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ABSTRACT: Transitioning to net-zero carbon emissions in power systems necessitates transformative grid procurement
management, emphasising renewable energy integration, advanced storage technologies, and innovative digital tools.
Grid procurement is a cornerstone for decarbonisation, requiring strategic sourcing, deployment, and alignment with
sustainability goals. This paper explores the challenges and opportunities in grid procurement, focusing on decentralised
solutions, cost-effective technologies, and stakeholder engagement. It highlights the role of policy frameworks, lifecycle
cost analysis, and digital innovations in optimising grid operations and fostering resilience. Case studies, including
Kenya, India, and Ethiopia, demonstrate how tailored procurement strategies can expand electricity access, enhance
reliability, and reduce carbon footprints in developing countries. The findings underline the importance of collaborative,
scalable, and environmentally responsible approaches to grid procurement in achieving sustainable development and
global climate targets.
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L. INTRODUCTION

Power systems in many countries and locations are experiencing growing peaks in electricity demand, creating the need
to increase grid capacity to meet those demands [1][2]. Over recent years, the growth in a specific type of load, the data
centre industry, has been one of the most significant contributors to increased peak demands in several power systems
worldwide [3][4]. This industry's rapid growth and changes in data types required are expected to continue. While grid
suppliers see growing demand as potentially beneficial since it potentially leads to increased revenue, one of the
significant barriers to the growth of data centres and other large energy users is the need for long lead times for new grids
to be constructed to meet their capacity needs [1][5]. A further constraint is that network expansion should be provided
at the lowest possible cost [3]. A relatively narrow band is optimal when addressing long-term strategy. Simply adding
capacity for a slight chance of being used is generally not cost-effective due to significant reductions in capacity factors
[4]. Thus, new grid construction should be as efficient as possible, regardless of whether low-impact or highest-impact
renewables are deployed. The need for new grid capacity appears to be accelerating due to the imperative to address
climate change, for which renewable sources of electricity are required [2].

In this context, we expect the drivers for grid investment to pivot from a focus primarily on economic-based decisions to
technical, economic, and social factors. This is a significant evolution in decades-old thinking in grid procurement, which
typically seeks the lowest-cost options to meet projected demand, often expanding existing grids with established
technologies [1][5]. The corresponding policy response to addressing climate change is to set a future net-zero emissions
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goal [2]. This paper examines transformative grid procurement management, underpinning the capacity of power systems
to achieve net-zero carbon by the mid-21st century [4][5]. In procurement management, this transformed strategic
approach sets an approach to see improved environmental performance of suppliers relative to the traditional procurement
model. Our focus is the application of this strategy’s potential to reduce the carbon impact of grid procurement [1].
Current grid shipment procurement provides few incentives to mitigate supply chain emissions. This undermines efforts
to lower the carbon footprint of the electricity system by using low-impact or zero-emission technologies [3][4].
Operations that form part of the electricity grid should encourage managing overall system operations consistent with
sustainability, which in our context is the ability to stay within a net-zero carbon budget by the year 2050 [5]. The work
focuses on deploying a data centre, though the application is seen as more expansive to the discussion for all new loads
of electrification [2][5]. Figure 1 illustrates global net CO- emissions pathways, highlighting three key trajectories: the
current trajectory, the Paris pledges, and the 1.5°C compatible paths. This aligns with the goals of transformative
grid procurement management, which is integral to achieving emissions reductions necessary for meeting global climate
targets.

Global net CO, emissions pathways
Gt per year
60

40

Figure 1: The net zero carbon emissions report

Key Insights and Connections to Transformative Grid Procurement Management:

1. Current Trajectory vs. 1.5°C Path:

e The current trajectory demonstrates a continued rise in global emissions, reflecting insufficient measures to
decarbonise power systems. In contrast, the 1.5°C compatible pathway shows the significant emissions reductions
needed by 2050 to avoid catastrophic climate impacts.

e Transformative grid procurement plays a pivotal role in driving the deployment of renewable energy technologies
and efficient grid systems that enable this sharp decline in emissions. Strategic investments in solar, wind, and energy
storage technologies are essential to shift from the current trajectory.

