great opportunity for implementing action research by playing both 

researcher and practitioner in one role, I had the impression that I would have to leave this 

pursuit until I am equipped with the adequate research and other required skills. However, in 

discussions with my thesis advisors, I explored how action research would be an appropriate 

framing for my approach to the project. 

Firstly, many authors, such as Coghlan & Brannick, (2005), Greenwood (2008), 

Greenwood & Levin (2007), Reason and Bradbury (2001), Walter (2009), and even earlier 

Lewin (1946) who coined the term ‘action research’, emphasize that the participative perspective 

is a core concept to action research. Greenwood (2008) explains that one of the criteria for an 
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activity being considered as action research is that there must be a collaboration between 

researchers and stakeholders. In my practice, I have collaborated with other SunHub consultants, 

our Canadian and Chinese consortium and other industrial partners, the Canadian federal 

government, and provincial governments both in Canada and in China, Chinese local 

governments, Canadian academia as well as Canadian and Chinese non-profit organizations, and 

associations in order to advance our business and research activities which has been documented 

in this study.  

Secondly, according to Coghlan and Brannick (2005) who cited Gummesson (2000) 

“action research always involves two goals: solve a problem and contribute to science” (p. 11). 

The action goal of my study is for SunHub to propose a sustainable solution for addressing the 

VOCs abatement issue faced by SMEs of the furniture industry. And the research goal is: 1) to 

ensure that every critical decision made about the solution design by SunHub is supported by 

scientific evidence; 2) to facilitate my learning experience that will stimulate both my personal 

and our organizational growth; and 3) to allow my study to contribute to the research 

community. 

Thirdly, “action research focuses on research in action” (Coghlan & Brannick, 2005. p. 

4). McNiff (2013) further details that   

The action part of action research involves you thinking carefully about the 

circumstances you are in, how you got here and why the situation is as it is ... The 

research part of action research involves data-gathering, reflection on the action shown 

through the data, generating evidence from the data, and making claims to knowledge 

based on conclusions drawn from authenticated evidence (p. 25)  
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In my study, on the one hand, while carrying out the normal business activities, I have constantly 

thought about how I can conduct systematic research to ensure that I am informed by the 

concept, technology, product and practice that are sustainable; and what business data can be 

generated that would provide empirical evidence for demonstrating adequate credibility of my 

research. On the other hand, while gathering, analyzing and drawing conclusions on the data, I 

need to ensure that my research process generates, as complete as practical and as rigorous as 

possible, the findings that can in fact guide my action towards sustainability.  

Fourthly, “(action research) comprises iterative cycles” (Coghlan & Brannick, 2005. p. 

4). These cycles are discussed in several similar models, such as “(1) analysis, (2) fact-finding, 

(3) conceptualization, (4) planning, (5) implementation of action, and (6) evaluation” 

(Baskerville & Wood-Harper, 1996, p. 237);  or initial planning, action, observation, and 

reflection-informed planning (Walter, 2009), or “plan-act-observe-reflect” (Herr and Anderson, 

2014), or “diagnosing, planning action, taking action, and evaluating action” (Coghlan & 

Brannick, 2005, p. 21), which is shown in Figure 1: Spiral of Action Research Cycles 
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Figure 1: Spiral of Action Research Cycles 

 

Source: Coghlan & Brannick, 2005. p. 24 

I had already captured the aspect of an ‘iterative cycle’ in my research process in the 

previous version of my draft indicating that my current study has adopted action research without 

my even knowing it. Previously, I stated that the comprehensive and rigorous methodological 

approaches for conducting credible research had led me to innovative ideas, insights, best 

practices, and evidence that support business decision-making. Simultaneously, the evolvement 

of my business activities had added invaluable practical knowledge, rich and relevant data for 

doing meaningful, in-depth research. This research again could contribute to the development of 

business activities which could subsequently lead to refinement of research, and so on. Such an 

iterative research-practice cycle would benefit the advancement of both my thesis project and the 

business undertaking. Although this passage may sound somewhat overlapping with the above 

‘research in action’ point, in addition to it not being all the same as a cycle of four steps 
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described above, the important point drawn here is that the phenomenon of “iterative cycle” has 

been observed in my study. 

Coghlan and Brannick (2005) also use three hands of a clock moving concurrently in 

different time spans to further explain the operation of multiple cycles in an action research 

project. 

The hour hand, which takes twelve hours to complete its cycle, may represent the project 

as a whole which may take several years to complete its cycle. The minute hand, which 

takes an hour to complete its cycle, may represent phases or particular sections of the 

project. The second hand, which completes its cycle in a minute, may represent specific 

actions within the project, such as a specific meeting or interview. As in the clock, where 

the revolutions of the three hands are concurrent and where the revolutions of the second 

hand enable the revolutions of the minute hand and the revolutions of the second and 

minute hands enable the completion of the hour hand, the short-term action research 

cycles contribute to the medium term cycles which contribute to the longer-term cycle. 

