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Abstract

Climate change presents an urgent global crisis with significant implications across all
regions and sectors and the need for concerted efforts to mitigate its effects and transition
towards a net-zero emission society is one of the key challenges of our time. This
conceptual paper aims to discuss how digital transformation can support performance
measurement in search of a net-zero performance for organizations. Based on a
comprehensive literature review, we identify the main aspects related to digital
transformation that would allow companies to have their Net Zero Performance
Measurement System (NZ-PMS) and propose a preliminary framework to help them
define this system.
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1. Introduction

Climate change has become a global crisis, exerting its effects across all nations and
continents. (UN, 2023). The tangible effects of climate change are increasingly evident.
The tangible consequences of climate change are becoming increasingly apparent.
According to the IPCC (2023), human-caused climate change is already influencing
numerous weather and climate extremes in all regions across the globe. Evidence from
the report indicates growing shifts in extremes such as heatwaves, heavy precipitation,
droughts, and tropical cyclones and, consequently, climate change has caused substantial
damages, and increasingly irreversible losses, in terrestrial, freshwater, cryospheric and
coastal and open ocean ecosystems. The human-generated greenhouse gas emissions are
the primary drivers of this phenomenon, and their levels have now reached unprecedented
highs in recorded history (UN, 2023)

Authors like Lee et al. (2023), Ogwumike et al. (2024), Mohammad et al. (2023) suggest
that the transition towards a net-zero emission society has the potential to significantly
decrease concentrations of greenhouse in the atmosphere, thereby aiding in the mitigation
of global warming and its associated climate disruptions. While the journey towards
achieving net-zero emissions may be challenging, the rewards are invaluable in terms of
preserving the planet and ensuring a sustainable and prosperous future for future
generations (Tang et al., 2023).

This imperative extends to the corporate realm, where sustainability has become a
paramount concern for businesses worldwide. As Han et al. (2023) remark, effective
management practices are indispensable for achieving the net-zero targets, as they
facilitate the implementation of sustainable initiatives and foster a corporate ethos
underscored by a resolute commitment to environmental responsibility. In this
perspective, companies must define to what extent their strategy is oriented to
sustainability in their different aspects (Orsato, 2006) and how effective they are doing
this (Gates & German, 2010). To manage their performance, measuring sustainability
aspects becomes essential for those companies (Atkinson, 2000; Pintér et al., 2012). The
good news here is that there is a plethora of sustainability assessment methods and tools
(Singh et al., 2012). The downside is that there should be appropriate criteria for the
proper definition of how to measure corporate sustainability regarding not only
identifying indicators (Azzone & Noce, 1996; Niemeijer & De Groot, 2008) but also
aiming the implementation of a Corporate Sustainability Performance Measurement
System (SPMS) (Searcy, 2012).

Given this urgent need for companies to measure their net-zero performance and the
inherent complexity of this theme, it is possible to imagine that new ways to effectively
do it will arise. It is the case of Digital Transformation (DT). DT is increasingly
recognized as a key enabler of sustainability and achieving net-zero emissions.
Integrating digital technologies not only enhances operational efficiency and
competitiveness but also plays a pivotal role in promoting sustainable practices and
achieving net-zero. By leveraging data analytics, organizations can optimize resource
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utilization, reduce energy consumption, and minimize waste, contributing to
environmental sustainability and achieving net-zero goals (Govindan, 2023). Digital
transformation enables the development of smart and eco-friendly solutions, such as
energy-efficient technologies, smart grids, and sustainable supply chain management.
Moreover, digital platforms facilitate collaboration and communication, fostering a
global awareness of sustainable practices and encouraging the exchange of ideas to
address environmental challenges. The synergy between digital transformation and
sustainability is crucial for creating a resilient and environmentally conscious future
where technological advancements are harnessed to drive positive ecological and social
impact (Kraus et al., 2021; Okorie et al., 2023).

