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EXECUTIVE
SUMMARY

Supply chains are the lifeline of global commerce, linking 
suppliers, manufacturers, and consumers to ensure the smooth 
delivery of goods and services. However, this intricate system 
is also one of the largest contributors to greenhouse gas 
emissions, resource depletion, and pollution. With supply chain 
operations accounting for a significant share of global emissions 
and operational costs, the urgency to work towards sustainable 
supply chains has never been more critical. Qatar, strategically 
located as a key global logistics hub, faces a unique challenge and 
opportunity. The nation’s vision of balancing economic growth with 
environmental responsibility under its National Vision 2030 makes 
sustainable supply chains a pivotal element of its strategy for 
long-term resilience and competitiveness.

A growing emphasis on sustainable supply chain has brought 
Scope 3 emissions, those arising from the entire value chain, into 
sharp focus. These emissions, which often dwarf a company’s 
direct and energy-related emissions, originate from activities like 
raw material extraction, production, transportation, and end-of-life 
disposal. Addressing ope 3 emissions is particularly challenging 
due to their dispersed and complex nature, yet it is essential for 
reducing the overall carbon footprint. Organizations worldwide 
are responding to consumer demand for sustainable practices, 
investor pressure for environmental, social and governance (ESG) 
accountability, as well as regulatory frameworks that demand 
tangible progress toward sustainability goals. In Qatar, such 
measures also align with its broader ambitions of environmental 
stewardship and economic diversification.

The path to sustainable supply chains is fraught with challenges. 
Managing sprawling networks of suppliers, overcoming resistance 
to change, and bearing the initial costs of transitioning to greener 
practices are significant hurdles. Furthermore, fragmented 

SCOPE AND
METHODOLOGY

The scope of this white paper focuses on the topics discussed 
during the panel session, “Sustainable Supply Chains and 
Logistics”, held on the second day of QNDCC 2024. The session 
featured esteemed panelists, including Mr. Florian Schwarz, VP 
and Head of Sustainability for Customer Solutions & Innovation 
(CSI) at DHL; Mr. Japhet Simon, Sustainability Director at 
QTerminals LLC; Ms. Al-Anoud M. Al-Mosleh, Head of Research 
and Policy Advocacy at the Investment Promotion Agency in Qatar; 
and Mr. Dragos Fundulea, Principal at Roland Berger Middle 

systems and inadequate visibility into supplier operations can 
obscure the environmental and social impacts of supply chain 
activities. In countries with limited regulatory enforcement, low-
tier suppliers often operate without sustainability considerations, 
exacerbating the problem. These challenges highlight the need for 
technological innovation, cross-sector collaboration, and robust 
frameworks to drive sustainable transformation.

Despite these obstacles, the shift to sustainable supply chains 
opens up immense opportunities. Green financing initiatives, 
such as sustainability-linked loans and green bonds, provide the 
financial support required to adopt eco-friendly technologies. 
Circular economy practices, which emphasize resource efficiency 
and waste reduction, offer a path to minimizing environmental 
impact while creating new value streams. Technologies such 
as IoT, Big Data Analytics, and blockchain bring unparalleled 
transparency and efficiency to supply chain operations, 
empowering businesses to optimize resource use and reduce 
emissions. In Qatar, public-private partnerships further strengthen 
this transition, enabling the development of infrastructure and 
policies that align with the country’s sustainability goals.

For Qatar, embedding sustainability within supply chains is not 
only an environmental imperative but also a strategic advantage. 
By adopting sustainable practices, the nation can enhance 
its global competitiveness, attract investment, and diversify 
its economy beyond hydrocarbons. As supply chains evolve 
to meet growing demands and sustainability expectations, 
Qatar’s commitment to innovation and collaboration positions 
it as a leader in shaping the future of global trade and logistics. 
This transformation reflects the broader vision of integrating 
sustainability into every aspect of economic activity, ensuring long-
term prosperity and environmental stewardship.