(Coghlan & Brannick, 2005. p. 23)  

In referencing Coghlan and Brannick’s (2005) clock analogy, the hour hand could 

represent the SunHub 4-Stage, 5 projects VOCs Abatement Solution having been developed and 

implemented by some SMEs of the furniture industry. The minute hand could represent my 

current study of the solution design and evaluation phase. The second hand could represent 

SunHub milestones such as the establishment of the consortium, receipts of grants, as well as 

each individual phase of the thesis. Together, these three hands of the clock represent the 

relationships among SunHub business activities of various time spans.  
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Finally, a few authors have acknowledged the segregation of the roles that action 

researchers hold in relation to their professional settings (Coghlan & Brannick, 2005, 

Greenwood, 2008; Herr & Anderson, 2014). Specifically, Herr and Anderson (2014) point out 

that “there has been a tendency for action researchers to be insiders to their professional settings, 

making them at once both researcher and practitioner” (p. 2). Thus, my study could be 

considered as insider action research. According to Riemer (1977), being an insider researcher 

has some advantages in research, such as unique circumstances or timely events that “the 

investigator already “fits” into the setting by having a legitimate purpose for being there” (p. 

474). This feature has been fully appreciated in my study which has made this research 

practicable for getting in-depth data.  Therefore, indeed, I have conducted an action research 

without even knowing it.   

Case Study  

A case study approach was chosen for three reasons: first, this study focuses on a single, 

real-life business setting to examine in-depth various sustainability indicators and solution 

components to gain more comprehensive understanding with regard to the proposed VOC 

abatement solution which fits well in a case study’s arena (Eisenhardt,1989; Zainal, 2007). 

Second, a case study is useful in capturing an emergent process (Hartley, 2004; Noor, 2008; 

Zainal, 2007). SunHub’s business activities are constantly changing to respond to the 

circumstances affected by international trade, diverse partners, complex environmental problems, 

and endless new learning. Third, “Case study is an appropriate strategy for answering questions 

about how or why” (Corcoran, 2004, p. 10). Fourth, “Case-study research is a study of practice.” 

(Corcoran, 2004, p. 11) and “is a valuable tool in improving practices.” (Corcoran’s, 2004, p. 

11). While conducting this research in the dual role specified previously, a case study not only 



SUSTAINABILITY ANALYSIS   34 
 

guided me methodologically to learn relevant information, and gain experts’ insights throughout 

the process, but also allowed me to put the newly acquired knowledge into practice. Therefore, a 

case study was the best strategy for answering my research question. 

In attempting to illustrate a proof of the concept pertaining to this 4-stage, 5-project 

solution for enabling the introduction of Canadian technology, product, and process that are 

needed for VOCs reduction in the furniture industry in China, this study combined the features of 

both exploratory and explanatory types of case studies (Tellis, 1997, p. 7). In phase one, an 

exploratory case study approach allowed me to use knowledge gained from the literature and 

practical experience to explore options through inductive logic to derive a set of sustainable 

indicators.  In phase two, an explanatory case study approach allowed me to employ the 

indicators defined in the previous step to examine emails and documents closely and review 

them systematically through deductive reasoning for determining whether these sustainable 

elements have been incorporated into the solution design and whether the solution itself could be 

sustained. 

Establishing Sustainable Indicators 

Phase 1 of the study is conducted by doing a literature review to gain comprehensive 

understanding of sustainability in solution design and implementation and to define relevant 

indicators. To search the relevant literature, a few key words such as sustainability criteria, 

indicator, and methodology; life cycle assessment; and systems thinking were used.  These key 

words were carefully considered based on knowledge gained from university lessons and 

discussions, a preliminary literature scan, and SunHub business activities. Literature generated 

from this initial search was skimmed for its relevance, and 33 journal articles related to these key 

words were selected. 
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 Among these documents, besides some being referenced elsewhere in this study,  

Marshall and Toffel (2005) introduce a sustainability hierarchy for guiding companies to 

prioritize their actions towards sustainability. Hecht et al. (2012) outlines a sustainability vision 

for the kind of future we want which encompasses concepts such as “the green economy” and 

“shared values” with their emphasis on interconnection amid the social, environmental, and 

economic pillars. Paramanathan et al. (2004) propose that technology management research can 

make contributions to overcome barriers to the implementation of industrial sustainability ideas. 

Looking at “‘Green’ value chain practices in the furniture industry,” Handfield et al. (1997) 

suggests “world-class EFP (environmentally-friendly practices) must anticipate and pre-empt 

changing environmental regulations and customer expectations, and proactively prepare 

products, processes and infrastructure for these changes without sacrificing competitive 

advantage” (p. 293). 

Some studies suggest using systems thinking or a systems approach for integrating 

sustainability into practices to address various sustainability aspects, such as value creation for 

all stakeholders (Bocken et al., 2015), biosphere development (Nguyen & Bosch, 2013), material 

usage reduction (Fiksel, 2012), corporate sustainability (Asif et al., 2011); system design (Fiksel, 

2003), and resilience enhancement (Fiksel, 2006).  

