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ABSTRACT: Carbon emissions of clinical trials have been one of the contributors to global emissions. 
However, the clinical research industry, particularly contract research organisations (CROs) engaged in 
trials, has received little attention in the existing literature regarding their carbon footprint. This research 
examines the sustainable practices implemented by leading global CROs and how these practices influence 
scope 1 and 2 CO2 emissions. The findings show that increasing the number of sustainability initiatives is 
insufficient to achieve a measurable reduction in emissions. At the same time, whilst some sustainable 
practices, such as building upgrades and real estate improvements, lead to a reduction in scope 1 and 2 
emissions, others, such as equipment upgrades, are associated with higher emissions. The study, therefore, 
uncovers a counterintuitive finding—that renewable energy practices showed a positive correlation with 
emissions. This may be viewed as a paradox, although it serves as a critical warning against measuring 
sustainability by the quantity of initiatives, rather than their quality or ultimate effect. By assessing the 
impact of organisational environmental practices on emissions, the study contributes to knowledge by 
providing a more nuanced understanding of the effectiveness of environmentally sustainable business 
strategies adopted by CROs. 

Keywords: Contract research organisations; Clinical trials; Scope 1 emissions; Scope 2 emissions; 
Sustainability initiatives; ESG reporting 
 

1. Introduction 

Greenhouse Gas (GHG) emissions are becoming an increasingly significant environmental concern, 
contributing to climate change and long-lasting effects that adversely impact global ecosystems, weather 
patterns and human health [1]. Carbon emissions, in particular, are a major contributor to the global GHG 
effect, necessitating the implementation of environmentally sustainable strategies to mitigate harmful 
emissions [2]. The Greenhouse Gas Protocol, a globally recognised standard for the measurement and 
management of GHG emissions, defines three scopes of emissions within its reporting framework [3]. 



Ecol. Civiliz. 2026, 3(2), 10002. doi:10.70322/ecolciviliz.2026.10002 2 of 20 

 

Scope 1 emissions refer to an organisation’s direct carbon emissions, i.e., from sources the firm owns or 
controls, such as fuel combustion from boilers or furnaces, and process emissions resulting from 
manufacturing/industrial processes [4]. Scope 2 emissions are defined as indirect carbon emissions arising 
from the purchase of energy, such as electricity and steam [4]. Scope 3 carbon emissions are indirect 
emissions that occur in the organisation’s upstream and downstream supply chain. 

These scopes account for the largest share of the companies’ total carbon footprint. By mitigating these 
emissions, organisations can develop accountable sustainability strategies and make tangible progress 
toward achieving global climate goals [5]. The clinical research industry and, especially, contract research 
organisations (CROs) have received little attention in extant studies regarding their carbon footprint. CROs 
are private firms contracted to conduct various clinical research functions on behalf of pharmaceutical, 
biotechnology and medical device organisations undertaking studies in human subjects [6]. This research 
aims to examine the environmentally sustainable practices implemented by leading global CROs and 
investigate what impact this practice has on scope 1 and 2 CO2 emissions. Scope 3 emissions are beyond 
this study, as scope 1 and 2 emissions are the most direct indicators of operational efficiency improvements 
made by CROs. In this study, a grouping of CROs is considered to be leading organisations as these are 
influential, well-established companies whose environmentally sustainable practices are likely to be 
borrowed by other CROs and commonly used across the sector [7–9]. 

2. Literature Review 

2.1. Carbon Emissions of Clinical Trials 

Clinical trials provide a systematic, evidence-based method for determining the safety and efficacy of 
novel therapies and medical devices [10]. The importance of clinical trials is underscored by a range of studies, 
e.g., [11], which examined the growing incidence of communicable and non-communicable diseases 
worldwide. Although clinical trials are essential from a public health perspective, ref. [11,12] highlight the 
growing need for decarbonisation of clinical trials, noting the substantial contribution of trials to global GHG 
emissions. However, little has been done to reduce clinical trial carbon consumption, even though the threat 
from climate change has significantly increased and continues to grow [12]. Ref. [13] explains that the 
healthcare sector is one of the most carbon-intensive industries globally, contributing between 4.4% and 4.6% 
of GHG emissions. Clinical trials, specifically, are a significant contributor, with recent studies indicating 
global clinical trial emissions equate to 27.5 million tonnes of GHG emissions [13]. 

Given the considerable impact of scope 1 and 2 emissions on the GHG effect, clinical research 
organisations must implement appropriate mitigation strategies to curb their emissions. However, despite 
growing environmental concerns and the significant emissions contributions of the clinical research 
industry, this industry, in general, and the CRO sector in particular, has received little attention in existing 
literature regarding its carbon footprint. Data shows that CROs are now responsible for conducting about 
75% of clinical trials globally [8]. CROs play a pivotal role in the successful execution of clinical trials, 
supporting the development of new therapies and devices, and ensuring all aspects of the trial are 
implemented in line with ethical and regulatory requirements [14]. 