Therefore, this developmental article aims to answer the following research question: how
digital transformation can support performance measurement in search of net-zero? To
achieve our goal, we developed a comprehensive literature review by delineating some
preliminary aspects of a Net Zero Performance Measurement System (NZ-PMS) based
on the use of Digital Transformation.

2. Theoretical Background
1.1. Performance Measurement

Even though performance measurement (PM) constitutes one of the most important
aspects of a firm’s managerial system (Kaplan & Norton, 1996; Simons, 2000; Neely,
2007), literature still faces several challenges both theoretically and practically (Bititci,
Garengo, Dorfler, & Nudurupati, 2012; Micheli & Mari, 2013, Melnyk, Bititci, Platts,
Tobias & Andersen, 2014), turning PM a subject that needs to be constantly revisited
(Carneiro-da-Cunha, Hourneaux Junior, and Correa, 2016; Sureka, Kumar, Mangla, &
Hourneaux Junior, 2020; Aguilera, De Massis, Fini, & Vismara, 2024).

PM can be defined as “the ongoing monitoring and reporting of program
accomplishments, particularly progress toward pre-established goals” (US-GAO, 2011)
or in another perspective, it consists of how organisations verify the efficiency and
effectiveness of their organisational activities (Neely, Adams, & Kennerley, 2007). PM
as a theme has been scrutinized by many scholars through time. Some studies try to
consolidate the variety of its aspects and perspectives. Table 1 summarizes some of these
works.
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Table 1. Main aspects of PM identified in the literature.

Theme Aspect Author(s)
Strategic Orientation Kaplan & Norton, 1992; Atkinson,
Waterhouse, & Wells, 1997; Henri, 2009
Multidimensionality Bourne et al., 2000; Richard et al., 2009
Integrative framework Ghalayini & Noble, 1996; Kaplan &
Norton, 1992; 1996
Performance | Balancing different types of measures Simons, 2000; Kaplan & Norton, 1992;
Measurement | and indicators 1996
Inclusion of organisational stakeholders Atkinson et al., 1997; Neely et al., 2002;
and external environmental aspects Richard et al., 2009)
Legitimisation of a firm’s actions by Henri, 2009
presenting its outcomes and impacts both
internally and externally

Source: the authors, based on Carneiro-da-Cunha, Hourneaux Junior, and Correa (2016).

1.2. Digital Transformation (DT)

Digital transformation plays a crucial role in realizing a future with net-zero emissions.
However, digital transformation is currently in a nascent stage and requires technology
infrastructure and strategies that align seamlessly with the overarching business strategy
(Viets & Hagemeier, 2023; Cao et al., 2023; Manny et al, 2021; Kolodynskyi et al, 2018).
Also, the integration of sustainable practices across the entire supply chain eco-system
can be complex. Ensuring that suppliers and partners align with net-zero goals requires
coordination and collaboration (Abou Maroun et al, 2019; Briscoe et al, 2011; Li et al,
2012; Govindan, 2023).

Digital transformation (DT) encompasses using digital technologies to facilitate
significant advancements in business, such as improving customer experiences or
innovating new business models (Piccinini et al., 2015). It Leverages emerging digital
technologies like social media, mobile applications, analytics, and embedded devices is
employed to bring about substantial business enhancements. These improvements may
include enriching customer experiences, optimizing operations, or innovating new
business models (Horlacher & Hess, 2016). The digital transformation theme has
undergone examination by numerous scholars over time. Existing research aims to
consolidate the diverse aspects and perspectives within this domain. Table 2 provides a
summary of some of these studies.
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Table 2. Main aspects of DT identified in the literature.