A few papers argue that green manufacturing can help emission reduction, energy use 

efficiency, resource waste and recycle, etc. throughout the production design, manufacture and 

product use and disposal activities (Deif, 2011; Maruthi & Rashmi, 2015; Paul et al., 2014; 

Sezen & Çankaya, 2013; Trentesaux & Giret, 2015). Tan et al., (2014) conducted risk 

assessment of green manufacturing based on “the five major decision-making targets, namely 
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processing time (T), processing quality (Q), processing cost (C), resource consumption (R) and 

environment impact (E)” (p. 2882).  

LCA can be used to identify the wood product environmental profile (Cobut et al., 2013; 

Cobut et al., 2015 (part 2); González-García et al., 2012;  Höglmeier et al., 2015). In addition to 

the product, LCA can be also applied to process selection, design and optimization (Azapagic, 

1999); and in addition to generating an environmental profile, the social LCA can allow 

evaluation of “social conditions in the production, use, and disposal of products” (Benoît et al., 

2010. p. 156). Alfieri et al. (2018) use LCA to support their analysis for assessing the durability 

of a product. 

In terms of sustainability indicators, Seyajah (2016) highlights that they are essential for 

guiding decision making in the early stages of product design. Through case studies, Keeble et 

al. (2003) illustrate how to use indicators appropriately for “addressing the sustainability of 

business both at a corporate wide level and at a project level” (p. 149). Several other articles 

provide additional examples related to various indicators about climate change, ozone depletion, 

energy resource, economic efficiency, etc. (Cordella & Hidalgo, 2016; Liu et al., 2016). All these 

documents will be imported into NVivo for further analysis.  

NVivo step-by-step process for determining sustainability indicators 

To conduct a systematic analysis, I followed the steps recommended by O’Leary (2017): 

“(1) organize the raw data; (2) enter and code that data; (3) search for meaning through thematic 

analysis; (4) interpret meaning; and (5) draw conclusions” (p. 325). To facilitate efficient data 

organization, coding, and analysis, the 33 documents referred to previously were imported from 

the reference management software Zotero to the qualitative data analysis computer software 

NVivo and the following steps were performed: 
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Step 1: A NVivo Cluster Analysis query was run for exploring the context of articles 

clustered by ‘word similarity’ and the ‘Pearson correlation coefficient’ metric. A diagram 

“Cluster Analysis – Sustainable Indicators”, shown in Figure 2, was generated for these selected 

files. Documents were grouped together according to the commonality of words and a colour 

assigned within NVivo indicates the theme. 
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Figure 2: Cluster Analysis – Sustainable Indicators 
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Step 2: These 33 documents were automatically organized into two main groups based on 

the common themes identified by NVivo. A quick skim of the articles helped to determine that 

one group was more related to a “concept” such as systems thinking, or sustainable indicators; 

another was more associated with a “methodology” such as Life Cycle assessment and green 

manufacturing. Thus, the source files in NVivo were subsequently organized corresponding to 

these two categories. 

Step 3: Coding was then applied for identifying the best practices of how sustainability is 

assessed by these studies. According to QSR International, the producer of NVivo, 

Coding is a way of gathering all the references to a specific topic, theme, person or other 

entity… The process of coding can generate ideas and help you to identify patterns and 

theories in your research material…  you can code manually within a source or do some 

fast coding using the auto code and query-based coding features.(“ NVivo 11 for 

Windows Help - About coding,” n.d.) 

Thus, Auto Coding was executed for detecting the commonly used approaches and 

methodologies. Once the run was completed, a Node Matrices table was automatically generated 

with 28 themes proposed. Preliminary coding review of a few randomly selected journal articles 

revealed certain passages were coded multiple times for different themes. To avoid confusion 

from repetition and to ensure that focused attention could be paid on those relevant themes, 10 

themes related to the approach, criteria, indicator, methodology, tools and methods were 

selected, and the rest of the coding was removed from further data examination.  

Step 4:  Detailed literature review was then carried out. Once the journal articles were 

coded with relevant themes, the NVivo Highlight feature could facilitate efficient review by 
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focusing on those important highlighted phrases. Various approaches and methodologies related 

to sustainability were identified and tabulated in a Sustainability Assessment Working Sheet and 

a Sustainability Indicator Working Sheet, shown in Appendix A and Appendix B, respectively.  

Step 5:  This closed examination process revealed a need for a more extensive literature 

search to broaden the horizon of the body of knowledge on sustainability assessment. Similar 

procedures were carried out in several repetitions which generated the following relevant 

findings. No single solution can address austere problems, such as climate change, poverty, 

sustainable cities, and pollution, however, Elia and Margherita (2018) present a conceptual, 

process-driven framework that can be employed for solution design. A case study of urban 

sustainability transitions allows Kampelmann et al. (2018) to demonstrate how to apply a 

curatorial approach, characterized with three guiding principles: “1) focusing on ‘meaning’, 2) 

activating multiple ways of knowing (including non-cognitive), and 3) moving between the 

particular and the whole” (p. 61) for tackling complex or ‘wicked problems’.  