2.2. Current Knowledge: The Pharmaceutical Sector’s Emissions and CROs 

In this study, a comprehensive literature review was conducted to assess current knowledge in the field 
and identify gaps in the existing literature. This review identified no publications focusing on CROs’ 
environmental sustainability. Although several studies provide evidence that clinical trials are a significant 
contributor to global carbon footprint [12,13], extant knowledge is lacking in relation to the environmental 
sustainability performance of the CROs responsible for trial execution. The literature focuses mainly on 
larger pharmaceutical companies, rather than the CROs these companies contract for trial management. 
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Studies by [12,15–17] explore the carbon footprint of the pharmaceutical sector and clinical trials as a 
whole, highlighting the growing need for decarbonisation and proposing strategies for emissions reduction. 

Research by [18–22] employs a more focused approach, examining the carbon footprint of specific 
organisations and their progress towards achieving emissions reduction targets. Although clinical trials in 
general, as well as some leading organisations in the pharmaceutical sector, are explored to some extent in 
existing research, most authors note a surprising lack of knowledge in this area, given the industry’s 
emissions intensity. Given the very high proportion of clinical trials conducted by CROs worldwide (75%), 
the lack of current knowledge about CROs and their emissions should be viewed as a critical gap that 
provides a rationale for this study. The gap is linked to the unique operational profile of CROs (e.g., energy-
intensive laboratories vs. standard office spaces; CROs’ emphasis on experiments and tests that involve 
emissions, often significant, rather than office work). Due to CROs’ unique features, general studies of the 
pharmaceutical sector or selected companies are insufficient, which justifies the current paper’s focus on 
CROs and their emissions intensity. 

2.3. Importance of CROs’ Environmental Sustainability and Knowledge Gap 

In the context of clinical research, clients, employees, investors, industry peers and the wider 
community are increasingly engaged with climate change [17]. Stakeholders, including funders and 
sponsors, are expected to provide justification for their clinical trial carbon footprint and emissions 
reduction efforts [12,16]. Stakeholders are increasingly placing value on environmental sustainability [23–
25], which is driving a sustainability improvement agenda among CROs [26]. CROs’ stakeholders are 
progressively withdrawing capital and/or switching to competitor organisations in those cases where 
environmental performance is lacking [15]. Whilst many CROs are setting the 2030 GHG reduction targets, 
the existing knowledge gap means very little is known about the practices these organisations are 
implementing now in order to achieve these, and what effect these practices are having on emissions. 

Aiming to bridge the knowledge gap, at least in part, this study is expected to contribute to a more 
nuanced understanding of the effectiveness of environmentally sustainable business strategies adopted by 
CROs. In addition to the assessment of benchmarking practices exemplified by the leading CROs within 
the clinical trials industry, the study’s findings may also aid in identifying best practices that could influence 
industry-wide carbon emissions reduction efforts, keeping in mind that the clinical research industry is a 
significant contributor to the global carbon footprint. 

3. Research Questions 

To investigate the impact of the CROs’ environmentally sustainable practice on scope 1 and 2 CO2 
emissions, the following research questions were set. 

RQ1: Have CROs that implemented a greater number of environmentally sustainable practices 
achieved a greater decrease in scope 1 and 2 emissions in comparison to those CROs that have implemented 
fewer environmentally sustainable practices within the same timeframe? 

RQ2: Does CRO’s implementation of a larger number of sustainable practices within a specific category 
enable a greater reduction in emissions compared to the implementation of practices in other categories? 

Therefore, this research seeks to examine, first, whether the implementation of a greater number of 
practices overall facilitates a greater decrease in emissions. Second, the study investigates whether the 
implementation of a greater number of specific types of environmentally sustainable practices enables a 
greater reduction in emissions than other sustainable practice types achieve. 

The following hypotheses were developed. 
To address RQ1: 
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H0: The number of environmentally sustainable business practices implemented does not have a significant 
effect on the reduction of scope 1 and 2 emissions. 

H1: There is a strong negative relationship between the number of environmentally sustainable business 
practices implemented and the total scope 1 and 2 emissions. 

To address RQ2: 

H0: There is no difference in the reduction of scope 1 and 2 emissions across categories of sustainable 
practices implemented. 

H1: Certain categories of sustainable practices lead to greater reductions in scope 1 and 2 emissions 
compared to others. 