East. The analysis combines insights from this panel discussion 
with supplementary research to enhance key takeaways and 
provide actionable recommendations. The methodology integrates 
preliminary academic research, on-site session notes, post-
session research, and benchmarking. These findings aim to 
support Qatar’s sustainability goals by advancing sustainable 
supply chain initiatives and offering Qatar-specific strategies to 
enhance transparency, resource efficiency, and environmental 
stewardship in regional and global supply chains.
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UNDERSTANDING THE 
NEED FOR SUSTAINABLE 
SUPPLY CHAINS

Supply Chains are the backbone of the global economy, linking 
suppliers, producers and consumers to drive the seamless flow of 
goods, services, and information across industries worldwide. Yet, 
the scale and complexity of supply chain operations have made 
them a significant source of environmental strain, contributing to 
a substantial share of global greenhouse gas (GHG) emissions, 
resource depletion, and other ecological challenges. From water 
pollution and loss of biodiversity to hazardous air emissions and 
substantial energy consumption, the environmental footprint of 
supply chains is vast and far-reaching. 

A typical company’s supply chain is responsible for 80% of its 
GHG emissions and over 90% of its contribution to air pollution 
during the production and distribution of consumer products.1 

This accounts for around 60% of all global carbon emissions.2  
Additionally, the United Nations Environment Programme (UNEP) 

1 Earth.Org. “Sustainable Supply Chains: Global Decarbonization.” Earth.Org. Accessed December 22, 2024. https://earth.org/sustainable-supply-chains-global-decarbonization/.
2 Forbes Technology Council. “Sustainable Logistics: Preparing for a Green Future by 2030.” Forbes, February 1, 2024. Accessed December 22, 2024. https://www.forbes.com/councils/forbestechcouncil/2024/02/01/sustainable-logistics-
preparing-for-a-green-future-by-2030/.
3 World Economic Forum. “Sustainable Resource Consumption Is Urgent: UN.” World Economic Forum, March 2024. Accessed December 22, 2024. https://www.weforum.org/stories/2024/03/sustainable-resource-consumption-urgent-un/.
4 Earth.Org. “Sustainable Supply Chains: Global Decarbonization.” Earth.Org. Accessed December 22, 2024. https://earth.org/sustainable-supply-chains-global-decarbonization/.

forecasts a 60% increase in global natural resource consumption 
by 2060 compared to 2020 levels, driven by urbanization, 
industrialization, and population growth. Given that supply chain 
drives much of the demand for natural resources, the pressure 
on ecosystems and resources is set to escalate, leading to severe 
consequences such as climate change, water stress, and habitat 
destruction.3  Beyond their environmental impact, supply chains 
represent a major financial burden for businesses, accounting for 
50% to 70% of operational costs.4 

Qatar, with its strategic location at the crossroads of Asia, Europe, 
and Africa, has positioned itself as a global leader in SC and 
logistics. Its world-class infrastructure, free zones, logistics parks, 
and advancements in ICT contribute to a robust and efficient 
network, making the country a vital hub connecting major global 
markets.5 As supply chains become increasingly vital in supporting 

5 The Peninsula Qatar. “Logistics Sector Rapidly Expanding, Poised for Further Growth.” The Peninsula Qatar, September 1, 2024. Accessed December 22, 2024. https://thepeninsulaqatar.com/article/01/09/2024/logistics-sector-rapidly-
expanding-poised-for-further-growth.
6 McKinsey & Company. “What Are Scope 1, 2, and 3 Emissions?” McKinsey & Company. Accessed December 22, 2024. https://www.mckinsey.com/featured-insights/mckinsey-explainers/what-are-scope-1-2-and-3-emissions.
7 Sweep. “Scope 3: Understanding Supplier Tiers.” Sweep. Accessed December 22, 2024. https://www.sweep.net/insights/scope-3-understanding-supplier-tiers.
8 Carbonnt. “Understanding the Importance of Scope 3 Emissions in the Supply Chain.” Carbonnt. Accessed December 22, 2024. https://www.carbonnt.com/en/news/5e5509a9-e33f-43fd-8e46-94147fe6aa2b.

global demand, it is critical to address the environmental and 
economic challenges through supply chain optimization and the 
adoption of sustainable practices. Addressing these challenges 
is essential to ensure long-term resilience, sustainability, and 
competitiveness in an increasingly resource-constrained and 
interconnected world.