Based on a systematic review of the literature, Martins et al. (2019) conclude that 

knowledge management “can be seen as a collaborative and integrated approach that facilitates 

an organization to create, capture, organize, access and use the intellectual asset for long-term 

sustainability and strategic advantage” (p. 490, cited Al Saifi, 2015; Hussinki et al., 2017; Peng 

et al., 2007; Prusak, 2014).   

Sala et al. (2015) propose a systemic framework that encompasses guiding principles and 

comprehensive procedures for assessing sustainability. Moldavska & Welo (2016) attempt “to 

show how developers of sustainability assessments may incorporate ideas of systems thinking 

into a sustainability assessment of a manufacturing organization” (p. 3). Jiang et al. (2018) 
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provide a summary of existing integration methods for sustainability metrics as well as the 

application areas and limitations of these methods. A list of sustainability indicators was also 

tabled. As well, Moldavska & Welo (2019) present two comprehensive lists of criteria for 

sustainable manufacturing and a sustainable world respectively.  

Thus, eleven new studies, bringing the total to 44 journal articles, were reviewed and the 

working sheets were updated accordingly. The matrices table was then exported to Excel and 

formatted for better presentation, as shown in Appendix C.  

The systematic analysis technique assisted in the identification of the pertinent 

information regarding sustainability indicators, and the empirical evidence concerning 

environmental, economic, and social impacts. Thus, sustainability indicators for this research 

were established as illustrated in Table 3: Sustainability Indicators Established, which include 

four categories, representing the overarching sustainable approach and three pillars as well as 

eleven subcategories, representing individual sustainability indicators as shown below. It has 

substantially expanded from the preliminary setting.  
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Table 3: Sustainability Indicators Established 

 

The above indicators will be used to assess whether these sustainable elements have been 

integrated into the solution and whether the solution itself is long-lasting. The findings will be 

discussed in the Discussion and Conclusion section. 

Data Collection Methods 

Action research can draw upon many data collection methods: “Action researchers can 

accept no a priori limits on the kinds of social research techniques they use. Surveys, statistical 

analyses, interviews, focus groups, ethnographies, and life histories are all acceptable”  

(Greenwood & Levin, 2007, p. 6). A case study methodology can potentially include multiple 

data sources such as “documentation, interviews, physical artifacts, direct observations, and 
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participant-observation” (Baxter & Jack, 2008, p. 554). In this study, I chose email 

correspondence “in action” and document review as the methods for data collection in phase 2.  

Email correspondence “in action” 

Qualitative interview research studies are normally conducted face-to-face between 

researchers and respondents (Parris, 2008). Even though technology has advanced rapidly in 

recent decades with the first form of email being created in 1972, and the internet being 

dominated by Google since 1998 (The History Of The Internet, n.d.), email correspondence has 

not been widely used as a tool in the research world. Parris (2008) proposes email 

correspondence as “a novel method for qualitative data collection in organisational research” (p. 

1), and Hawkins (2018) says “email exchanges are emerging as an alternative method for 

conducting interviews in qualitative research” (p. 493). The current COVID-19 pandemic might 

change our norm, promoting an increase of email usage as a source of research data in the future. 

This prediction is based on a current measure taken by a university on Vancouver Island in 

response to COVID-19: students are advised to use alternative methods to “face to face 

interviews, focus groups, or large number settings” (Royal Roads University, Personal 

Communications, March 20, 2020) 

Meanwhile in this study, email correspondence is used as a qualitative data collection 

method. Parris (2008) defines correspondence by email as written communication from 

researcher to each respondent and vice versa. During the period from December 2017 to the 

present, I have interacted with various stakeholders through parallel research and business 

processes. Sometimes the purpose was to seek collaboration to solve the VOCs problems; 

sometimes for requesting funding support; and sometimes for reaching out to obtain relevant 

information or to build valuable connections. These interactions were either in the form of email 
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correspondences, or telephone conversations or conference / WeChat group calls. I have also 

traveled, on seven occasions, to China for a duration of 2-4 weeks each time, and several times 

within Canada. These trips were to facilitate face-to-face discussions with the consortium 

partners, attend pertinent trade shows, meet in person with government officials, and/or conduct 

field studies at the sites of furniture companies. Thus, multiple research sources, including 

documentation, interviews, physical artifacts, direct observations, and participant-observation, 

have been inherently embedded in my business activities.  This was necessary as I needed to 

demonstrate a good understanding of the development of events to gain trust from stakeholders. 

Important and relevant information obtained was carefully processed in a timely fashion through 

reflecting, comparing, analyzing, and synthesizing. Most of the information has been captured in 

the internal/external email correspondences, and some were recorded in the meeting minutes or 

other SunHub documents. As business evolved these exchanges were not static; rather they were 

dynamic, iterative, interactive, engaged, and reflective. Therefore, email correspondence was 

chosen for this study for its potential to provide richer and more in-depth research data that 

reflect this dynamic project.  