4. Method 

4.1. Research Approach 

A quantitative content analysis approach was employed to guide data collection and analysis. This 
approach was selected because the research comprises the collection and analysis of numerical data and 
performs statistical analyses to test hypotheses, measure relationships between variables and draw 
conclusions. The emissions data that forms the basis of the dependent variable encompasses scope 1 and 2 
emissions only. This is because organisations have greater control over scope 1 and 2 emissions compared 
to Scope 3 [27]. Therefore, the focus of this research is emissions at scopes 1 and 2, as this study seeks to 
examine the relationship between ESG practices implemented and subsequent emissions. The quantitative 
content analysis approach encompasses three key steps: sampling, data collection, and data analysis, which 
are outlined below. 

4.2. Sampling 

A purposive sample of CROs was sought for this study. The aim was to identify a sample of 
organisations that generate the highest revenue and, therefore, are most active in the CRO sector. The top 
20 global CROs, based on their 2023 annual revenue, were selected. Out of these firms, only those that 
consistently reported annual emissions data (alongside their environmentally sustainable practices) for at 
least three consecutive years were selected. This ensured accurate and reliable data collection and analysis. 
This also afforded the opportunity to conduct a comparative analysis that includes each of the 20 
organisations, for each year within the five-year timeframe, to investigate which practices were 
implemented and their subsequent impact on emissions. The annual ESG reports for these organisations 
were reviewed, revealing that only 7 out of 20 had reported annual scope 1 and 2 emissions data and 
environmentally sustainable business practices consecutively, throughout this five-year timeframe. These 
organisations and data availability covering this period are detailed in Table 1. 

Table 1. Annual ESG data availability. 

Organisation 2019 2020 2021 2022 2023 
Thermo Fisher Not Available Not Available Available Available Available 
WuXi AppTec Available Available Available Available Available 

Labcorp Not Available Not Available Not Available Available Available 
Charles River Available Not Available Available Not Available Available 

IQVIA Available Available Available Available Not Available 
ICON Available Available Available Available Available 

Parexel Available Available Available Available Available 
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4.3. Data Collection 

This study used secondary data from publicly available reports obtained from the websites of each 
organisation, e.g., Charles River Laboratories [28], IQVIA [29–33], Labcorp [34–36]. This data comprises 
scope 1 and 2 emissions (reported in MTCO2e) and the environmentally sustainable practices implemented 
throughout the set timeframe. The focus on secondary data is well justified as the study seeks to examine 
existing data and their impact on emissions, with the intent to draw objective conclusions. 

Emissions data were extracted manually from each document and categorised by year for each 
organisation. This data is summarised in Table 2. 

Table 2. Annual Emissions Data. 

 
2021 2022 2023 

Scope 1 Scope 2 Scope 1 Scope 2 Scope 1 Scope 2 
Thermo Fisher 327,183.00 313,561.00 329,290.00 267,752.00 331,463.00 229,110.00 
WuXi AppTec 15,310.02 347,248.63 19,453.58 495,184.83 68,853.62 467,798.35 

ICON 23,388.00 15,155.00 2211.00 13,573.00 2503.00 13,663.00 
Paraxel 3013.00 19,196.00 3104.00 6017.00 2924.00 6943.00 

The reports were analysed, and all data pertaining to emissions-related environmentally sustainable 
practices implemented by each organisation, for each reporting year, were extracted manually. To ensure no 
data was missed, a cross-check was conducted on each document by applying the search function to find the 
following terms: “environment”, “emissions”, “scope”, “carbon”, “footprint”, “energy”, “greenhouse”, and 
“GHG”. As this research is focusing on scope 1 and 2 emissions only, practice relating to Scope 3 emissions, 
as well as the economic and social sustainability pillars, was excluded. Quantitative content analysis was 
conducted to analyse and interpret data obtained from the ESG reporting, grouping environmentally 
sustainable practices under respective themes and determining the frequency each theme appears. 

First, every environmentally sustainable practice was extracted manually from each report and listed 
individually in Excel by reporting year. A “yes” or “no” value was assigned to each individual practice, for each 
organisation, to indicate if this practice was implemented by each organisation in that year. Each practice was 
listed individually to aid categorisation within the coding framework and ensure that they were mutually exclusive, 
i.e., each practice could only be present in one category. The coding framework is provided in the Appendix A. 

The content analysis approach was guided by research of [21], wherein each practice, listed 
individually, was analysed to identify specific words and phrases, thereby enabling categorisation of each 
practice under a specific theme. The analysis was conducted manually, and values were assigned to each 
practice in Excel, as detailed in the coding framework. As this research embraces a range of specific 
practices, each code is assigned equal weight in the analysis. The extracted data demonstrated various 
common themes, within which each of the sustainable business practices could be grouped. These themes 
were categorised (see Table 3) and assigned a value of 1 to 8 based on a category: 

Table 3. Sustainable practice themes. 