2. Paris Pledges and Beyond:

e The Paris pledges represent incremental progress but fall short of the reductions required for 1.5°C compatibility.
Grid procurement strategies must align with and exceed these pledges by incorporating advanced technologies like
hydrogen production systems, grid-forming inverters, and decentralised renewable energy systems.

e  Procurement frameworks that integrate lifecycle emissions accounting and prioritise low-carbon technologies can
help accelerate the pace of emissions reductions.

3. Role of Renewable Energy:

e Achieving the steep reductions shown in the 1.5°C pathway depends heavily on transitioning to renewable energy
sources. This requires procurement strategies prioritising scalable, cost-effective solutions for integrating renewables
into existing grids while addressing intermittency through energy storage and demand-side management.
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4. Policy and Stakeholder Engagement:

e < UNK> Transitioning to the 1.5°C pathway necessitates cohesive policies supporting renewable energy adoption,
carbon pricing, and sustainable grid modernisation. Transformative procurement management can act as a bridge,
ensuring that investment decisions align with national and global climate policies.

e Stakeholder engagement in procurement processes is critical for fostering collaboration among governments, private
industries, and communities, ensuring equitable and inclusive transitions.

5. Innovation and Digitalization:

e The steep decline in emissions in the 1.5°C path underscores the need for rapid innovation. Digital tools like Al-
driven predictive analytics, blockchain for transparent procurement, and digital twins for system optimisation are
vital in achieving operational efficiency and emissions reductions.

The emissions pathways depicted underscore the urgency of implementing transformative grid procurement management.

By aligning procurement strategies with paths compatible with 1.5°C, governments and utilities can accelerate

decarbonisation efforts, expand renewable energy integration, and drive the systemic change needed to achieve a

sustainable and climate-resilient future.

II. CURRENT CHALLENGES IN POWER SYSTEMS AND THE NEED FOR NET-ZERO CARBON
EMISSIONS

Electricity is widely regarded as the clean and sustainable form of energy that plays a crucial role in modern society
[6][7]. The power sector accounts for a significant one-quarter of global greenhouse gas (GHG) emissions while
simultaneously striving to meet the ever-growing energy needs of the world [8]. This critical transitional phase entails an
evolutionary process of moving from traditional fossil resources to renewable energy resources. These include diverse
options such as hydroelectric power, solar energy, wind energy, biomass, and bioenergy, all of which contribute to
generating green electricity [6]. However, in today's world, sustainability policy demands that 65-70% of the energy
produced come from clean, reliable, and affordable electricity sources to enable further progress toward climate targets
[7]. Only when renewable electricity is increased to at least 70% from its current level of approximately 25% can we
expect emissions to be significantly reduced by the year 2050 [8]? This substantial increase in renewable energy
production makes it easier to meet and even exceed the critical 1.5°C warming threshold than pre-industrial levels [9].
The electricity sector is often considered slow to adopt necessary changes and decarbonise, highlighting the urgent need
for net-zero emissions to be achieved by 2050 [6][8]. This will require comprehensive planning and concerted action.
Without a reliable electricity supply, the stability of our critical economy can be placed at considerable risk [7][9].
However, the current electricity system presents physical and economic constraints that challenge millimetric changes,
emphasising the need for innovative solutions and a collective effort to overcome these obstacles [6][9]. Table 1 below
summarises examples of countries and their progress in increasing renewable electricity production to meet global
sustainability and climate targets.

Table 1: Renewable electricity production to meet global sustainability and climate targets.