I denote “in action” to this email correspondence method for the following reasons. First, 

as described previously, action research is research in action which is quite different from basic 

research. Having integrated the role of both researcher and practitioner in this study, there is a 

tendency that my research is driven by the development of the SunHub business. Without 

information generated from the business activities, there would be no case to make this research 

enterprise. Conveniently for the research, all details about the history, process and outcome of 

each action have been already captured by the email correspondences and ready to be tapped 

into. Second, the evaluation element is embedded into the action research as described in the 
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cycles above. Referencing Schön, McNiff (2013) also specifies that “action research…shows the 

processes of self-monitoring, evaluation of practice, purposeful action to improve the practice for 

social benefit” (p. 4.) And this study is all about a self-assessment of a solution proposed by a 

start-up company. To ensure that the assessment is meaningful and objective prior to the 

implementation of the solution, I chose the email correspondences mainly received from other 

stakeholders in their communication exchanges with me throughout the solution validation 

process. Third, “action research is a value-laden practice. It involves reflecting on our values, 

and asking ourselves whether we are living them in practice, and if not, why not” (McNiff & 

Whitehead, 2000, p. 10), in a narrative style (Herr & Anderson, 2014). Unlike conducting normal 

interviews, in this study there were neither any interview questions asked throughout the email 

exchanges; nor were any correspondents being informed in advance that their discourse in the 

emails could be selected for the purpose of this study. It was my intention to understand the 

underlying meaning in these emails and documents to uncover whether there was sufficient 

empirical evidence that our daily practices authentically reflected our sustainability value.  

Although both individual and organizational stakeholder responses have been made 

anonymous to protect their identities and confidentialities, to meet the requirement of the ethical 

review, consents from the correspondents were also sought if their correspondence were to be 

referenced in this study.  

Document review 

Document review, also referred to as document analysis, is “a systematic procedure for 

reviewing or evaluating documents—both printed and electronic (computer-based and Internet-

transmitted) material” (Bowen, 2009, p. 27) and is often used for the triangulation purpose when 

combining with other qualitative research methods (Bowen, 2009). 
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Although SunHub has not accumulated a long company history, as stated previously, 

there are meeting minutes that recorded discussions of the stakeholders, and other SunHub 

documents such as project plans, and the company introduction that can be used for detailed 

examinations. These business-related materials provide relevant background information to this 

study. Together with email records, they are a valuable source of data that paint an illustrative 

picture of how SunHub’s mission and proposed solution have been carried out.  

Data collection 

SunHub’s email exchanges, meeting minutes, and organizational documents were 

selected for this study. The population of emails primarily included the ones in my sent box from 

the period of January 7, 2019 to January 15, 2020 that coincides with the timeframe for the 

solution validation and refinement. This choice was made by following O’Leary’s (2017) 

guidelines of “researchers often limiting their methodological design to a particular context in a 

bid to maximize both relevance and practicality” (p. 215) for three reasons. First, treating 

documentary sources like field notes (Bowen, 2009), I only chose the emails from my sent box to 

closely mimic an interview question and answer process conducted by myself. Like 

transcriptions of unstructured interviews, the back and forth of communication exchanges 

between me and other parties were all recorded and grouped in the chains of emails by subject 

and could be sorted chronologically in the sent box. Second, regarding the relevance aspect 

mentioned by O’Leary above, this chosen period was specific, relevant, and current for 

answering the research question. It covered the time frame in which SunHub moved from an 

unsure, embryonic form of the 3-stage VOC abatement solution concept to a 4-stage, 5-projects 

process then on to be validated as a doable solution design. This time frame also included the 

period from potential partners expressing their interest in forming a consortium in principle to 
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finalizing the agreement and moving forward to the execution plan.  In addition, this time frame 

covered from when a case appeared to be unlikely to be eligible for government funding support 

to winning the first step of grants, and from business activities involving only the end emission 

control project to expanding to the source selection project as well. Third, in terms of the 

practicality perspective, since I had full access and control of these documents and 

correspondences, I could easily include one year’s worth of data; and since I had good 

knowledge and understanding of these documents, it was manageable to cover this volume, 

especially when there were tools to help with this activity.  After downloading these emails to 

Excel and filtering to this defined period, the total population of emails recorded 636 items, in 

either English or Chinese.   

The sample selection was not random, rather, it was a purposeful sampling strategy that 

enabled “access to key informants in the field who can help in identifying information-rich 

cases” (Suri, 2011, p. 4), and was deliberate with the aim to conduct objective and unbiased 

research.  I first excluded the emails that were sent to SunHub’s consultants, including the co-

founder, whose opinions might be perceived to be biased given that we could share similar views 

and interests in certain aspects. Then I disregarded emails that were obviously irrelevant to the 

research question.  As a result, a total of 298 Excel records remained with each record 

representing an individual email exchange between the correspondent and myself, either I was 

the recipient, or I was copied on the email.  

In Microsoft Outlook, a specific function automatically groups those “back and forth” 

emails that are under the same subject into a single thread. In the end, 48 email threads were 

generated, along with 12 documents that consist of meeting minutes or items such as 

project/action plans, a total of 60 source documents were selected for further review. 
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Research Limitations and Ethical Considerations  

The research design and data collection methods were reviewed and approved by the 

Royal Roads University Research Ethics Board.  