Understanding the environmental footprint of supply chains 
requires a comprehensive evaluation of GHG emissions, which are 
categorized into three distinct scopes based on their source and 
control. Scope 1 emissions refer to direct emissions from sources 
owned or controlled by an organization, such as fuel combustion 
in manufacturing facilities or corporate vehicles. Scope 2 
emissions, on the other hand, are indirect emissions resulting 
from the generation of electricity, steam, heating, or cooling that 
an organization purchases for its operations. These two scopes are 
relatively straightforward to measure and manage, as they pertain 
to emissions within an organization’s immediate control.6 

Figure 1: Scope 3 Emissions come from a company’s value chain
Disclosure rate by each of Scope 3’s fifteen categories (fy 2020, S&P Global 1200 index)

However, the true scale of environmental impact lies in Scope 
3 emissions, which are significantly more complex. Scope 
3 emissions encompass the indirect emissions that occur 
throughout an organization’s value chain, both upstream and 
downstream. These emissions result from activities not directly 
owned or controlled by the organization but are intrinsic to its 
operations, such as the extraction and production of raw materials, 
transportation of goods, use of sold products, and disposal at the 
end of a product’s lifecycle.7  This makes Scope 3 emissions highly 
variable and distributed across the entire supply chain as shown 
in Figure 1, creating unique challenges for measurement and 
reduction.
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Scope 3 emissions are by far the largest component of a 
company’s carbon footprint, often dwarfing Scopes 1 and 2 
combined. According to the Carbon Disclosure Project (CDP), these 
value chain emissions are, on average, 11.4 times greater than 
a company’s direct emissions. Furthermore, Scope 3 emissions 
typically account for 75% of a company’s total emissions, with 
certain industries, such as transportation manufacturing, financial 
services, and agriculture, seeing figures as high as 90% to
100%. 8  These statistics reveal the disproportionate impact 
of supply chain activities on global emissions, highlighting the 
importance of addressing Scope 3 emissions in sustainability 
strategies.

Despite their magnitude, Scope 3 emissions remain critically 
underreported. While 61% of businesses track their Scope 1 

9 Sweep. “Scope 3: Understanding Supplier Tiers.” Sweep. Accessed December 22, 2024. https://www.sweep.net/insights/scope-3-understanding-supplier-tiers. 
10 Carbon Saver. “Scope 3: Emissions across the Supply Chain.” Carbon Saver. Accessed December 22, 2024. https://carbonsaver.org/scope3.php.

11 Procurify. “What Is the Difference Between Procurement and Supply Chain Management?” Procurify. Accessed December 22, 2024. https://www.procurify.com/blog/difference-procurement-supply-chain-management/.
12 Li, Jianwei, and Deyu Zhong. “Comparing the Impact of Green Supplier Selection and Integration on Environmental Performance: An Analysis of the Moderating Role of Government Support.” MDPI, August 22, 2024. https://www.mdpi.
com/2071-1050/16/16/7228
13 Wright, Matthew. “Sustainable Product Development: Reduce Environmental Impact.” Specright, July 2, 2024. https://specright.com/blog/sustainable-product-development.
14 World Integrated Trade Solution. “Qatar Raw Materials Imports.” Qatar Raw materials Imports by country & region 2022 | WITS Data. Accessed December 22, 2024. https://wits.worldbank.org/CountryProfile/en/Country/QAT/Year/2022/
TradeFlow/Import/Partner/all/Product/UNCTAD-SoP1.

Figure 2: Distribution of emissions across scopes and industries

emissions and 42% measure Scope 2 emissions, only 28% actively 
monitor Scope 3 emissions.9 This lack of visibility is a major 
barrier to effective carbon reduction efforts, as organizations 
cannot manage what they cannot measure. For industries like real 
estate, construction, and mining, where upstream emissions from 
raw materials dominate, or transportation manufacturing, where 
downstream emissions from product use prevail, understanding 
the sources and scale of Scope 3 emissions is essential to creating 
targeted sustainability solutions.

To illustrate the distribution of emissions across scopes and 
industries, the following graph shows the emission splits for 
Scopes 1, 2, and 3, highlighting the dominance of Scope 3 
emissions in both upstream and downstream activities.10  

The graph highlights the dominance of Scope 3 emissions across 
industries, with upstream activities (e.g., raw material extraction) 
and downstream processes (e.g., product use) accounting for 
the largest share of total emissions. Industries such as financial 
services and insurance exhibit nearly 100% downstream 
emissions, driven by financed activities and product usage, 
while sectors like automobiles, capital goods, and apparel face 
significant upstream emissions from energy-intensive material 
production and sourcing. In contrast, industries like utilities and 
transportation show a more balanced contribution, with Scope 
1 and 2 emissions from direct operations playing a larger role. 
This disparity underscores the critical need for sector-specific 
strategies to tackle Scope 3 emissions, which often make up over 
90% of a company’s carbon footprint. 