Country Current Key Renewable Energy Goals for 2050 Challenges
Renewable Sources
Energy
Contribution
Norway ~98% Hydropower, wind energy ~ Maintain near-100%  Seasonal variability in
renewable electricity hydropower generation
Germany ~40% Wind energy, solar power, 100% renewable energy Dependence on fossil fuels for
biomass target backup power
India ~22% Solar power, wind energy, 50% installed capacity Rapid population growth and
hydroelectric power from renewables energy demand
United ~20% Wind energy, solar power, 100% carbon-free Infrastructure  and  policy
States biomass electricity by 2035 fragmentation
China ~29% Hydropower, solar energy, Net-zero by 2060 High coal dependency and
wind energy industrial demand
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Key Observations
1. Global Trends:
a. Renewable energy constitutes approximately 25% of global electricity generation [6][7].
b. Significant expansion to 70% is critical for achieving climate targets by 2050 [8][9].
2. Energy Diversification:
a. Countries like Norway already lead the way with near-total reliance on renewable sources like hydropower
[6].
b. Emerging economies like India and China are investing heavily in solar and wind technologies [8].
3. Barriers to Adoption:
a. Physical constraints such as variability in renewable energy sources (e.g., wind and solar) hinder large-scale
adoption.
b. Economic and policy challenges, including the high cost of transitioning and fragmented regulatory
frameworks, slow progress [7][9].
4. The 1.5°C Target:
a. Achieving the 1.5°C target necessitates a dramatic increase in renewable energy use, innovative
technologies, and international cooperation to overcome challenges [9].
This transformation requires a collective and integrated approach that combines innovative solutions, policy support, and
active participation from all stakeholders to ensure a sustainable and reliable electricity supply.

III. THE ROLE OF GRID PROCUREMENT MANAGEMENT IN TRANSITIONING TO NET-ZERO
EMISSIONS

Amid global interest in reducing greenhouse gas emissions, electricity systems have been prioritised in the pathway
toward net-zero carbon emissions [10]. The strategies pursued by public and private sector companies in the global
electricity industries will depend on their market environments, corporate cultures, and social demands [11]. It is
sometimes said that power companies can do nothing regarding energy services since they depend on techniques and
business models usually established by others. However, this view is no longer valid. The utility sector increasingly
recognises its capacity to influence manufacturing techniques through grid operation changes, essential for transitioning
from traditional coal-based methods to renewable energy systems [12]. Although this shift is challenging from a long-
term societal perspective, grid modernisation and incorporating renewable assets present a viable bridge to achieving
long-term emission reduction targets for national power systems [13].

In the electricity sector, decisions regarding asset procurement are expected to be a key lever in determining the adoption
of greener technologies [10]. Introducing new procurement criteria provides a strategic avenue for attracting innovative
suppliers committed to green manufacturing solutions. Such criteria encourage companies to initiate strategic endeavours
or pilot projects on green manufacturing, fostering a culture of sustainability [11][12]. By aligning procurement practices
with sustainability goals, these initiatives are expected to contribute to greenhouse gas (GHG) reductions in the short
term and act as backcast partnerships, essential elements in strategic planning processes for long-term decarbonisation
[13]. Electrification programs are increasingly linked with ambitious long-term plans for green procurement management
(GPM) practices. As these programs produce goods and services that contribute to carbon emissions, their associated
grids and projects must facilitate GHG reduction over time. The electricity sector can drive systemic change by
embedding GPM into procurement strategies, enabling a transition to sustainable energy systems and supporting the
broader goal of net-zero carbon emissions [10][13].

