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Abstract—The environmental impact Generative AI – and in
particular, Large Language Models (LLMs) – is far from negligi-
ble. Despite this, LLMs can help companies rethink sustainable
practices, especially in small organizations lacking technical and
methodological expertise in ecological transition. Our work has
a twofold aim: (i) to investigate whether LLMs can effectively
support the reengineering of business processes toward greener
alternatives, and (ii) to assess whether employing such energy-
intensive technologies aligns with sustainability objectives in a
meaningful and cost-effective way. To address these questions, we
have designed a three-step methodological Framework currently
under implementation. The Framework involves the use of LLMs
”as-as-service” for refactoring textual descriptions of business
processes. Preliminary results are promising, with GPT-4o and
Claude 3.5 demonstrating strong performance on a benchmark
of well-known processes provided by Camunda, while the study
on the energetic impact of LLMs in organizational settings is still
ongoing.
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I. INTRODUCTION

The sudden introduction of Generative AI in the current so-
cial context has reopened the debate on technological environ-
mental impact, with its rapid large-scale adoption (evidenced
by ChatGPT’s 400 million users) raising important concerns
about the ecological costs of these solutions.

Notably, a study by Morrison et al. [1] reveals that the entire
production cycle (including hardware, model development, and
final training), generates approximately 493 metric tons of
CO2, consumes 2.769 million liters of water and 913 MWh
of energy, with model development alone representing 50% of
the total impact compared to training alone.

Despite its high resource consumption, AI remains an
extremely valuable tool with the potential to profoundly trans-
form a wide range of sectors. According to Gao et al. [2],
for every 1% increase in AI penetration it can indeed lead to
up to a 14.2% increase in overall productivity. Regarding the
specific case of generative AI, it has been demonstrated by
Noy et al. [3] that the use of tools such as ChatGPT has led
not only to an increase in productivity in various tasks, but
also to an improvement in the quality of the final result and
the users’ overall perception of the tasks themselves.

Although sustainability is gaining traction in Business
Process Management (BPM), current research still presents
several gaps. Most studies focus on theoretical models for
sustainable process redesign, overlooking the role of advanced
technologies in automating this transformation. To fill these
gaps, the study presented here investigates the potential of
Large Language Models (LLMs) in sustainability-oriented
Business Process Reengineering (BPR), with a focus on re-
ducing carbon impacts. The proposed approach is tested on
real processes through practical experiments and comparisons
between different GenAI models.

The study therefore has a dual purpose: on the one hand,
to demonstrate the effectiveness of LLMs in the sustainable
transformation of business processes; on the other, to offer an
operational model that can be adapted and reused in different
organizational contexts.

II. FRAMEWORK ARCHITECTURE

The sustainability resulting from the use of Generative AI
for process optimization is assessed through a Framework
divided into three main blocks, as shown in the overall
architecture illustrated in Figure 1. The first block involves the
use of LLM technology for the optimization of processes in
terms of sustainability. The second focuses on the application
of Generative AI for the graphical conversion of processes
into BPMN (Business Process Model and Notation). Finally,
the third block completes the system by integrating the Digital
Green (DG) Framework [4] for the quantitative evaluation of
the coherence in the digital and ecological transformations.

The first block focuses on the Text-to-Text transformation
of legacy business process description into sustainable textual
versions. This stage is accomplished by using LLM tech-
nology, which enables the described process to be analyzed
and reformulated to meet sustainability standards. The second
block transforms the first block output from text to BPMN
2.0 (XML). This phase involves turning sustainable descrip-
tion into graphical representations of business processes. The
workflows can be clearly visualized thanks to the graphical



Fig. 1: Architecture of the methodological framework.

representation, which also makes it easier to analyze and eval-
uate the process, as well as facilitating the implementation of
the processes in an operational environment. The ”Evaluation”
step uses another LLM to extract sustainability metrics.

III. VALIDATION AND RESULTS

This section reports the early results for the first block,
whose validation includes an experimentation based on a se-
lection of case studies taken from the Camunda repository [5]
which contains the textual descriptions BPMN representation
of four real, complex and legacy processes. The selected
processes include ”Dispatch of Goods,” which describes the
entire shipping process, including documentation, delivery, and
issue resolution; ”Recourse,” which covers the handling of
claims or appeals, from request evaluation to final decision;
”Credit Scoring,” which involves analyzing customer data to
calculate their credit score; and ”Self-Service Restaurant,”
which includes customer flow, meal selection, payment, and
resource management. The analysis employs five different
LLMs, each provided with a use case and a tailored prompt
specifying sustainability criteria to transform BPMN process
descriptions by enhancing sustainability, digitalization, and
green software practices while explicitly mapping BPMN ele-
ments in a text-based output format. The aim of the validation
is to generate optimized versions of the four processes: each
process is addressed by all five models, and each model
produces five output generations per process, resulting in a
total of 100 distinct outputs used for the quantitative analysis.
For the testing phase, LLMs offered ”as-a-service” are used,
i.e. tools based on advanced linguistic models accessible via
Cloud infrastructures, chosen for their scalability, flexibility
and ease of access. This choice enables the immediate use of
pre-trained models, eliminating the time, costs, resources and
skills required for training models from scratch. The mod-
els considered include GPT-4.0, Claude 3.5 Haiku, Copilot,
DeepAI and Perplexity AI.

The final step involves developing and deploying Python
code for the G-Eval framework [6], which evaluates and

examines the output quality generated by different AI models,
with the text-to-text transformation revealing a high level
of optimization and systematic integration of the specified
sustainability criteria. The code calculates the average score
(ranging from 0 to 1) for each output, based on a compari-
son with a textual description of the reengineered processes,
created by a domain expert and evaluating how well it meets
the specified constraints relative to the expected output. The
results show that the Claude 3.5 Haiku model achieves the
highest score (0.77), whereas GPT-4 Turbo performs the worst
(0.66), as shown in Figure 2.

Fig. 2: Performances of the considered AI models.
Considered metric: G-Eval.

The complete results of the experiments are accessi-
ble for verifiability via the GitHub link: https://github.com/
softengunisalento/LLM-Process-Transformations#.

IV. FUTURE WORKS

A key issue that is still ongoing concerns the balance
between the benefits achieved and the energy required to
operate these models. Currently, there is no clear estimate of
the environmental impact associated with the use of LLMs
in the context of BPR, which limits the ability to assert
with certainty that their adoption is truly sustainable. For
this reason, before developing the remaining two blocks of
the proposed Framework, it will be essential to complete the
evaluation phase by assessing the actual coherence of the
approach. Despite this, LLMs already prove to be promising
tools for supporting process designers in rethinking more
sustainable practices, especially within small organizations
that lack advanced technical expertise in ecological transition.
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