Category Code 
Equipment Upgrade 1 
Renewable Energy 2 
Building Upgrades 3 

Emissions Assessment and Tracking 4 
Real Estate 5 

Employee Training/Networking 6 
Waste 7 

Targets and Initiatives 8 
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This study focuses on scope 1 and 2 emissions only; scope 3 emissions and practices pertaining to other 
environmental concerns, such as hazardous waste disposal, recycling and water usage, were excluded. 

5. Data Analysis and Findings 

This section presents the analytical approaches used to explore the relationship between the 
implementation of environmentally sustainable practices and scope 1 and 2 emissions among CROs. It 
begins with a descriptive statistical analysis of the frequency and trends of practice implementation across 
organisations and reporting years. Following this, statistical techniques were used to evaluate the 
correlation between the number of practices implemented and changes in scope 1 and 2 emissions, 
addressing the first research question. To answer the second research question, further correlation analyses 
were conducted by sustainable practice category to determine whether specific types of practices were more 
strongly associated with emissions reduction than others. 

5.1. Descriptive Statistics of Practice Implementation 

The data were entered into SPSS to generate descriptive statistics showing the frequency with which 
each type of practice was implemented in each reporting year. Values from 1 to 8 were assigned (as Table 
4 shows) to each type of sustainable business practice. 

Table 4. The outcome of the Spearman correlation analysis between dependent variables and emission practices. 

Variable Relationship with Emissions Correlation Coefficient p-Value 
equipment upgrades Positive 0.733 0.007 

renewable energy practices Positive 0.780  0.003 
building upgrades Negative −0.741 0.006 

between emissions assessment/tracking practices Week 0.145 0.653 
real estate practices Negative −0.787 0.002 

training/networking practices Negative −0.607 0.036 
waste-focused practices Week −0.078 0.809 

targets and initiatives-focused practices Week 0.043 0.895 

The reporting year was assigned a value of either 1, 2 or 3, corresponding to a reporting year of 2021, 
2022 and 2023, respectively. As specified by [37], ordinal and nominal variables are both categorical 
(ordinal variables have a meaningful order, whilst nominal variables do not). Hence, the sustainable practice 
variable was assigned as nominal, whilst the reporting year was assigned as ordinal. Bivariate analysis 
should be used when conducting descriptive analysis for two variables, as this seeks to explore both 
variables in relation to each other [38]. As the purpose of this analysis was to visualise the types of 
sustainable practices and the number of organisations that had implemented them in each reporting year, a 
bivariate analysis was conducted. The output is presented in the cross-tabulation frequency table and bar 
chart, shown in Figure 1. 

The frequency of most practice types implemented increases year on year (with the exception of 
renewable energy practices that increased by 1 between 2021 and 2022), then remains the same in 2023, 
with 8 practices implemented. Generally, practices pertaining to building/equipment upgrades are the most 
frequently occurring, in addition to environmental targets/initiatives that demonstrate a significant increase 
year on year. These findings are consistent with research by [21] who reported similar observations in a 
sample of 20 pharmaceutical organisations within the same timeframe. 



Ecol. Civiliz. 2026, 3(2), 10002. doi:10.70322/ecolciviliz.2026.10002 7 of 20 

 

 

Figure 1. No. of sustainable practices implemented. 

5.2. Implementation Patterns Across Organisations 

To better understand the number of practices implemented by each organisation, separate bivariate 
analyses were conducted to find out the frequency with which each practice type was implemented by each 
organisation per reporting year. The outputs are presented in Figure 2. 

Thermo Fisher implemented the greatest number of sustainable practices—56 in total (11 in 2021, 18 
in 2022, and 27 in 2023) [39–41]. The majority of these (17) pertain to equipment upgrades, followed by 
targets/initiatives-focused practices that account for 15 practices overall. The least frequently occurring 
practices are those pertaining to Real Estate, Training/Networking, and Waste, with 0 practices 
implemented in 2021 or 2022 and 2 practices implemented in 2023 for each category, respectively. 

 

Figure 2. No. of sustainable practices implemented. 
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WuXi App Tec implemented the fewest number of practices—31—overall (6 in 2021, 11 in 2022, and 
14 in 2023) [42–45]. The most frequently occurring practice type is Equipment Upgrades, with a total of 
12 practices implemented (2, 5, and 5 in 2021, 2022, and 2023, respectively). Targets/initiatives-focused 
practices were implemented least frequently, with 0 reported in 2021 and 2022, and 1 reported in 2023. 

ICON implemented the second greatest number of sustainable practices—51 in total (11 in 2021, 18 in 
2022, and 22 in 2023) [46–50]. The majority of these (13) pertain to building upgrades, followed by real 
estate-focused practices that account for 11 practices overall. The least frequently occurring practices are 
those pertaining to waste, with 0 implemented in 2021, and 1 practice reported in each 2022 and 2023. 