PROCUREMENT AND RESOURCE EXTRACTION
Procurement is a pivotal function in supply chains, which 
involves the sourcing and acquisition of goods and services 
that organizations need to operate. It involves everything from 
identifying needs, sourcing suppliers, negotiating prices, and 
ensuring timely delivery.11  Beyond this, procurement decisions 
have far-reaching implications for environmental sustainability. 
Choices regarding suppliers and raw materials directly impact 
natural ecosystems, influencing deforestation, resource 
exploitation, and pollution. 

The environmental impact of procurement decisions, particularly 
supplier selection, extends far beyond immediate operational 
concerns and has a significant influence on sustainability 
outcomes. Ineffective supplier selection poses significant 
environmental challenges, undermining efforts to establish 
sustainable supply chains. Choosing suppliers with inadequate 
environmental practices can lead to increased energy 
consumption, heightened pollution levels, and unsustainable 
resource use. For instance, engaging with suppliers that 
rely on outdated, energy-intensive manufacturing processes 
contributes to elevated greenhouse gas emissions and accelerates 
environmental degradation. Additionally, suppliers with poor waste 
management systems further exacerbate environmental harm by 
generating excessive landfill waste, contaminating water sources, 
or engaging in practices such as deforestation during resource 
extraction. 12  Furthermore, the environmental impact of poor 
supplier selection extends beyond direct emissions, influencing 
Scope 3 emissions. These emissions, stemming from outsourced 
production, transportation, and product use, often constitute the 
largest portion of a company’s carbon footprint. Inefficient supplier 
operations also perpetuate resource inefficiencies, leading to the 
overuse of raw materials and water, placing additional strain on 
ecosystems and contributing to biodiversity loss.

Sustainable procurement extends beyond selecting 
environmentally responsible suppliers. It also involves defining 
product specification criteria for the goods sourced from these 
suppliers, which will minimize negative environmental impacts 

and support long-term sustainability objectives. Product 
specification choices can significantly affect the environment, often 
in ways that are not immediately apparent but have long-lasting 
consequences. When companies select raw materials without 
considering their environmental impact, they may unknowingly 
contribute to a host of ecological issues, including increased 
carbon emissions, waste accumulation, and the depletion of 
natural resources. One major concern arises from the selection 
of non-renewable or non-recyclable materials. Products made 
from such materials require significant energy and resources 
to produce and pose challenges at the end of their life cycle. 
Non-compostable or difficult-to-recycle materials can end up in 
landfills, where they take years to decompose, releasing harmful 
greenhouse gases in the process. This contributes to the growing 
issue of landfill waste, which further accelerates climate change.13 

Qatar’s imported raw materials was valued at $2.7 billion in 2022, 
sourced from partners such as Oman, Australia, Brazil, India, and 
Sweden,14 reflecting the interconnected nature of global supply 
chains these imports are essential for industrial diversification 
and economic resilience, including machinery, chemicals, and 
raw materials critical for non-hydrocarbon sectors.15 However, 
such dependencies also expose Qatar to global economic 
fluctuations, geopolitical tensions, and environmental risks tied to 
the production and transportation of these materials. Moreover, 
long supply chains contribute to higher carbon footprints through 
transportation emissions and energy-intensive extraction and 
processing methods. This reinforces the critical importance of 
integrating sustainability into Qatar’s procurement strategies.

As businesses strive for greater control over their supply chains, 
some turn to direct resource extraction, which brings its own set of 
environmental challenges. The extraction and processing of fossil 
fuels, metals, minerals, food, and forestry products collectively 
account for approximately 60% of global GHG emissions, more 
than 90% of biodiversity loss, and 40% of health-threatening 
particulate matter in the air. 

Understanding Scope 3 emissions sheds light on the significant 
environmental impact embedded across the entire supply chain, 
emphasizing the need to examine how each sector contributes 
to these challenges. From resource extraction to production, 
transportation, and waste management, every stage plays a 
critical role in shaping the overall environmental footprint. To 
address these impacts effectively, it is crucial to analyze the 
specific contributions of different supply chain components. The 
following sections detail key components of supply chains and 
their contributions to the environmental challenges.



