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Abstract

Global economic uncertainty and the climate crisis demand fundamental transformations across various
sectors, including the creative industry. Conventional commercial photography and visual communication
design production often generate a substantial carbon footprint through material waste, excessive energy
consumption, and high logistical mobility. This paper explores the integration of circular economy
principles and digital transformation within visual production workflows as a strategic response to these
sustainability challenges. This research aims to analyze how the adoption of disruptive technologies - such
as generative artificial intelligence, virtual production, and cloud computing - can reduce carbon emissions
while simultaneously enhancing operational cost efficiency. The methodology employs a systematic
literature review alongside qualitative case studies of creative agencies that have implemented sustainable
workflows. Findings indicate that the digitalization of creative processes effectively eliminates physical
waste, notably excessive sample printing and single-use practical set constructions. Furthermore, the
transition toward a virtual production ecosystem is proven to drastically minimize logistical expenses,
thereby bolstering the financial resilience of industry practitioners amidst a fragmented global economy.
Leveraging cutting-edge technology also substantially accelerates project turnaround times without
compromising aesthetic design quality. In conclusion, the adoption of digital technologies is not merely a
fleeting aesthetic trend but an essential catalyst for establishing a circular and inclusive creative economy.
This innovative transformation empowers visual communication designers and professional photographers
to remain productive, relevant, and highly competitive globally. Ultimately, these crucial economic
milestones can be achieved while practitioners uphold strong ethical responsibilities toward ecological
preservation and the development of future-proof business models.

Keywords: Circular Economy, Digital Transformation, Commercial Photography, Visual
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Introduction

The contemporary global economy is increasingly characterized by fragmentation, volatility, and
uncertainty. Geopolitical tensions, post-pandemic economic adjustments, and supply chain disruptions have
fundamentally altered how businesses operate across borders. In navigating these turbulent conditions,
industries across the spectrum are compelled to adopt sustainable practices and accelerate digital
transformation to ensure both ecological viability and financial resilience (Centobelli et al., 2020). While
macro-level discussions surrounding sustainability often target manufacturing, agriculture, and heavy
industries, the creative sector - specifically commercial photography and visual communication design
(VCD) - is frequently overlooked in ecological discourse.

Despite its public perception as a relatively "clean" or predominantly digital sector, conventional visual
production possesses a substantial, yet largely hidden, environmental footprint. This footprint stems from
excessive material waste in single-use practical set designs, high energy consumption during digital
rendering and physical printing, and the massive carbon emissions associated with the logistical mobility
of large crews traveling to domestic and international shooting locations (Maxwell & Miller, 2012).
Historically, the creative industry has operated on a linear economic model of "take-make-dispose," where
physical props and sets are built for a single campaign and subsequently discarded, contributing
significantly to urban landfill waste.

In response to the escalating climate crisis and tightening corporate marketing budgets, the integration
of Circular Economy (CE) principles into creative workflows has emerged as a critical strategic imperative.
A circular creative economy emphasizes minimizing waste, extending the lifecycle of assets, and
regenerating natural systems through sustainable, conscious design choices (Bocken et al., 2016). For
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commercial photography and VCD, this translates to decoupling creative output from physical resource
depletion—finding innovative ways to produce high-end visual commodities without relying on extractive
physical practices.

Simultaneously, the rapid evolution of disruptive digital technologies serves as a primary enabler for
this circular transition. The advent of Generative Artificial Intelligence (Al), Virtual Production (VP) using
real-time 3D engines, and cloud-based collaborative computing has fundamentally disrupted traditional
creative workflows (Anantrasirichai & Bull, 2022). These digital transformation tools allow designers and
photographers to conceptualize, iterate, and produce high-fidelity visual assets in highly controlled virtual
environments. Consequently, this drastically reduces the need for physical prototyping, excessive sample
printing, and carbon-intensive location shoots, aligning perfectly with CE objectives (Pizzi et al., 2021).

Despite the theoretical benefits, there is a notable gap in empirical literature examining the intersection
of the circular economy and digital transformation specifically within the day-to-day operational workflows
of commercial photography and visual design agencies. Previous studies have heavily focused either on the
philosophical and aesthetic implications of Al in art, or the broad application of circular business models
in large-scale manufacturing. Therefore, this paper aims to address this academic gap by exploring how the
adoption of digital transformation technologies facilitates sustainable practices in visual production.
Specifically, the study investigates how these integrated approaches not only reduce carbon emissions and
material waste but also enhance the financial resilience and strategic agility of creative agencies operating
within a fragmented global economy.