IV. KEY STRATEGIES AND BEST PRACTICES IN GRID PROCUREMENT MANAGEMENT FOR
CARBON NEUTRALITY

A procurement framework prioritising both price and sustainability is indispensable in achieving carbon neutrality or
reducing carbon emissions to the greatest extent while using power grid-related products and functions [14]. Generally,
existing procurement strategies to decrease environmental impact can be categorised into three main approaches: (i) direct
purchase of renewable energy to lower upstream emissions from power generation and transmission, thereby facilitating
the green and carbon emission trade from energy goods; (ii) prioritising low-carbon and environmentally friendly raw
materials and manufactured goods; and (iii) adopting a lifecycle approach to assess product availability and
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environmental impact, including transportation and processing stages [15][16]. These strategies demonstrate a
comprehensive effort to integrate sustainability considerations into procurement practices, extending beyond immediate
purchase decisions to encompass the entire product lifecycle. Furthermore, more complex procurement processes address
scrap waste and maintenance produced during the use phase. Additionally, integrating grid-related innovative
technologies, including active distribution networks, grid protection, energy storage, microgrids, flexible consumption
mechanisms, and distributed power generation, is increasingly vital. These elements should be considered and
innovatively addressed from the earliest stages of product development and design [14][17].

[lustrative examples highlight the central role of procurement as a driver of policy changes, operational innovation, and
emissions reduction. For instance, the Metropolitan Washington Airport Authority, encompassing Washington Dulles
and Reagan airports, achieved carbon neutrality in 2015. By purchasing additional renewable electricity, they reduced
emissions by an estimated 3,572 CO2e tonnes, demonstrating the pivotal role of renewable electricity in complementing
other sustainability measures [15]. Similarly, the Port of Long Beach reduced its scope of two emissions through energy
efficiency improvements. It addressed scope three emissions by procuring 1,000 MWh of unbundled renewable
electricity, illustrating the direct impact of capital investments in sustainable energy solutions [16][18]. Concrete
examples of sustainability in procurement extend to TransLink, the public transit body in Canada. In 2018, they
introduced an ageing fleet replacement framework as part of a broader suite of policies and initiatives to fulfil their
climate and sustainability commitments. By sourcing shore energy from zero-emission sources, TransLink has
demonstrated the effectiveness of aligning procurement frameworks with ambitious environmental goals [17][18]. These
practices emphasise the need for comprehensive, innovative procurement strategies to support decarbonisation and
achieve long-term sustainability objectives.

4.1. Key Components of Transformative Grid Procurement Management

The bar chart illustrates the relative importance of five key pillars of transformative grid procurement management. The
most critical component, renewable energy integration, scored the highest importance, highlighting its role in achieving
sustainable energy systems. Advanced energy storage follows closely, emphasising its significance in balancing energy
supply and demand, especially in grids reliant on variable renewable sources. Digital technologies rank highly, reflecting
their growing importance in enabling grid optimisation, predictive analytics, and enhanced operational control. Policy
alignment is also significant, underscoring the necessity for coherent regulations and incentives to support grid
transformation. Stakeholder engagement, though slightly lower, remains vital for fostering collaboration, ensuring equity,
and addressing societal concerns during the energy transition. The chart underscores a holistic approach, where each
component is integral to achieving efficient, reliable, and sustainable grid procurement.

80

60

40

Importance (Out of 100)

Figure 2: Key Pillars of Transformative Grid Procurement Management
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a. Renewable Energy Integration

The increasing adoption of renewable energy sources, such as solar and wind power, presents considerable challenges
that cannot be overlooked, particularly concerning the variability and intermittency associated with these energy systems.
It is imperative to strategically procure and effectively implement grid-forming inverters, high voltage direct current
(HVDC) systems, and flexible alternating current transmission systems (FACTS) to mitigate these ongoing challenges
successfully. These advanced and innovative technologies play a crucial role in facilitating efficient energy transmission
across the grid, enabling bidirectional power flows, and ensuring overall grid stability even in the face of fluctuations
that arise from renewable energy generation. Their deployment is essential for achieving a reliable and resilient energy
infrastructure.

b. Advanced Energy Storage Solutions

Energy storage is essential in effectively reconciling the ever-fluctuating supply and demand within a power grid
predominantly reliant on renewable energy sources. It is increasingly imperative that grid procurement strategies focus
on high-capacity and long-duration storage technologies. These technologies include various options like lithium-ion
batteries, flow batteries, and promising new developments in solid-state battery options. Moreover, it is crucial that
considerations regarding the entire lifecycle of these storage technologies—such as efficiency, carbon footprint, and
recyclability—should guide the procurement decisions made by grid operators to guarantee that they align with broader
sustainability objectives and goals. This approach ensures that the integration of renewable energy sources into the grid
is not only practical but also environmentally responsible.

