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Abstract. Pollution and global warming become more and
more of a threat recently, so creative solutions are required
to tackle their overwhelming complexity, surpassing the
limitations of traditional computational methods. Using the
concepts of quantum physics, quantum computing presents a
revolutionary approach for solving such environmental
problems. With the help of a variety of data in usage from
reputable global scientific sources, including world
databases, pollution monitoring networks, and climate
models in addition, the current scientific paper explores the
quickly developing potential of quantum computing to
reduce pollution and global warming. The complexities of
quantum algorithms are object of our exploration, focusing
on those that have relevance in resource management, in
order to shed light on how quantum computers might
transform decision-making processes toward global
environmental sustainability. Techniques for quantum
optimization show promise in maximizing energy grid
distribution and reducing waste generation in complex
supply chains.
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[. INTRODUCTION

The escalating threats of pollution and global warming
demand solutions that surpass the limitations of traditional
computational methods. This is where quantum computing
emerges, wielding the enigmatic principles of quantum
mechanics to offer a paradigm shift in our approach to these
formidable challenges.

Traditional computers rely on bits, which are confined
to the binary states of 0 or 1, mirroring the on/off states of
transistors. In stark contrast, the fundamental unit of
quantum information, the qubit, transcends this binary
restriction. Qubits possess the remarkable ability to exist in
a state of superposition, simultaneously embodying both 0
and 1 until measured. Imagine a spinning coin, representing
both heads and tails until it lands — that's the essence of
superposition, a quantum phenomenon defying classical
logic yet unlocking immense computational potential [1].

Another cornerstone of the quantum realm is
entanglement, a phenomenon where two qubits become
intricately linked, sharing a unified fate regardless of
physical separation. Any operation performed on one
entangled qubit instantly affects its partner, even across
vast distances. Picture two coins spinning in perfect unison,
no matter how far apart they are thrown — that's the essence
of entanglement [2]. This interconnectedness offers
powerful tools for solving complex problems that elude
classical methods.

The unique properties of qubits and entanglement
empower quantum computers to perform calculations in
ways unimaginable for classical machines. By exploiting
superposition, quantum algorithms can explore vast
solution spaces exponentially faster, potentially
revolutionizing fields like drug discovery, materials
science, and financial modelling [3], [4]. Entanglement,
meanwhile, fuels optimization techniques promising
solutions to intricate problems in resource management,
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logistics, and artificial intelligence, including the very
challenges of mitigating climate change and pollution [5].

While still in its early stages, quantum computing holds
immense potential for tackling some of humanity's most
pressing challenges. Particularly in resource management,
applications like optimizing energy grids, reducing waste
in supply chains, and designing sustainable materials are
within reach. Imagine maximizing renewable energy
distribution using entangled qubits or minimizing resource
consumption in complex production networks through
quantum optimization algorithms — these are just a glimpse
of the possibilities [6], [7].

Unlike their classical counterparts, quantum algorithms
are designed for qubits, unlocking unique problem-solving
capabilities. Grover's Search, for example, can find
solutions in databases exponentially faster with
applications in drug discovery and machine learning [8].
Quantum optimization algorithms like Variational
Quantum Eigensolver (VQE) and Quantum Approximate
Optimization Algorithm (QAOA) excel in tackling
complex problems in logistics and materials design [5], [9].
Quantum Phase Estimation even allows simulating
complex systems like molecules and markets [3].

Quantum programming languages combine all this
knowledge to allow the developers to create and use the
power of quantum computing to their advantage.
programming frameworks like Qiskit and Cirq translate
human algorithms into sequences of quantum gates for
execution on specialized hardware. These frameworks
simplify development by abstracting away hardware
complexities, but challenges like error correction and
limited hardware capabilities remain. However, rapid
advancements in both hardware and software promise to
unlock the full potential of quantum computing in the near
future [7], [9].

In table I we briefly described and systematized how
quantum computing differs from classical computing.

The escalating urgency of environmental issues
demands novel solutions beyond the capabilities of
traditional computing methods. This motivates our
exploration of quantum computing, a rapidly evolving field
with the potential to revolutionize resource management.
To gain a comprehensive understanding of the current
landscape and identify potential applications in this
domain, we conducted a thorough literature review
encompassing scientific papers and reports. This initial
phase has provided valuable insights into existing research
on quantum algorithms and their potential applications in
resource management, laying the groundwork for further
exploration and the development of innovative solutions.