Theme Aspect Author(s)
Technology infrastructure/Strategy Manny et al, 2021; Kolodynskyi et al,
2018; Sia et al, 2016; Sebastian et al,
2017; Matt et al, 2015
Digital data and ecosystem Li et al, 2012; Oliveira et al, 2019;
Briscoe et al, 2011; Kira et al, 2021
. Digital skills and culture Allman & Blank, 2021; Carlisle et al,
Digital . 2023; Wanitchayaporn, 2021;
Transformation Antonopoulou et al, 2021
Digital technologies (Al Blockchain, Martinez-Caro et al, 2020; Abou
Simulation, visualise, etc.) Maroun et al, 2019; Argyroudis et al,
2022; Maroun & Daniel, 2019
Smart Decision making Govindan, 2023; Daniel & Merigo,
2021; Sarker, 2021; Daniel et al, 2019

Source: the authors.
1.3. Net Zero

The emergence of the net zero agenda is garnering increasing attention from scholars and
practitioners (Gallotta et al, 2024). As suggested by Kingston (2021); Lee et al. (2023),
Ogwumike et al. (2024), Mohammad et al. (2023) various industrial decarbonization
frameworks have emerged for evaluating the transition to a net-zero landscape. Although
several authors have explored multiple themes linked to net-zero transition, the practical
implementation remains a challenge. As mentioned in the HM Government (2021),
innovation is a central approach to delivering net zero and it will require a step change in
the rate of new technologies and processes being developed and deployed into the market
and being adopted by businesses and consumers. The emergence of the net zero agenda
has prompted a parallel surge in the discourse surrounding eco-innovation, as scholars
and practitioners alike recognize the pivotal role of innovative solutions in transitioning
towards sustainable futures.

In this perspective, eco-innovation refers to the emergence of pioneering products,
methodologies, and organizational paradigms aimed towards mitigating ecological
impacts, enhancing societal compliance and advancing the principles of sustainable
development (Vasconcelos-Garcia & Carrilho-Nunes, 2024, Antonioli et al., 2013; He et
al., 2018; Mahmood et al., 2022; Paparoidamis et al., 2019). At the same time, global
supply chains are increasingly influenced by environmental awareness, which, in turn,
impacts a firm's selection of suppliers. Consequently, suppliers face pressure from buyers
to minimize their environmental footprint (OECD, 2018). From this angle, green supply
chains (GSCs) strive to reduce their carbon footprint while optimizing resource utilization
across various stages, including material sourcing, processing, packaging, storage,
transportation, product usage, and end-of-life disposal (Srivastava, 2007).

Some studies try to consolidate the variety of its aspects and perspectives. Table 3
summarizes some of these works.
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Table 3. Main aspects of NZ identified in the literature.

Theme Aspect Author(s)

Net zero transition Kingston (2021); Lee et al. (2023),
Ogwumike et al. (2024), Mohammad et
al. (2023)

Eco-innovation Vasconcelos-Garcia & Carrilho-Nunes,
2024, Antonioli et al., 2013; He et al.,
Net Zero 2018; Mahmood et al., 2022;
Paparoidamis et al., 2019

Sustainable supply chains Tumpa et al. (2019), OECD (2018),
Grant et al. (2023)

Assessment and Reporting GHG (2011), GRI (2020), Machado et al
(2023), Chiarini (2017)

Source: the authors.

3. Findings and Discussion
In this developmental paper, we aim to provide insights into the question: how digital
transformation can support performance measurement in search of net zero? Figure 1

represents the rationale behind it.

Figure 1. Research themes relationship.

Why to measure:

Performance
Measurement Systems

How to measure: What to measure:

Digital Transformation Net Zero

Source: the authors.

Therefore, we propose the following discussion to understand better how this system
should be defined.

Why to measure? Performance Measurement Systems

“What gets measured, gets managed”. The famous saying has increased importance when
addressing topics such as sustainability and climate change. The need for precise,
accurate, accountable, and timely access to what is happening in the organization has
never been so urgent. Moreover, knowing how and what to effectively and efficiently
measure organizational performance becomes critical not only for management itself, but
also for communicating and disclosing this performance to society.
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How to measure? Digital Transformation

Digital transformation acts as an enabler of sustainability efforts by providing tools,
technologies, and data-driven insights to support the transition to net zero. Digital
solutions can streamline processes, improve efficiency, and facilitate informed decision-
making across all aspects of sustainability. Moreover, DT facilitates the integration of
data and analytics into performance measurement systems, enabling organizations to
track, analyze, and report on their progress toward net zero targets in real-time. Digital
platforms can aggregate data from various sources, apply advanced analytics techniques,
and generate actionable insights to drive continuous improvement.