There are multiple limitations and ethical considerations involved in this research. First, 

my primary purpose for completing this research is twofold; to fulfill academic requirements and 

to acquire adequate knowledge through a guided systematic, rigorous research process that I can 

apply immediately to solve real-life environmental problems. It will also allow me to explore the 

possibility of documenting the research process from the perspective of a single person acting in 

two roles, that of researcher and practitioner, while applying into practice, the knowledge and 

information already existing in the research community, for a greater contribution towards 

achieving sustainability in real life. Therefore, I attempt to link, as closely as possible, the 

research with reality in this study. However, the world’s uncertainty and complexity pose 

tremendous challenges, and as a result, these situations may constantly force modifications to be 

made throughout the thesis project. For example, because real life did not unfold as planned, 

even though I was halfway through my project, I had to change the research topic and adjust the 

design to adapt to the circumstances. On the positive side, I had an opportunity to delve into 

more thorough and rigorous research about finding sound solutions for addressing both business 

and thesis issues, which led to the proposal of a 4-stage VOC abatement solution and the current 

research topic.    

Second, although questions and answers among correspondents are naturally developed 

in these prolonged business email exchanges, they are not framed to answer a specific research 

question. Additionally, reading the message from an academic perspective can be quite different 

from a business perspective as unspoken knowledge of the events and the people may be absent 
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in words. As a result, the themes may not be easily determined from words on the surface, one 

must read “between the lines” and go deeper to understand the underlying meaning (O’Leary, 

2017).   

  Third, conflict of interest is a major concern. One factor is the dual roles in which I act as 

both the researcher and a practitioner in this study. I was very conscious of this matter and 

strived to maintain objectivity in data selection, review, analysis, and interpretation for 

minimizing potential bias. This conflict situation has been made known to all relevant parties and 

acknowledged by them through the ethical review processes. Another factor is that acting in self-

interest is human nature and it could be argued that SunHub has attempted to align personal 

interests with the common goals of this project. If the system is designed appropriately, self-

management by engaged parties may potentially regulate the situation on its own. 

 Fourth, subjective bias is generally perceived in a case study; as described by Flyvbjerg 

(2006) some people think “case study is subjective, giving too much scope for the researcher’s 

own interpretations” (p.2). To reduce such risk, deliberately seeking advice from different people 

can ensure more consistent opinions. Also, SunHub internal consultants’ views were removed to 

minimize the subjectivity so that it would not have impact on the study results.  

Fifth, a case study might be perceived to be less rigorous and reliable than scientific 

methods. However, Flyvbjerg (2006) argues that “the advantage of large samples is breadth, 

while their problem is one of depth. For the case study, the situation is the reverse. Both 

approaches are necessary for a sound development of social science” (p.26). Thus, providing 

sufficient details during each step of the process and attempting to present both positive and 

negative views objectively can demonstrate rigor (Meyrick, 2006) in the study and effectively 

minimize subjectivity and achieve reliability and validity goals.  
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Finally, confidentiality and privacy could be another concern if important and sensitive 

information of consortium partners’ strategic positions are revealed to a third party or to the 

public. Any references that could, or be implied as such, have been carefully removed or 

masked. Consent for the use of email correspondence has been sought and given. 

Results  

All 60 emails, Word and PDF documents were imported to NVivo for further analysis. 

Following deductive logic, each document was examined line by line to locate significant 

information that is relevant to those 11 predefined sustainability indicators (see Table 3 in the 

NVivo step-by-step process for determining sustainability indicators section of this report, which 

are repeated below in Figure 3). Once found, the information was then coded according to its 

relevant theme as described previously in the same NVivo section. Additionally, 3 grandchild 

nodes under the ‘Reduce operating costs’ child node were also created for facilitating informed 

decision-making. Figure 3: NVivo Sustainability Nodes shows the detailed sustainability node 

structure.  
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Figure 3: NVivo Sustainability Nodes 

 

In this Figure, the Files column captures the number of source documents, and the 

References column includes the number of passages that are relevant to each defined node. For 

example, I coded the ‘Economic Criteria’’ node as having a total of 51 references, the highest in 

all categories/subcategories, that were found in 16 different source documents; but coded zero 

reference for its child node ‘Increase productivity’.  

While going through this source data, new themes emerged which called upon inductive 

reasoning to capture information such as engagement and sentiment of external parties in their 
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responses related to the SunHub’s 4-stage VOC abatement solution concept. Such information 

about one’s behaviors, opinions, and attitudes can be vital to the determination of the 

sustainability of the solution itself; therefore, ‘Active Engagement’ was created as a new parent 

node. Thematic analysis technique was used for this data analysis as thematic analysis involves 

thoroughly examining, carefully coding, and properly categorizing the selected data for 

uncovering themes (Bowen, 2009). Guided by Bowen and a series of ten YouTube videos on the 

topic of conducting qualitative analysis in general and/or with assistance of NVivo by Philip 

Adu, PhD (Methodology Related Presentations - TCSPP, 2015-2018), all significant information 

related to stakeholders’ engagements were then coded into the themes. Afterwards, these coded 

messages were categorized, according to the type of organization, into three child nodes:1) 