This paper is structured as it follows: Section II. is about
the research methodology — how the research was
conducted step by step. Section III. summarizes the results
of the research. Section I'V provides additional information
about different types of quantum programming
frameworks, libraries and development platforms. Section
V discusses the current situation and potential future of the
field. Section VI concludes the paper.
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TABLE I DIFFERENCES BETWEEN CLASSICAL COMPUTING

AND QUANTUM COMPUTING
Feature Classical Quantum
Computing Computing
Fundamental Bit (O or 1) Qubits (can be 0,
Unit 1, or both
simultaneously)
State Binary Superposition
Representation
Operations Based on logic Based on
gates quantum gates
Parallelism Limited to  Exploits
parallel superposition for
processing of = simultaneous
individual bits exploration  of
multiple
solutions
Strengths Well-established, Powerful for
efficient for well- complex
defined problems optimization,
breaking
cryptographic
codes, and
simulating
quantum
systems
Weaknesses Limited by the "0 = Prone to errors,
or 1" paradigm requires specific
algorithms, and
hardware is still
under
development
Applications General-purpose =~ Optimization,
computing, cryptography,
simulations, data materials
analysis, machine science, and
learning drug discovery
(potential for
future)

II. MATERIALS AND METHODS

The motivation behind this comprehensive analysis
research is to find, analyse and structure a variety of
quantum algorithms for dealing with the threats posed by
environmental problems. To ensure a comprehensive and
focused investigation, a well-designed and defined research
methodology is crucial.

Our research as seen in Fig. 1 began with defining the
central topic: “Quantum computing applications for
addressing global warming and pollution”. By defining the
main theme of the research additional questions aroused -
Which specific resource management challenges (e.g.,
optimizing energy grids, reducing waste in supply chains)
hold the most promise for benefiting from quantum
computing algorithms? What existing quantum algorithms
offer the greatest potential for tackling these challenges?
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What are the current limitations and future prospects of
utilizing quantum computing for these applications?

The second step in our research was choosing the
appropriate scientific databases, which is crucial for
identifying relevant and contemporary research. Prominent
databases like Web of Science offer a broad search scope,
while IEEE Xplore and APS focuses on specific fields like
the one, we are interested in - quantum computing.
Additionally, open-access repositories like arXiv and
curated databases like Scopus contribute to a
comprehensive search strategy.

Third, we defined the keywords we would use in our
research. Effective searching relies on carefully chosen
keywords like "quantum computing,", ‘“quantum
algorithms” "resource management,”" "optimization," and
"environment." Additionally, through query method and
applying filters like publication date for capturing only
recent advancements and document type - focusing on
research articles, ensures targeted results. As we want only
the most recent up to date papers, we filtered those search
result to only include papers from 2019 up to nowadays.

Once retrieved, the research articles underwent further
filtering based on inclusion and exclusion criteria. Those
criteria ensured the chosen research directly contributes to
our investigation. After the initial research we used
pagination for structuring and were left with a total of 198
papers, but after additional filtering based on new
acceptance criteria, quantitative analysis on the metadata
and qualitative analysis of the abstracts the result list was
shortened to include 9 papers.

To conclude our research, we analysed the steps we
went through and tried to draw conclusions from that
experience. This involves objectively assessing the
strengths, weaknesses, and potential limitations of the
research, identifying areas for further exploration.
Recognizing recurring themes in the scientific papers offers
valuable insights into the current state of the field and
potential future directions. Identifying areas where research
is limited lays the foundations for future investigations and
expands the knowledge base in this evolving field.

Fig. 1 A comprehensive analysis research - step by step

This structured research methodology could serve as a
roadmap for navigating the vast landscape of scientific
literature and facilitates a comprehensive understanding of
the potential of quantum computing in tackling
environmental challenges through advanced resource
management. By employing this systematic approach, this
research aims to uncover new avenues for utilizing the
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power of quantum algorithms and contribute to building a
more sustainable future.

III. RESULTS AND DISCUSSION

Out of all 198 results in all scientific databases
combined, we managed to narrow down the final result to
9 papers for quantum algorithms which are or could be
exploited to combat global warming and help lower
pollution.