Parexel appears to place more focus than the other organisations on practices pertaining to building 
upgrades, with 16 practices out of 45 within this category (5 reported in each 2021 and 2022, and 6 reported 
in 2023) [51–53]. The least frequently implemented practice types are those related to equipment upgrades 
and renewable energy, with 0 practices reported for either category in 2021, and 1 practice implemented in 
each category in 2022 and 2023. 

For the purposes of data visualisation, the emissions data outlined in Table 3 were input into Excel, 
and clustered bar charts were created, detailing the emissions data reported by each organisation, for each 
year. These are presented in Figure 3. 

As demonstrated above, Thermo Fisher Scientific has the highest total scope 1 and 2 emissions, 
reporting 640,744, 597,042, and 560,573 (MTCO2e) per year in 2021, 2022 and 2023, respectively. It is, 
however, the only organisation that has consistently reduced total scope 1 and 2 emissions each year. In 
contrast, WuXi App Tec reported an increase in total scope 1 and 2 emissions each year, whilst ICON and 
Parexel reported a reduction between 2021 and 2022, followed by a slight increase in 2023. The emissions 
data in Table 3 were used to calculate the percentage change in total emissions between 2021 and 2023. 
This indicated that Parexel has achieved the greatest overall percentage decrease in total scope 1 and 2 
emissions (55.57%), followed by Thermo Fisher Scientific and ICON, with a total percentage decrease of 
12.51% and 7.85%, respectively. Total scope 1 and 2 emissions for Wuxi App Tec, however, increased by 
48.02% between 2021 and 2023. 

 

Figure 3. The emissions data reported by each organisation for each year. 
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5.3. Assessing the Impact of Sustainable Practices on Emissions 

To answer research question 1, the following variables were defined: 
Independent variable: Number of environmentally sustainable business practices implemented. 
Dependent variable: Total scope 1 and 2 emissions (MTCO2e). 
To analyse the relationship between the independent and dependent variables, correlation analysis was 

conducted. First, inferential statistical analysis was conducted to determine the strength and direction of the 
relationship. To ascertain the most appropriate correlation method, normality testing was conducted via the 
Shapiro-Wilk test in SPSS to establish whether the data were normally distributed. This output is provided 
in Table 5. 

Table 5. Tests of Normality output. 

 Kolmogorov-Smirnov Shapiro-Wilk 
 Statistic df Sig. Statistic df Sig 

Total Scope 1 and 2 Emissions 0.318 12 0.002 0.761 12 0.003 

As explained by [54], if data are normally distributed, the Shapiro-Wilk test will return a Sig. 
value >0.05. The data show the Sig. value is 0.003, which is therefore indicative of abnormal data 
distribution. Therefore, parametric testing methods, such as the Pearson correlation, are unsuitable. Where 
data are not normally distributed, non-parametric testing methods, such as the Spearman correlation, are 
more appropriate [55] as these do not assume normality of the data. Non-parametric correlation analysis 
was, therefore, conducted in SPSS via the Spearman correlation. The analysis output is provided in Table 6. 

Table 6. Spearman’s correlation. 

Correlations 

 Number of Sustainable 
Practices Implemented 

Total Scope 1 and 2 
Emissions 

Spearman’s 
rho 

Number of Sustainable Practices 
Implemented 

Correlation Coefficient 1 −0.169 
Sig. (2-tailed)  0.599 

N 12 12 

Total Scope 1 and 2 Emissions 
Correlation Coefficient −0.169 1 

Sig. (2-tailed) 0.599  

N 12 12 

The Spearman correlation coefficient is measured on a scale ranging from +1 (perfect positive linear 
relationship) to −1 (perfect negative linear relationship), whilst a correlation coefficient of 0 is indicative 
of no relationship between variables [56]. It can, therefore, be concluded that the variables demonstrate a 
weak negative correlation (−0.169). This means that as the value of the independent variable increases, the 
value of the dependent variable decreases [57]. However, this relationship is weak, and as the p-value (0.599) 
is >0.05, this indicates it is not statistically significant [58]. This allows us to confirm whether the null 
hypothesis should be accepted or rejected. By setting α = 0.05, obtaining a p-value < 0.05 indicates this 
value is smaller than the specified significance level (5%), demonstrating there is <5% chance the strength 
of the relationship occurred by chance if the null hypothesis were true [59]. However, as the p-value is >0.05, 
in this case, the null hypothesis should be accepted, and the alternative hypothesis rejected. It can therefore 
be concluded that the implementation of a greater number of sustainable business practices does not 
facilitate a greater reduction in total scope 1 and 2 emissions. 
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5.4. Analysis of Emissions Reduction by Sustainable Practice Type 