‘Government_Nonprofit Org Support’, 2) ‘Industry_Academia Support’, and 3) ‘SunHub 

Consultants Support’. Some of these child nodes were broken down further by purpose and 

country. For example, the ‘Government/Nonprofit Organizations Support’ child node is further 

categorized for segregating ‘Activity Support’ from ‘Funding Support’. Then ‘Activity Support’ 

was further divided into ‘Canadian Support’ and ‘Chinese Support’; and ‘Funding Support’ was 

also subcategorized to allow me to differentiate the funding source either for the purpose of 

‘Academic Research’ or ‘SunHub business’. The ‘Active Engagement’ node structure is shown 

in Figure 4: NVivo Sustainability Nodes – Active Engagement as follows. 
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Figure 4: NVivo Sustainability Nodes – Active Engagement: 

  

Discussion  

To address my research question “How can sustainability of the VOCs abatement 

solution proposed by SunHub Inc. for SMEs in the furniture industry be assessed?” this section 

examines the results in detail to evaluate: 1) whether the aforementioned sustainable elements 

have been integrated into the solution; and, 2) whether the solution could sustain itself.  

Has Sustainability been Integrated into the Solution? 

The following empirical evidence demonstrates that the VOC abatement solution 

proposed by SunHub has taken into consideration each theme defined in Figure 3; therefore, it 

shows that the predefined sustainable elements were integrated into the solution. Table 4: 

Sustainability Indicators Analysis Summary provides an explanation and evidence for each 

theme (parent node) and subtheme (child node).  
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Table 4: Sustainability Indicators Analysis Summary 
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Could the Solution Sustain Itself?  

Could the SunHub VOCs abatement solution for the furniture industry sustain itself or be 

long lasting? This question is discussed as follows.  

First, a sustainable, long-lasting solution must be effective in solving the stated problem. 

Sharma and Henriques (2005) classify sustainability practices into six categories: pollution 

control, eco-efficiency, recirculation, eco-design, ecosystem stewardship, and business 

redefinition. Using the Canadian forestry industry as an example, they conclude that “the 

industry and its stakeholders moved beyond a focus on early stages of sustainability performance 

such as pollution control and eco-efficiency” (p. 159). The industry has already transited 

sustainability practices towards the other end of the spectrum, focusing on the intermediate 

phases of material recirculation and redesign of products and processes. However, in terms of the 

redefinition of business and industrial ecosystems that require firms to be strategically located 

for facilitating material exchange and waste usage by other firms, it is still in its infancy (Sharma 

& Henriques, 2005).  

Thus, to achieve the sustainability goal, it is more sensible for a start-up company such as 

SunHub to adopt a forward thinking and a proactive approach in defining the business model that 

will promote environment and social equity. However, it is easier to say than to do. How can 

SunHub achieve this? Barnett et al., (2018) point out that “sustainability issues tend to be wicked 

problems that require cooperation across parties and over time to define and resolve” (p. 2). 

Furthermore, Sharma and Henriques (2005) state that social, ecological, and economic 

stakeholders who are either involved in the withholding of resources or involved in the targeted 

usage of resources can directly or indirectly influence business practices of industries. They 

suggest that the advanced sustainability practices “require innovation and knowledge-based 
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approaches” (p. 175). Therefore, SunHub reached out to the related industries, governments, 

academia, and associations that share the common goals for designing, developing, and 

implementing the solution together. It is generally believed that collaborative efforts yield better 

outcomes.  

Second, a sustainable, long-lasting solution must be appealing to stakeholders in order to 

gain their support. SunHub has received positive feedback from various sources: 1) a few 

consultants decided to join SunHub; 2) three industrial partners with whom SunHub had had 

interactions in the past agreed to form a strategic alliance to implement the solution; 3) both the 

Canadian and Chinese governments provided strong assistance for this initiative, through active 

involvement or funding support; 4) a non-profit organization awarded me with a grant to conduct 

this study. Stakeholders’ active engagement in SunHub’s business activities are illustrated in the 

Table 5: Active Engagement Analysis Summary as follows. 
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Table 5: Active Engagement Analysis Summary 

 



SUSTAINABILITY ANALYSIS   62 
 

 



Running head: SUSTAINABILITY ANALYSIS  63 
 

 



SUSTAINABILITY ANALYSIS   64 
 

 



SUSTAINABILITY ANALYSIS   65 
 

 

 



SUSTAINABILITY ANALYSIS   66 
 

 



SUSTAINABILITY ANALYSIS   67 
 

 

 



Running head: SUSTAINABILITY ANALYSIS  68 
 

Third, a sustainable, long-lasting solution must be oriented to a longer term with 

consideration of welfare of future generations. According to Sharma and Henriques (2005),  

economic stakeholders are likely to focus on short-term regulatory issues related to 

pollution control, market issues related to sustainable certification, and economic issues 

such as eco-efficiency. Only when social and ecological stakeholders without an 

economic stake are focused on long-term sustainability impacts of business, intra-

generational equity, human rights, and long-term ecosystem health, will they challenge 

fundamental business models and frames of reference. (p. 67)  

SunHub attempts to embed and integrate the economic, social and ecological concerns to ensure 

that both short-term and long-term benefits are considered.  