1. Research by Parrish et al. [10] demonstrates the
power of the Variational Quantum Eigensolver
(VQE) for designing novel carbon capture
materials. VQE aims to find the ground state
energy (the most stable configuration) of
molecules, a key property for determining their
ability to bind greenhouse gases. It works by
iteratively preparing and measuring adjustable
quantum states on a circuit. A classical optimizer
then refines the circuit parameters based on the
measurements, progressively  lowering the
calculated energy until it converges towards the
true ground state of the molecule [9]. This
approach offers the potential to computationally
screen vast numbers of candidate materials,
accelerating the discovery of those with optimal
properties for atmospheric carbon removal.

Li Hao [11] proposes a novel angle-expressed
quantum evolutionary algorithm (AQEA) for
solving the Quadratic Knapsack Problem (QKP).
Unlike traditional approaches, AQEA expresses
qubits as angles and initializes them based on the
items' value densities. The algorithm dynamically
determines the rotation angle for each qubit by
comparing the current solution against the best
solution found so far. To prevent premature
convergence, a small-angle rotation (He gate) is
applied. In cases of infeasible solutions (exceeding
the knapsack's capacity), a dynamic value density
approach is used to select items for dropping from
the solution, ensuring feasibility while aiming for
optimal value. Simulations demonstrate that this
AQEA achieves excellent  optimization
performance for QKP.

The paper by Nikita A Nemkov, Evgeniy O.
Kiktenko and Aleksey K. Fedorov [12] focuses on
the Fourier expansion of the loss function in
variational quantum algorithms (VQA), providing
a classical algorithm that computes coefficients of
all trigonometric monomials up to a degree mm for
an NN-qubit circuit and a single Pauli observable
in time bounded by O(N2™). It reveals several
novel aspects of Fourier expansions in Clifford +
Pauli VQA.

This work by Giacomo de Palma et al. [13]
presents tight limitation bounds for standard NISQ
proposals, both in noisy and noiseless regimes,
with or without error-mitigation tools. It introduces
newly developed quantum entropic and
concentration inequalities, providing a theoretical
toolkit from the quantum theory of optimal mass
transport.
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Hari Krovi [14] presents generalized and improved
quantum algorithms for linear and nonlinear
ordinary differential equations (ODE), showing
how the norm of the matrix exponential
characterizes the run time of quantum algorithms
for linear ODEs and extends the application to a
wider class of ODEs.

This paper by N. N. Hegade et al. [15] investigates
a discrete mean-variance portfolio optimization
problem using digitized-counterdiabatic quantum
computing, showing a drastic improvement in
success probabilities of the digital quantum
algorithm when approximate counterdiabatic
techniques are introduced. The enhanced
performance over variational quantum algorithms
like QAOA and DC-QAOA is discussed,
highlighting its potential for finance applications in
the NISQ era.

This work by Xavier Bonet-Monroig [16] studies
the performance of four commonly used gradient-
free optimization methods (SLSQP, COBYLA,
CMA-ES, and SPSA) on small chemistry and
material science problems through variational
quantum algorithms (VQAS). It tests a telescoping
sampling scheme and hyperparameter tunes two of
the optimizers, demonstrating that with appropriate
tuning, CMA-ES can compete with or outperform
SPSA. The study underscores the necessity of
tailoring and tuning optimization techniques for
inherently-noisy VQAs, providing guidance for
future implementations.

While powerful, traditional quantum sensing
suffers from limitations in accuracy and sensitivity.
This work by Li-Zheng Liu et al. [17] proposes a
novel approach using full-period quantum phase
estimation and GHZ states to overcome these
limitations. This approach theoretically achieves
superior  sensitivity, exceeding established
methods. Experiments with eight photons confirm
the technique's effectiveness in surpassing the
shot-noise  limit and  achieving  phase
superresolution. This paves the way for
advancements in quantum sensing and its broader
applications.