SUSTAINABLE SUPPLY CHAINS SUSTAINABLE SUPPLY CHAINS

12 13

15 World Integrated Trade Solution. “Qatar Trade Summary.” Qatar Trade Summary 2022 | WITS Data. Accessed December 22, 2024. https://wits.worldbank.org/CountryProfile/en/Country/QAT/Year/2022/Summary. 
16 Reuters. “To Solve the Climate Crisis, We Need to Live in a Less Material World.” Reuters. Accessed December 22, 2024. https://www.reuters.com/sustainability/climate-energy/comment-solve-climate-crisis-we-need-live-less-material-
world-2024-05-10/.
17 European Commission, Joint Research Centre. “Environmental Impacts Along the Supply Chain.” Raw Materials Information System. Accessed December 22, 2024. https://rmis.jrc.ec.europa.eu/environmental-impacts-along-the-supply-chain-
3dfccf.
18 World Economic Forum. “Sustainable Resource Consumption Is Urgent, Says UN.” World Economic Forum. Accessed December 22, 2024. https://www.weforum.org/stories/2024/03/sustainable-resource-consumption-urgent-un/.

These activities are significant drivers of environmental 
degradation, making it practically “impossible to stabilize the 
climate system and stop the further decline of many vital 
ecosystems”, as emphasized by the Global Resources Outlook 
2024 from the International Resource Panel.16 The extraction and 

Figure 3: Share of Global Impacts and Socio-Economic Between Resource Types

Figure 4: 
Global Material Extraction,

Four Main Material Categories

Figure 5:
Global Resource Productivity of Materials,

GHG Emissions, Energy and Labour

19 United Nations Environment Programme. “We’re Gobbling the Earth’s Resources at an Unsustainable Rate.” United Nations Environment Programme. Accessed December 22, 2024. https://www.unep.org/news-and-stories/story/were-
gobbling-earths-resources-unsustainable-rate/. 
20 International Resource Panel. Global Resources Outlook 2024: Summary for Policymakers. United Nations Environment Programme, March 2024. Accessed December 22, 2024. https://www.resourcepanel.org/sites/default/files/documents/
document/media/gro24_spm_1mar_final_for_web.pdf.
21 International Trade Administration. “Qatar - Oil and Gas Field Machinery and Equipment.” Trade.gov. Accessed December 22, 2024. https://www.trade.gov/country-commercial-guides/qatar-oil-gas-field-machinery-equipment.
22 Reuters. “Qatar Energy 2023 Profit Drops 32% as Gas Prices Cool.” Reuters, June 25, 2024. Accessed December 22, 2024. https://www.reuters.com/business/energy/qatar-energy-2023-profit-drops-32-gas-prices-cool-2024-06-25/.
23 Greentumble. “Environmental Impacts of Factories and How They Can Improve.” Greentumble. Accessed December 22, 2024. https://greentumble.com/environmental-impacts-of-factories-and-how-they-can-improve.

MANUFACTURING AND PRODUCTION
Manufacturing involves the transformation of raw materials into 
finished goods through interconnected processes that depend 
on machinery, human labor, and tools. Globally, the industrial 
sector is the largest contributor to GHG, accounting for 73.2% of 
energy-related emissions and 24% of total annual CO2 emissions, 
according to the Environmental Protection Agency.23 These 
figures underscore the urgent need to address the environmental 
challenges associated with manufacturing, given its outsized role 
in climate change and resource depletion.

Manufacturing emissions are generated across three distinct 
levels: process, machine, and system. At the process level, 
emissions are tied to the energy required for production, 
influenced by the material and machinery specifications. The 
machine level introduces emissions from auxiliary equipment, 
tools, and consumables. Finally, the system level aggregates 
emissions from the entire manufacturing lifecycle, including 
transport, material disposal, and production.24 This hierarchical 
structure highlights the multiplicative effect of inefficiencies 
at each level, making it critical to implement energy-efficient 
technologies and process innovations. Additionally, material 
selection is a significant factor; for example, recycled materials 
yield far lower carbon emissions compared to virgin materials, 
25 demonstrating the potential of circular economy principles to 
transform manufacturing’s carbon footprint.