To answer research question 2, the following variables were defined: 
Independent variable: Number of environmentally sustainable business practices implemented by type. 
Dependent variable: Total scope 1 and 2 emissions (MTCO2e). 
To analyse the relationship between the independent and dependent variables, separate correlation 

analyses were conducted for each category of sustainable practice. These analyses comprised the total 
number of sustainable practices implemented by category for each reporting year, relative to the total scope 
1 and 2 emissions for the same year. Visual inspection indicates a potential positive relationship between 
both equipment upgrades and renewable energy, on the one hand, and the dependent variable, on the other. 
A potential negative relationship between both building upgrades and real estate practices, on the one hand, 
and the dependent variable, on the other, is also observed. However, inferential statistical analysis was 
conducted to confirm this. As normality testing had already determined abnormal data distribution, correlation 
analysis was again conducted via the Spearman correlation. These outputs are provided in Table 4. 

Research question 2 was set to determine whether a relationship exists between the number of 
sustainable practices implemented by category and the scope 1 and 2 emissions. When formulating the 
hypotheses for research question 2, it was postulated that implementing a greater number of sustainable 
practices within a specific category may enable a greater reduction in emissions than implementing 
practices in other categories. However, based on the study’s results, it can be concluded that both equipment 
upgrades and renewable energy practices demonstrated a statistically significant, strong positive 
relationship with total scope 1 and 2 emissions, indicating that as the number of practices in both categories 
increased, so too did emissions. In contrast, building upgrades and real estate practices demonstrated a 
statistically strong negative correlation with total volume of scope 1 and 2 emissions, indicating that as the 
number of practices implemented in each category increased, emissions decreased. 

Training/networking practices indicated a statistically significant moderate negative relationship with 
scope 1 and 2 emissions. Waste-focused practices and emissions assessment/tracking practices both showed 
a weak negative relationship with the emissions, neither of which was statistically significant, whilst 
targets/initiatives-focused practices demonstrated a weak positive relationship with emissions, which was 
not statistically significant. Therefore, in this case, the results do support the alternative hypothesis, which 
stipulates that a relationship exists between the number of sustainable practices implemented by type and 
scope 1 and 2 emissions. However, the limited number of observations (12) in the sample may affect the 
reliability of the linear model. Therefore, although implementation of a specific practice type may influence 
emissions, the number of observations is insufficient to confirm this reliably. 

6. Discussion 

Whilst the results for answering research question 1 demonstrated a negative linear relationship 
between the number of sustainable practices implemented, on the one hand, and scope 1 and 2 emissions, 
on the other, the evidence suggests this relationship is weak, and the correlation between the two variables 
is not statistically significant. Therefore, whilst implementation of a greater number of sustainable practices 
may seem to facilitate a greater reduction in emissions, the results are not sufficient to confirm this. The 
available data does not allow this study to factor in the quality of sustainable practices, nor the details of 
the specific actions taken by each facility or unit within an organisation. Therefore, it is not possible to 
determine whether it is the number of practices that is influencing subsequent reduction of emissions, or 
whether other contributing factors enable these results. 

The data also demonstrates that emissions are increasing for WuXi App Tec year on year, despite the 
increase in the implementation of sustainable practices. Therefore, an important consideration that was not 
factored into the current research is the reason for the increase in emissions. Could this be attributed to 
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organisational growth and expansion, or are there other factors contributing to this increase? Have the other 
organisations grown significantly during the reporting period? If so, to what extent? The lack of available 
ESG data for the CRO sector presents a limitation of this research. Given the limited number of observations 
in the sample size, this may affect the reliability of the correlation analyses. 

The purpose of research question 2 was to determine if a relationship exists between the number of 
practices, implemented by type, on the one hand, and scope 1 and 2 emissions, on the other. Interestingly, 
the results indicated a statistically strong positive relationship between both equipment upgrades and 
renewable energy practices and emissions, indicating that as the number of practices in both categories 
increased, so too did emissions. Meanwhile, a weak positive, non-statistically significant relationship was 
identified between targets and initiatives-focused practices and emissions. However, an important 
consideration is the fact that these positive correlations could be attributed to how these organisations are 
responding to and mitigating increasing emissions, rather than arguing that increasing emissions are a result 
of an increasing number of practices. If emissions were increasing due to organisational expansion or other 
factors, firms could be implementing a larger number of sustainability strategies to reduce emissions. 

Conversely, building upgrades and real estate practices demonstrated a statistically strong negative 
correlation with total scope 1 and 2 emissions, indicating that as the number of practices implemented in 
each category increased, emissions decreased. This aligns with the relationship assumed for setting research 
question 2. Training/networking practices indicated a statistically significant moderate negative 
relationship with scope 1 and 2 emissions, whilst waste-focused practices and emissions 
assessment/tracking practices both showed weak negative relationships with the emissions, neither of which 
was statistically significant. 