Optimizing initial parameters remains a challenge
for variational quantum algorithms employed on
current noisy intermediate-scale quantum devices.
This study by Pranav Chandarana et al. [18]
addresses this issue by proposing a meta-learning
technique utilizing recurrent neural networks. This
technique is applied to the recently developed
digitized-counterdiabatic quantum approximate
optimization algorithm (DC-QAOA),
demonstrating  enhanced  performance on
benchmark problems like the MaxCut problem,
while requiring fewer optimization iterations. By
combining meta-learning and DC-QAOA, this
work paves the way for efficient and powerful
near-term quantum devices, notably through the
design of short-depth circuits with optimal initial
parameters. This approach integrates principles
from shortcuts-to-adiabaticity ~with machine
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learning methods, potentially leading to significant
advancements in near-term quantum computation.

The point of this research was not only to gather the
newest and most prominent advancements in this field but
also to try and summarize and sort them. While most of
them were not created with the intention of solving the
problems with global warming and pollutions, we tried to
sort them as you can see in table II into different categories,
in which we think they are most likely to help combating
the world problems.

TABLE Il AREA OF GLOBAL WARMING OR POLLUTION AND WHICH
ALGORITHM COULD HELP

Area, which are most likely to

Quantum
algorithm

1,3,7

support

Material
Capture

Design and Carbon

Energy Optimization 2,4

Environmental Monitoring 5,8
6,7,9
1,5,9

Optimizing waste management

Developing sustainable food

production systems

As a result of this research, we managed to differentiate
and  structure different quantum  programming
frameworks, libraries and development platforms.

A. Quantum Programming Frameworks

Qiskit is built upon the principles of quantum
information science and uses a Python-based language for
expressing quantum algorithms[19]. Its fundamental
building blocks are quantum gates (operations on qubits)
and quantum circuits (sequences of gates). Qiskit's
modularity is evident in its Terra component (low-level
circuit representation), Aqua (algorithms and applications),
Ignis (noise and error characterization), and Aer
(simulators). It works by translating higher-level
algorithms into optimized quantum circuits executable on
simulators or various hardware backends, including
superconducting qubit processors.

Cirq is fundamentally a Python library for creating,
modifying, and invoking NISQ circuits[20]. It emphasizes
near-term quantum algorithms and is tailored for noisy
hardware. Cirq employs data structures like Qubit,
Moment (a collection of operations acting at the same
time), and Circuit to construct quantum programs. It works
with Google's quantum processors (e.g., Sycamore), and its
key features include optimizers specifically focused on
noise minimization for NISQ-era devices.

ProjectQ is a software framework centred on a
compiler-based approach, enabling quantum code to be
written independently of the target hardware. It utilizes a
high-level internal representation (IR) for quantum circuits
and features a compiler that transforms these circuits and
optimizes them for specific hardware backends, such as
trapped ion systems or superconducting circuits. This
allows developers to focus on algorithm design rather than
low-level hardware details[21].
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Table III presents differences between the frameworks.

TABLE III QUANTUM COMPUTING FRAMEWORKS

Frame Qiskit Cirq ProjectQ
work
IR [BM Google ETH
per Zurich
JYV I General NISQ Hardware-
Purpose algorithms agnostic
developme
nt
Langu [R&%i)il Python Python
age
Y11V Modular, Hardware- Compiler-
es flexible, aware, noise  based,
access to optimizatio  simulators
hardware n

B. Quantum Programming Libraries

Strawberry Fields is a full-stack library for photonic
quantum computing, where qubits are represented by
modes of light (e.g., the squeezing or displacement of a
light beam)[22]. It is based on the continuous-variable
(CV) model of quantum computation, which handles
infinite-dimensional quantum states as opposed to the
discrete states in the more common gate-based model. Its
core elements are quantum gates, states, and programs,
defined using Python functions and specialized hardware
instructions.

PennyLane is a cross-platform library centred on
quantum machine learning (QML) and hybrid quantum-
classical computations[23]. Its key feature is quantum
differentiation, enabling users to compute gradients of
quantum circuits, thereby treating them as nodes in
classical machine learning models. PennyLane utilizes
NumPy-like syntax for array manipulation, integrates
seamlessly with libraries like PyTorch, and allows access
to various quantum hardware platforms and simulators
(including those specialized in photonic quantum
computing).