c. Digital Technologies for Enhanced Management

Digitalisation presents significant and transformative opportunities for enhancing grid management by enabling much
better monitoring, more effective control, and comprehensive optimisation of energy networks. Emerging technologies
such as artificial intelligence (AI) for advanced predictive analytics, blockchain for transparent and secure contracting,
and digital twins for accurate system simulation are fundamentally changing the landscape of procurement processes in
the energy sector. These groundbreaking innovations allow utilities to streamline their supply chain operations efficiently,
reduce various risks, and significantly improve their capacity to withstand market fluctuations, supply chain disruptions,
and shortages of critical materials. As these technologies evolve and integrate, they promise to revolutionise how utilities
operate and manage their resources.

d. Policy Alignment

Policy frameworks play a critical role in shaping and influencing the various methods used for grid procurement. The
importance of adhering to regulatory requirements cannot be overstated; compliance with established targets for
renewable energy integration is essential for ensuring that the energy transition is effective and sustainable. Furthermore,
leveraging government incentives effectively can help significantly reduce overall expenses while facilitating a quicker
and smoother implementation of advanced technology. Additionally, policies that encourage local content and foster the
involvement of regional stakeholders are vital as they contribute to local economic growth and promote a fair and
equitable transition towards achieving net-zero emissions.

e. Stakeholder Engagement

The transition to alternative energy sources significantly influences many stakeholders, including utility companies,
policymakers, community organisations, and the public. Robust and comprehensive engagement strategies must be
effectively implemented to cultivate greater consensus, encourage innovative solutions, and promote inclusivity across
various sectors. Furthermore, procurement frameworks should be designed to integrate feedback from all relevant
stakeholders to enhance transparency, effectively respond to local issues and challenges, and align closely with society's
evolving values and needs.

V. CASE STUDIES AND SUCCESS STORIES OF IMPLEMENTING TRANSFORMATIVE GRID
PROCUREMENT MANAGEMENT

Adopting transformative grid procurement management (GPM), the theoretical perspective outlined above provides a

strategic pathway to achieving carbon neutrality in the power system [15]. This proposition is supported by real-world
case studies demonstrating success across various regions, where distinct triggers and levers have significantly
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accelerated emissions reductions. For instance, long-term off-take agreements with renewable energy projects have
initiated power system decarbonisation. Similarly, national efforts in some regions have resulted in the decarbonisation
of entire states through cross-border initiatives, while integrated gas and electricity connections have led to substantial
emissions reductions [19][20]. These cases highlight the potential of innovative financing mechanisms, such as bulk
procurement, energy-as-a-service models, and investments from sovereign wealth funds in new transmission
infrastructure, as pivotal enablers of transformation. A key lesson learned is that engaging suppliers and off-takers in
procurement reduces inertia and fosters collaboration [21]. Furthermore, government-led renewable energy initiatives
can drive the integration of clean power into existing grids by supporting essential infrastructure upgrades. Specifying
the quality of power generation in procurement processes has also shown the potential to reduce the number of turbines
required, thus lowering costs and improving efficiency [22].