Resource consumption adds another layer of complexity. 
Factories use 22% of global freshwater supplies, much of which is 
discharged as untreated wastewater, polluting aquatic ecosystems 
and threatening biodiversity. Industrial processes generate a 
significant portion of the 2 billion tons of waste produced globally 
each year, much of it ending up in landfills or oceans. Hazardous 
materials such as heavy metals, petroleum by-products, and 
industrial solvents will contaminate soil and disrupt ecosystems, 
killing beneficial microorganisms essential for agriculture and 

biodiversity.26 Addressing these issues requires integrating 
sustainable practices such as wastewater treatment, recycling 
programs, and environmentally responsible waste management 
into manufacturing operations.

Qatar’s manufacturing sector, a critical component of its economic 
diversification strategy, is a prime example of the need for 
balancing industrial growth with environmental sustainability. 
As part of Qatar National Vision (QNV) 2030, the country aims 
to reduce its dependency on hydrocarbons by establishing 
advanced manufacturing value chains and positioning itself as a 
major production hub. This strategy gained momentum as part 
of its self-sufficiency strategy, which spurred a 7% CAGR in the 
manufacturing sector compared to 3% previously.27  

In 2023, the number of registered factories in Qatar rose to 957, 
with 467 additional requests for capacity increases and production 
modifications, reflecting sustained industrial expansion.28 

Additionally, the Industrial Production Index (IPI) for Qatar reached 
108.7 points in January 2024, a 5.5% increase year-on-year, with 
manufacturing contributing 15.85% to the total index.29 While 
these developments signify economic resilience and progress, 
the corresponding rise in resource use and emissions presents 
significant sustainability challenges.

processing of raw materials contribute substantially to global 
environmental impacts, as illustrated in Figure 3, particularly for 
certain impact typologies.17  These trends underscore the critical 
role of procurement decisions in shaping the sustainability of 
supply chains through influencing environmental outcomes. 

Additionally, the rapid increase in global living standards has 
driven material extraction to unsustainable levels. Over the 
past 50 years, the consumption of biomass, fossil fuels, metals, 
and non-metallic minerals has tripled. This trend reflects a 
consistent annual growth rate of 2.3%, a pace that far exceeds 
the planet’s capacity for natural resource regeneration.18 By 2060, 

global material use is projected to double to 190 billion tonnes, 
further intensifying environmental pressures. This expansion in 
resource consumption is expected to result in a 43% increase in 
GHG emissions, exacerbating climate change and undermining 
international efforts to achieve carbon neutrality.19 Despite the 
significant growth in material extraction, productivity metrics 

reveal a concerning inefficiency. Material productivity, which 
measures the economic output generated per unit of resource 
used, has stagnated. This stagnation contrasts with the faster 
growth of GHG emissions, energy consumption, and labor 
productivity, highlighting a “material productivity gap” as shown 
in Figure 4 and 5. This gap indicates that while more resources 
are being extracted and consumed, the economic benefits 
derived from these materials are not increasing at a proportional 
rate. Such inefficiency suggests that current production and 
consumption patterns are both environmentally harmful and 
economically unsustainable in the long term.20 

Qatar’s economy is fundamentally reliant on the extraction and 
export of hydrocarbons, with natural gas and crude oil forming 
the backbone of its economic framework. The hydrocarbon sector 