TensorFlow Quantum (TFQ), an open-source Python
library built on TensorFlow, simplifies development and
deployment of hybrid quantum-classical machine learning
(QML) models[24]. It offers functionalities like
constructing quantum circuits using familiar TensorFlow
syntax, optimizing classical control parameters within
them, simulating and mitigating noise affecting quantum
hardware, and seamlessly integrating with other
TensorFlow tools. This empowers users to tackle various
QML problems, including finding ground states (VQEs),
approximate optimization solutions (QAOA), and
generating data (GQMs).

C. Quantum Computing Platforms

IBM Quantum Experience provides access to IBM's
suite of quantum processors, primarily superconducting
qubit based. It features a drag-and-drop circuit composer
for graphical design of quantum algorithms, in addition to
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its integration with Qiskit. Users can run their jobs on
various simulators or opt to execute them on real quantum
hardware.  Additionally, this platform provides
comprehensive educational resources and fosters a
community around quantum programming[25].

Amazon Bracket is a fully managed AWS service
connects users with various quantum technologies from
providers like D-Wave (quantum annealing), IonQ
(trapped ions), and Rigetti (superconducting qubits)[26].
Braket offers a familiar development environment with
notebooks, task tracking, and integration with other AWS
services. It accommodates hybrid quantum-classical
workloads, facilitating the integration of quantum
algorithms within broader application contexts.

Google Quantum Virtual Machine provides a simulated
environment mirroring Google's quantum hardware. Users
can design and run quantum circuits on the QVM, allowing
them to test and optimize their code before deploying it on
real quantum processors. The QVM incorporates noise
models, mimicking the behavior of actual hardware and
providing realistic insights into algorithm performance.
Fig. 2 shows the quantum development stack — how each
technology or area stacks on one another[27].

Application (Chemistry,
Materials, etc)

Algorithms (VQE, QAOA)
Framework/Libraries

Quantum Hardware

Fig. 2 Quantum Development Stack.

While the potential of quantum computing for
addressing global warming and pollution is significant, the
current state of the technology presents limitations. While
research is actively exploring various avenues, many
applications remain in the theoretical or early-stage
development phase. Some promising areas include
designing new carbon capture materials, optimizing energy
usage, and enhancing environmental monitoring
capabilities. However, directly translating these potential
solutions into real-world applications requires further
advancements in both hardware and software.

The future holds immense potential for quantum
computing to contribute to the fight against global warming
and pollution. As the technology matures, researchers
envision breakthroughs in various areas like:

Materials science - Quantum computers could
revolutionize the discovery and design of efficient and
scalable carbon capture technologies, potentially
accelerating the transition to a low-carbon economy.

Energy optimization - By optimizing energy
distribution and management systems, quantum computing
could contribute to significant reductions in energy waste

and greenhouse gas emissions.
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Environmental monitoring - Advancements in quantum
sensing could lead to more precise and sensitive monitoring
of environmental parameters like air and water quality,
enabling earlier detection of pollution and facilitating more
effective environmental management strategies.

Despite the promising potential of quantum computing
for environmental solutions, several hurdles need to be
overcome. Technical challenges remain, as the technology
is still in its early stages and faces limitations in scalability,
error correction, and overall performance. These
limitations must be addressed before widespread adoption
and practical implementation of quantum solutions can
occur.

Furthermore, building and maintaining quantum
computing infrastructure requires significant resources and
expertise, potentially limiting accessibility and raising
concerns about equitable access and potential economic
barriers. Additionally, careful consideration needs to be
given to the ethical implications surrounding the
development and application of quantum computing.
Ensuring responsible use of the technology and mitigating
potential environmental impacts associated with its
development and operation are crucial aspects to address in
this journey.

IV. CONCLUSION

The intersection of quantum computing and the fight
against global warming and pollution presents a captivating
picture, filled with both promise and challenges. While the
current state of the technology offers glimpses of impactful
applications in areas like carbon capture, energy
optimization, and environmental monitoring, significant
work remains to translate theoretical potential into practical
solutions.

Looking ahead, overcoming technical obstacles like
scalability and error correction is crucial for unlocking the
true potential of quantum computing in addressing
environmental challenges. Moreover, ensuring responsible
and equitable access to this technology, while mitigating
potential ethical and environmental concerns associated
with its development, is paramount. By addressing these
challenges and harnessing the power of quantum
computing, we can aspire towards a future where this
innovative technology becomes a potent tool in tackling
global warming and pollution, providing a way for a more
sustainable world.
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