Fouth, a sustainable, long-lasting solution must be comprehensive and credible so that it 

can pass rigorous examination. Therefore, to build credibility and a reputation that is extremely 

important for businesses, especially start-ups, SunHub deliberately sought and successfully 

passed lengthy external reviews through funding applications both for SunHub’s business and 

my academic research which are summarized above in Table 5. In addition, a third party 

documented a similar 4-stage approach: 1) in-process control; 2) product replacement; 3) end 

emission control; and 4) VOCs monitoring (original language is Chinese; I translated it to 

English myself) (Clean Air Alliance of China, 2015). This approach confirms the soundness of 

the solution.  

Fifth, a sustainable, long-lasting solution must be able to be replicated, not just for the 

stated issue. Although this solution targets specifically the VOCs problem of the furniture 

industry, the underlying systems thinking, life cycle principles, the action research-practice 

approach, the 4-stage from source to end-emission control process can be replicated to tackle a 
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wide range of the global environmental problems,  such as plastics, sewage, recycling, polluted 

soil, contaminated sites, and renewable energy, as well as social issues, such as poverty and 

inequitable access to quality education, that we currently face. Sustainability consultants, such as 

those of SunHub, can play a significant role in influencing the development of the solutions 

because we can gear our business activities towards the desired outcome. For example, when 

responding to a request for assisting a Chinese waste-to-energy technology to enter Canada, I 

was able to use the VOC abatement solution concept to advise this client in a different field and 

connect her with more appropriate expertise (a client, personal communications, May 8, 2020). 

Moreover, the VOCs abatement solution is dynamic. It will be updated accordingly as we 

acquire more knowledge from our stakeholders and our experience along the process so that the 

solution remains current.    

Last, a sustainable, long-lasting solution must be flexible and resilient as ups and downs 

are natural in businesses. What really makes a difference is how we have addressed these 

challenges in our business journey. When we recive a negative reference, such as “current 

market bias and exclusion towards the non-thermal plasma technology for abating VOCs in 

China” (Consortuim partner #1, personal communications, April 19, 2018) , our approach is to 1) 

find the reasons for such bias, 2) search for scientific evidence and experts’ opinions, 3) 

determine the strategies for action. Specifically, for this case, we realized that there is a 

misunderstanding about the NTP functionalities, our strategy is to first promote consortium 

partner #2’s NTP technology for odor treatement, as NTP has been widely accepted for this 

function and there is a strong market interest in China. A demonstration project is expected to be 

commissioned in June 2020 (due to various reasons, the dates have been delayed several times). 
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If NTP is accepted by a few customers who subsequently are satisfied with the performance of 

the technology, we will then assess whether it is beneficial to proceed with the R&D project.   

Conclusion 

To address the research question “how can sustainability of the VOCs abatement solution 

proposed by SunHub Inc. for SMEs in the furniture industry be assessed?”, I conducted a two-

phase study. Phase 1 was guided by a system thinking and a life cycle process in the literature 

review to determine a set of appropriate sustainability indicators. Phase 2 adopted action research 

and case study research as the overarching methodologies in reviewing email correspondence 

between SunHub and its stakeholders, and SunHub documents to assess whether these 

sustainability indicators have been integrated into the VOCs abatement solution and whether the 

solution could sustain itself. Empirical evidence provided demonstrates that the VOCs abatement 

solution proposed by SunHub has taken into consideration the predefined sustainability elements. 

Further analysis of the research data from the perspectives of effectiveness, appeal, long-term 

orientation, credibility, replicability, flexibility and resilience illustrate that the abatement 

solution itself is sustainable and long-lasting. Therefore, after rigorous examination and 

assessment, the conclusion of this thesis is that the 4-stage VOCs abatement solution proposed 

by SunHub Inc. for SMEs in the furniture industry in China is sustainable and should be 

advanced to the next step for implementation.  

This study makes the following contributions to the literature and the research 

community: 1) A sustainability assessment should begin upfront at the conceptulization, solution 

design stage and follow through, in a natural manner, in every action throughout the 

developmental and operational processes; 2) this study draws attention to the need to support 

SMEs and entrepreneurs in various industries who are less equipped in terms of resources, yet 
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who represent a major part of forces contributing to our prosperity; 3) it confirms that, with 

proper guidance from academic advisors and relevant literature, action research which integrates 

researcher and practioner roles, is a strategic approach for exploring appropriate theory and 

empirical evidence to support effective problem solving and decision-making. It also confirms 

that this approch can be replicated for addressing other sustainability issues. 

 The current COVID-19 pandemic has revealed various environmental and social 

problems; simutanously, it presents numerous opportunities, especially to those researchers who 

are passionate about sustainable development, who have entrepreneural spirits, and who aspire to 

take actions for effecting the desired changes. Remember, we can do both, research and action in 

one shot – action research!   
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Auto Coding Node Matrices – Relevant Themes 

 

 

 

 