Despite its promise, the shift to transformative procurement practices faces several challenges. These include institutional
barriers, high upfront costs associated with advanced technologies like transformers, inadequate financing options,
difficulties in accurately forecasting renewable energy generation limits, and complications arising from land acquisition
processes. Additionally, resistance from monopoly fossil fuel power companies and challenges in coordination pose
significant obstacles [15][21]. Coordination efforts can be improved through expedited permitting processes and efficient
delivery of project milestones. A notable example of progress in integrating gas and electricity systems is the
implementation of coordinated projects that simplify technical integration. Such initiatives demonstrate the practical
feasibility of transformative procurement strategies and highlight the importance of a collaborative approach [19][20].
Since 2015, various organisations have hosted seminars, workshops, and conferences to enhance regional electricity
supply security and share insights on transformative procurement practices. These events aim to strengthen the adoption
of GPM and encourage energy sector actors to embrace these strategies, contributing to decarbonisation and other
sustainable development goals [22][23]. Through showcasing tangible examples, elucidating the transformative potential
of electricity grid practices, and addressing the challenges associated with these strategies, the path to a sustainable and
carbon-neutral power system can be more clearly defined.

5.1. Grid Procurement in Developing Countries: Challenges and Opportunities

Grid procurement in developing countries involves strategic planning, sourcing, and deploying infrastructure to expand
electricity grids, addressing access, affordability, and sustainability [24][25]. Unlike developed nations, where
procurement often focuses on modernising existing systems, developing countries prioritise expanding grid access,
especially in underserved rural areas [26]. This entails leveraging decentralised solutions like microgrids, adopting low-
cost technologies, and fostering public-private partnerships (PPPs) to mitigate risks [27][28]. Renewable energy
integration remains central, with strategies targeting solar, wind, and hybrid solutions to meet rising energy demands
sustainably [29][30]. Achieving cost-effectiveness through competitive auctions, lifecycle cost analysis, and local
manufacturing is essential for reducing import dependency [31]. Policy and institutional support, alongside capacity-
building initiatives, play a critical role in enhancing procurement efficiency [32]. Furthermore, technological innovations
such as blockchain, smart metering, and modular transformers enable greater flexibility and transparency [33]. Persistent
challenges, including limited financial resources, inadequate institutional capacity, supply chain constraints, and political
and social barriers, necessitate innovative financing mechanisms like green bonds, decentralised energy systems, and
expanded PPPs [34][35]. International collaboration with organisations such as the World Bank and IRENA provides
essential technical, financial, and policy support [36][37]. Notable successes include Kenya’s solar mini-grids
electrification programme, India’s UDAY Scheme for grid efficiency, and Ethiopia’s renewable energy auctions, which
effectively reduced costs [38][39][40]. A tailored, integrated approach to grid procurement is vital to expanding electricity
access, improving reliability, reducing emissions, and supporting sustainable development in developing countries [41].

VI. CONCLUSION AND FUTURE DIRECTIONS

Procurement of the grid can catalyse legitimate transformative changes in the pursuit of carbon neutrality. Although
decarbonisation is the ultimate goal, environmentally sustainable sourcing is an overall strategic move, and clean
operation is one of its attractive commercial benefits. The internalisation of social costs will inevitably lead to carbon
neutrality. Aligned, efficient PGM is a critical shifting tool in the collective policy of forced power sector carbonisation.
The mass decarbonisation of Europe's grid shows the possibility and potential of replicating this approach and responding
to an informational, technological, and organisational shift aligned toward the potential environmental procurement of
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the grid. Experience in the Aomori case highlights the tentative solutions representing new research needs to support
actual development. This text has attempted to conceptualise the link between transformative procurement and corporate
policy and value, particularly with a view toward sustainability. A strategic PGM approach integrates essential elements,
including collective agreements and community consultation, local job creation, longer-term local energy supply and
energy management, energy saved and demand management, smart grid installations, and tariff customisation. But unique
challenges remain. These four priorities suggest initial insights into how the spaces between demand and supply may be
resolved to achieve a transformative power change. However, there are opportunities for necessary development. It is
critical to continue developing contemporary and smart grid PGM. Communication pathways lacking previous research,
including government departments to implement PGM, business consortiums, community energy groups, and industrial
and commercial electricity, were submitted to previous consortiums. Finally, further understanding of technological
PGM, creating administrative tools and significant studies to foster cooperation are required. Anyone with a social
commitment to reducing CO2 emissions will contribute to the research promotion.
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