Methods

This research employs a qualitative approach with an exploratory case study design, combining a Sys-
tematic Literature Review (SLR) and secondary industry case study analysis. The methodology was de-
signed to capture both the theoretical advancements and the practical applications of digital sustainability
in the creative sector.

Systematic Literature Review

The SLR approach was selected to rigorously map and synthesize recent theoretical developments
regarding the circular economy and digital transformation within the creative industry, following standard
review protocols (Snyder, 2019). Literature data collection was conducted through major academic
databases, namely Scopus, ScienceDirect, and Google Scholar. The search utilized combinations of
Boolean operators with keywords such as ("Circular Economy" OR "Sustainability") AND ("Digital
Transformation" OR "Artificial Intelligence") AND ("Commercial Photography” OR "Visual
Communication Design").
The inclusion criteria encompassed peer-reviewed journal articles and academic textbooks published
between 2016 and 2024, written in English or Indonesian. Articles focusing purely on the technical
engineering of camera sensors or algorithms without business or ecological context were excluded. This
process yielded a core set of literatures that formed the theoretical foundation of the study.

Secondary Case Study Analysis

To bridge theory with industry practice, the second phase involved the collection of qualitative data
through secondary case studies of medium-to-large visual communication design agencies and
commercial photography studios. These subjects were selected based on their documented transition
toward Virtual Production and Al integration (Yin, 2018). Secondary data were systematically extracted
from corporate sustainability reports, public interviews with senior art directors in professional design
media, and white papers published by creative technology developers (e.g., Epic Games' Unreal Engine
reports and Adobe's sustainability benchmarks).

Data Analysis

The collected data from both literature and case studies were subsequently analyzed using thematic
analysis (Braun & Clarke, 2006). This involved a three-step process: (1) familiarization with the data, (2)
generating initial codes related to sustainability and digitalization, and (3) searching for and defining
recurring themes. Data triangulation was performed continuously by comparing academic claims with
actual industry outcomes to ensure the validity, reliability, and robustness of the conclusions drawn.

Results and Discussions
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The thematic analysis reveals that the adoption of digital technologies in commercial photography and
VCD production fundamentally alters the industrial ecosystem. The impacts are categorized into four pri-
mary areas: dematerialization, logistical efficiency, financial resilience, and the inherent challenges of this
transition.

Dematerialization through Virtual Production and Artificial Intelligence

Conventional visual production practices rely heavily on physical materials. In VCD, this includes print-
ing multiple design mock-ups and packaging prototypes. In commercial photography, it involves crafting
physical props and constructing elaborate, single-use practical sets that ultimately burden landfills (Sherin,
2013). The findings demonstrate that the integration of generative Artificial Intelligence (AI) and Virtual
Production (VP) successfully drives dematerialization—the absolute reduction in the quantity of materials
required to serve economic functions (Manovich, 2013).

In the context of VCD, generative Al enables designers to conduct rapid visual iterations, curate mood
boards, and explore diverse concepts digitally. This eliminates the need for physical storyboarding and
sample printing, which traditionally waste significant amounts of paper and chemical inks (Marr, 2020).
Furthermore, in commercial photography, Virtual Production utilizing real-time 3D rendering engines
combined with massive LED walls allows photographers to simulate any location or background
photorealistically within a confined studio environment (Anantrasirichai & Bull, 2022). A set that
previously required tons of wood, plastic, and paint can now be generated as a digital asset. The eradication
of physical set construction directly applies the core principle of the Circular Economy: waste prevention
and resource efficiency during the design and pre-production phases (Geissdoerfer et al., 2017).

Logistics Emission Reduction and Cloud-Based Collaboration

Beyond physical material waste, the largest contributor to the carbon footprint in large-scale commercial
photography is mobility and logistical operations (Maxwell & Miller, 2012). Traditional on-location shoots
- especially those requiring international travel - necessitate crew flights, heavy equipment transportation,
generator rentals, and additional energy consumption for accommodation.