What to measure? Net-zero

Measuring the adoption of digital transformation for sustainability and net-zero goals
involves assessing the extent to which organizations integrate eco-friendly and socially
responsible practices into their digital initiatives. Examples of some key metrics and
methods to measure digital transformation adoption in the context of sustainability and
net zero are Environmental impact assessment (i.e. measure and track carbon footprint),
Energy efficiency metrics, Renewable energy usage, waste reduction, remote work and
travel reduction, Supply chain sustainability metrics, Data privacy and security
compliance, among others.

Therefore, according to the literature (see Tables 1, 2 and 3), several aspects must be
considered when defining a NZ-PMS. Figure 2 represents the rationale behind those
aspects.

Figure 2. NZ-PMS configuration.

Performance Measurement Systems 4 \
————— Digital Transformation
Strategic Orientation
Multidimensionality B
) Technology infrastructure Net-Zero
Integrétlve Tramework Digital data and ecosystem Performance
Balancing d|ffe_reqt types of Digital skills and culture . Measurement
measures and indicators Green transition
Inclusion of organisational Digital technologies (Al, Eco-innovation system
stakeholders and external Blockchain, Simulation, (NZ-PMS)
- visulise, etc.) Sustainable supply chain
environmental aspects
L ) Smart Decision making Assessment and
Legitimisation of a firm’s R .
> eporting
actions --> outcomes and
impacts both internally and . J/
externally

Source: the authors.

Then, we can propose that a NZ-PMS is “the process of collecting, analyzing, and
evaluating the efficiency and effectiveness of all the net-zero oriented activities using
digital transformation as a means to facilitate and enhance this process”. These three
themes (net zero, digital transformation, and performance measurement) are
interconnected. Thus, a NZ-PMS may enhance corporate sustainability, optimize resource
utilization, and drive organizational performance, among other benefits.
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4. Conclusion, Limitations, and Future Work

In conclusion, this article has explored the intersection of digital transformation,
performance measurement, and the pursuit of net-zero emissions. We began by
examining the urgent need for organizations to address climate change by adopting net-
zero targets and the challenges associated with measuring and managing net-zero
performance. Recognizing the complexity of this task, we then turned to digital
transformation as a potential solution, highlighting its role in enhancing sustainability
practices and supporting the transition to a net-zero emission society.

In this perspective, digital transformation offers a range of innovative tools and
technologies that can facilitate the collection, analysis, and reporting of sustainability
data, enabling organizations to gain deeper insights into their net-zero performance. From
advanced data analytics to smart sensors and IoT devices, digital solutions provide new
opportunities for organizations to monitor and manage their environmental impact in real-
time. Integrating these technologies into performance measurement systems can enhance
transparency, accountability, and stakeholder engagement. By leveraging digital
platforms for reporting and communication, organizations can foster greater trust and
collaboration with stakeholders, driving collective action towards achieving net-zero
goals.

This research has proposed a framework to fundament a PZ-PMS. This framework
provides a structured approach for organizations to define, measure, and manage their
net-zero performance, guiding them towards sustainable and resilient business practices.

As a natural limitation, especially in a developmental paper, this conceptual framework
needs validation. Future research aims to conduct an empirical validation of the proposed
framework for a Net Zero Performance Measurement System (NZ-PMS) based on digital
transformation. This could involve implementing the framework in real-world
organizational settings and assessing its effectiveness in tracking and managing net-zero
performance. By undertaking in-depth case studies of organizations, this could provide
valuable insights into best practices, challenges, and lessons learned in the
implementation process.
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