The present research does not take into account other factors that may be contributing to scope 1 and 
2 emissions. In addition to organisations’ growth and expansion during the reporting period, the examples 
of these factors include organisational size, the number and type of facilities globally (labs, offices, 
manufacturing facilities, etc.), the number of employees globally, and the number of clinical tests. Any of 
these factors may have a substantial impact on the volume of emissions of each organisation. Lastly, it is 
worth reiterating that the limited data available stems from organisations’ limited reporting. This forms the 
need for more comprehensive and consistent ESG reporting by CROs in the future, which would allow 
further studies of organisations’ sustainable practices and their impact on emissions. 

7. Conclusions 

The results of the research show that implementing more sustainable business practices overall does 
not lead to a greater reduction in scope 1 and 2 emissions. The results also indicate there may be a linear 
relationship between the number of practices within a specific category and subsequent emissions. 

The first finding suggests that whilst there appears to be a negative relationship between the number 
of sustainable practices implemented and scope 1 and 2 emissions, this relationship is weak and not 
statistically significant. This indicates that increasing the number of sustainability initiatives may not be 
sufficient to drive measurable emissions reductions. One reason for this could be the lack of data on the 
quality and types of practices used. Also, the potential influence of external factors, such as organisational 
growth, limits the ability to draw firm conclusions. The case of WuXi App Tec, where emissions have 
continued to rise despite an increasing number of sustainability measures, highlights the need to examine 
related factors more closely. In addition, limited ESG reporting across the CRO sector makes it difficult to 
fully understand the impact of these practices, underscoring the importance of improved data availability 
for future research. 

The results also show that whilst some sustainable practices, such as building upgrades and real estate 
improvements, are linked to reductions in scope 1 and 2 emissions, others, such as equipment upgrades and 
renewable energy investments, are surprisingly associated with higher emissions. This does not necessarily 
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mean these efforts cause emissions to rise. Instead, it suggests that organisations are using more of these 
practices in response to increasing emissions, possibly due to growth or other operational changes. Training 
and networking activities also seem to help reduce emissions, whilst other categories show weaker or 
unclear effects. Overall, the findings highlight the complex relationship between sustainability efforts and 
emissions, where, in some cases, higher emissions may lead to more sustainability efforts, rather than where 
the sustainability activities reduce emissions. The findings is aligned with existing sustainability and 
decarbonisation literature, e.g., a study that reveals the effects of green fiscal policy in reducing pollutant 
and carbon emissions [60], a paper that shows that growth of infrastructure is more likely to cause lasting 
damage if built at a higher pace [61] and research that unpacks the broader trade-offs between economic, 
decarbonisation and security goals [62]. This demonstrates how the paper’s findings are situated within the 
wider academic debate. 

For CROs, sustainability efforts alone, especially when measured only by quantity, may not be enough 
to reduce emissions effectively. The findings show that simply increasing the number of sustainable 
practices does not guarantee lower emissions, and, in some cases, practices may be implemented as a 
reaction to rising emissions, rather than a solution to prevent them. This reflects a more complex and 
reactive approach to sustainability. A counterintuitive finding that sustainability efforts showed a positive 
correlation with emissions, which is this paper’s contribution, appears, on the surface, to be a paradox. 
However, this is an important warning against measuring sustainability by the quantity of initiatives, rather 
than their quality and/or impact on the emissions’ volume. 

For CROs, this highlights a critical need to focus on the effectiveness and strategic use of sustainability 
measures, not just quantity. It is likely that organisational factors, such as growth, expansion, and the nature 
of global operations, play a major role in emissions outcomes, and ignoring these makes it harder to measure 
real progress towards climate change mitigation. 

Furthermore, improved transparency and data quality are crucial for identifying best practices that 
make a difference. For CROs to make measurable environmental improvements, they must invest not just 
in a larger number of sustainable practices, but in more comprehensive and consistent ESG reporting, 
targeted strategies, and sector-wide collaboration to address shared challenges. 

7.1. Implications 

The findings suggest that leading CROs are not currently setting a clear benchmark for effective 
emissions reduction through sustainability practices. Whilst they may be implementing more initiatives, the 
lack of consistent results and limited transparency means that smaller or less advanced CROs have little 
guidance on what activities work effectively. This shows a missed opportunity. If leading CROs took a more 
strategic, results-oriented approach and improved their ESG reporting, they could set stronger standards for 
the sector and enable broader improvements by demonstrating examples of their sustainability efforts. 