Case study analyses indicate that the shift toward Virtual Production reduces the frequency of location-
based crew travel by an estimated 60% to 80%. Expansive environmental backgrounds, such as tropical
forests, urban skylines, or snowy mountains, can be digitally rendered and projected onto LED volumes,
while human subjects and essential foreground elements are photographed in local studios.

Furthermore, the mainstream adoption of cloud computing facilitates remote, real-time client approvals
and decentralized team collaboration. Art directors, clients, and retouchers can monitor a live photoshoot
from different continents. This transformation from hardware-centric to software-centric workflows
radically cuts fossil fuel energy consumption typically expended on physical commuting, face-to-face
meetings, and the physical shipping of hard drives or sample products (Pizzi et al., 2021).

Financial Resilience in a Fragmented Economy

In an era of global economic fragmentation, inflation, and unpredictable supply chains, corporate clients
tend to slash marketing, advertising, and visual production budgets. This macro-economic pressure compels
creative agencies to find innovative ways to produce high-quality visual assets with significantly
constrained budgets (Centobelli et al., 2020). The findings of this study indicate that the transition to a
circular economy model through digitalization is not merely an ethical or ecological measure, but a crucial
business survival strategy.

By adopting digital workflows, operational expenditures (OpEx) previously allocated to non-
recoverable logistical costs (airfare, hotel accommodations, location permits, and physical set materials)
are drastically minimized. These freed-up funds can be reallocated toward long-term capital expenditures
(CapEx) such as software licenses, cloud infrastructure, and human resource capacity building
(Brynjolfsson & McAfee, 2014). The cost efficiency generated from adopting these technologies creates a
robust financial resilience. It allows independent design agencies and creative SMEs to remain agile, offer
competitive and flexible pricing models to their clients, and survive amidst severe economic fluctuations.

Challenges and Barriers in the Circular-Digital Transition

Despite the overwhelming ecological and financial benefits, the transition toward a digitally driven
circular creative economy is not without its hurdles. The thematic analysis identified several significant
barriers. Firstly, the initial capital investment required for high-end digital infrastructure - such as LED
volumes for Virtual Production and high-performance computing hardware for rendering - remains
prohibitively expensive for smaller, grassroots studios.
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Secondly, there is a pronounced skills gap. Traditional photographers and graphic designers are required
to rapidly upskill, learning complex 3D rendering software, prompt engineering for Al, and real-time game
engine lighting (Anantrasirichai & Bull, 2022).This paradigm shift can lead to workforce displacement if
institutions do not provide adequate retraining programs (Brynjolfsson & McAfee, 2014).

Lastly, the reliance on Al and digital assets raises critical ethical and legal questions regarding
copyright, intellectual property, and the authenticity of the visual image. As the creative industry leans
heavier into digital generation, agencies must navigate these complex legal frameworks to ensure their
digital supply chains remain ethical and legally compliant.

Conclusion and Implications

The circular creative economy in commercial photography and VCD is no longer a distant theoretical
discourse, but a tangible, executable practice driven by digital transformation. The strategic utilization of
Generative Al, Virtual Production, and cloud-based collaboration effectively dematerializes the creative
workflow. This transition successfully minimizes the industry's carbon footprint, eliminates single-use
material waste, and curtails logistical emissions. Concurrently, it reduces production costs, thereby
fortifying the financial resilience of creative agencies operating within a fragmented and volatile global
economy.

For industry practitioners, this study highlights the urgency of pivoting from traditional linear
production to digital-circular workflows as a means of maintaining competitive advantage. Agencies must
prioritize investments in digital infrastructure and continuous upskilling of their workforce. For academia,
this transformation is essential for university lecturers and curriculum developers. The next generation of
visual designers and professional photographers must be educated not only in aesthetic mastery but also in
their ethical responsibilities toward ecological preservation and the creation of adaptive, future-proof
business ecosystems (Bocken et al., 2016).

Given the exploratory nature of this study, future research should focus on empirical, quantitative
measurements of the carbon footprint reduction achieved by Virtual Production compared to traditional
location shoots. Additionally, longitudinal studies examining the long-term return on investment (ROI) for
small-to-medium creative enterprises adopting these technologies will provide deeper insights into the
economic sustainability of the creative sector.
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