The inconsistency and lack of detail in ESG reporting across the CRO sector significantly limit the 
ability to assess impact or identify best practices. To close this gap, ESG reporting must become more 
standardised, transparent, and aligned with global frameworks. This would not only improve accountability 
but also enable more meaningful comparisons across organisations, ultimately helping the sector move 
beyond surface-level sustainability claims. 

CROs play a critical role in global healthcare and pharmaceutical development, but their growing 
environmental impact is often not recognised or given enough attention. The study’s findings highlight the 
need for the clinical research industry to take a stronger, data-driven stance on emissions. Without clear 
reporting and a better connection between actions and results, sustainability efforts, whilst they appear 
meaningful, may have little real impact. Stronger leadership from large CROs could help create a better 
climate action not only in their own sector but also in the global supply chains they affect. The approach 
taken in this study—isolating CROs from the broader pharmaceutical industry—has afforded an 
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opportunity to emphasise the importance of studying the clinical research sector, its emissions and efforts 
to mitigate them, which is the paper’s novelty and its notable contribution to the supply chain 
decarbonisation literature. 

7.2. Limitations and Suggestions for Further Research 

Several limitations of the present research should be acknowledged. One is data availability. Only four 
organisations had at least three consecutive years of reliable reporting of environmentally sustainable 
business practices and scope 1 and 2 emissions. The lack of available data meant that comparative analysis 
could only be conducted for a small proportion of leading global CROs. Therefore, the exclusion of the 
other CRO industry leaders may generate interpretation bias due to the limited number of organisations 
included. In addition, as the focus of this research was CRO industry leaders, the selection of companies 
was conducted via purposive sampling based on annual revenue. Other firms that earned less revenue did 
not, therefore, meet the selection criteria. Future studies could set different selection criteria to include 
factors, such as overall clinical trial success rate or percentage FDA approval rate, to broaden the scope of 
potential CROs. Another option would be to obtain data for all CROs globally, categorise these based on 
attributes, and conduct comparative analyses for all CROs within a specific category. For example, CROs 
could be grouped by therapeutic area covered (oncology, cardiovascular, infectious diseases, etc.), by 
market type (i.e., drug discovery, pre-clinical, clinical), or by end-user (e.g., pharmaceutical companies, 
medical device companies, academic institutes, government organisations). 

As this research does not consider various other contributing factors that may be influencing emissions, 
further research is required in order to gain additional insights into the type and quality of the specific 
practices implemented by CROs, as well as other factors that may impact emissions. Future research could 
conduct comparative analyses of various organisational types within the clinical research industry, e.g., 
CROs vs. pharmaceutical and/or biotechnology companies, to determine the types of practice these 
organisations implement and the subsequent impact on emissions. 

Another limitation is the use of solely secondary data. There is, therefore, no control over data quality, 
and the data context may vary across organisations. For example, the specific practices and level of 
information about these are not standardised, which presents a challenge in terms of data analysis and 
interpretation of findings. Additionally, as this research is based solely on secondary data obtained from 
publicly available documents, the data may be subject to data biases from those who produced it, i.e., the 
organisations in question. Whilst the secondary data obtained for this research was useful in answering the 
research questions, future research could involve primary data collection pertaining to specific practices 
implemented by these organisations and analyse this data alongside the secondary data from the published 
ESG reports. 

In addition, the small sample size represents a critical limitation for the reliability of the Spearman 
correlation analysis. The statistical power is low, and the findings should be interpreted as exploratory 
associations, rather than robust or causal relationships. Future research should replicate these analyses with 
larger, adequately powered samples to confirm the observed trends. 

Finally, the study does not normalise emissions by revenue or output (i.e., intensity metrics). This 
means that an increase in absolute emissions, such as in the case of WuXi App Tec, might still represent 
improved carbon efficiency if the company experienced significant growth. Future studies should 
incorporate intensity-based measures to capture efficiency trends better and provide a more nuanced 
interpretation of sustainability performance. 

In relation to CROs’ strategies for dealing with emissions, future studies would benefit from drawing 
on the work of Du et al. [63] on decarbonising data centre networks, which may provide useful suggestions 
on how CROs could manage the rising digital carbon footprint of clinical trial data. This is particularly 
relevant for future strategies regarding Scope 2 emissions as CROs increasingly rely on data-heavy 
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operations, where computing power migration and renewable integration could offer significant efficiencies. 
Another avenue for future research is to explore how the clinical trials sector could handle the expansion 
of its infrastructure while not allowing emissions to increase. In this theme, the work of Giannelos et al. 
[64] regarding network expansion planning under uncertainty offers a useful foundation for investigating 
how CROs might optimise their long-term infrastructure investments. This perspective is vital for future 
research on mitigating CROs’ financial and environmental risks when upgrading facilities, such as 
laboratories and equipment, amidst changing clinical trial demands and regulatory uncertainties. 
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