accounted for approximately 37% of Qatar’s GDP in 2022, with 
liquefied natural gas (LNG), crude oil, and petroleum products 
generating the majority of government revenues. Qatar holds 
the third-largest natural gas reserves globally, representing 13% 
of the world’s proven reserves and ranking among the top 15 
oil-exporting nations.21 Additionally, Qatar plans to expand LNG 
production from 77 million metric tons per annum (mtpa) to 142 
mtpa by 2030, underscoring Qatar’s ambition to strengthen its 
role as an energy leader. 22 However, such an expansion entails 
increased extraction activities, which will intensify GHG emissions, 
resource depletion, and environmental pressures, particularly 
in a world striving to limit climate change. This association of 
economic growth with environmental degradation highlights 
the critical importance of embedding sustainability into Qatar’s 
procurement strategy within the supply chain operations.
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24 SpringerLink. “Sustainability in Manufacturing: A Comprehensive Framework for Advanced Manufacturing Processes.” The International Journal of Advanced Manufacturing Technology 116, no. 1 (2021): 80–100. Accessed December 22, 2024. 
https://link.springer.com/article/10.1007/s00170-021-07980-w.
25 United States Environmental Protection Agency. “WARM Version 14: Chapter 3—Energy Savings and Emissions Reductions.” EPA Archives. Accessed December 22, 2024. https://archive.epa.gov/epawaste/conserve/tools/warm/pdfs/chapter3.
pdf.
26 Greentumble. “Environmental Impacts of Factories and How They Can Improve.” Greentumble. Accessed December 22, 2024. https://greentumble.com/environmental-impacts-of-factories-and-how-they-can-improve.
27 Ministry of Commerce and Industry, Qatar. Qatar National Manufacturing Strategy: Publishable Version. Accessed December 22, 2024. https://www.moci.gov.qa/wp-content/uploads/2020/05/Qatar-National-Manufacturing-Strategy-
Publishable-version.pdf.
28 The Peninsula Qatar. “Qatar Industrial Sector Progress Report.” Accessed December 22, 2024. https://thepeninsulaqatar.com/pdf/20240327_1711493406-185.pdf.

29 Economy Middle East. “Qatar’s Industrial Production Index Rises 5.5% in January.” Economy Middle East. Accessed December 22, 2024. https://economymiddleeast.com/news/qatars-industrial-production-index-rises-5-5-percent-in-january/.
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WAREHOUSING AND LOGISTICS
Warehousing plays a critical role in supply chain management, 
serving as a link between production, procurement, and 
distribution. It encompasses a range of activities, including 
receiving, storing, and shipping materials, along with value-added 
processes such as inventory tracking, order processing, and 
packaging. Far from being mere storage facilities, warehouses 
ensure the efficient and uninterrupted flow of goods, making them 
indispensable to global supply chain operations. However, this 
central role comes with significant environmental consequences, 
which are increasingly under scrutiny in the push toward 
sustainability.

Globally, warehousing is estimated to contribute up to 11% of 
the logistics sector’s GHG emissions.30 This substantial share 
highlights the energy-intensive nature of warehousing operations, 
driven by activities such as lighting, heating, cooling, and 
machinery use. For example, heating and lighting alone account 
for 76% of the total energy consumption in warehouses, while 
cooling systems and ventilation add to the burden. Even non-
refrigerated warehouses often feature small refrigerated sections, 
which, along with gas-powered forklifts, further contribute to 
emissions.31

The environmental impact of warehousing extends beyond energy 
use. Packaging, a critical component of warehouse operations, 
is another significant contributor to environmental degradation. 
Packaging materials account for around 40% of the world’s plastic 
waste,32 with 141 million tons of plastic packaging generated 
annually.33 The situation is projected to worsen, with global plastic 
use expected to increase by 67% by 2040 and exceed one billion 
tonnes annually by 2052.34 Much of this packaging waste ends up 
in landfills, contributing to solid waste challenges and microplastic 
pollution. Such trends underscore the urgency of addressing 
packaging inefficiencies and implementing sustainable materials 
in warehousing operations within the supply chain to mitigate their 
environmental impact.

Logistics, as a system encompassing road, sea, air, and rail 
transportation, compounds emission challenges. Freight 
transportation alone contributes 8% of global GHG emissions, 
a figure that rises to 11% when warehousing and port activities 
are included. Road transport, the largest emitter, accounts for 
2,230 million tonnes of CO2 annually, followed by sea transport 
(657 million tonnes), rail (170 million tonnes), and air (155 
million tonnes).35 The environmental consequences are not 
limited to emissions. Shipping activities, for instance, generate 
marine pollution through oil spills, ballast water discharge, and 
wastewater, disrupting ecosystems and endangering biodiversity. 
Additionally, air and road freight operations contribute to air 
pollution and particulate matter, significantly affecting urban 
environments and public health.

The resource-intensive nature of logistics also poses sustainability 
challenges. Fossil fuel dependency remains a significant barrier, 
with nearly all freight transportation modes relying on oil and gas. 
Despite advancements in electric vehicle adoption, large-scale 
logistics operations, such as cargo airplanes and container ships, 
are far from decarbonization. The sector also consumes vast 
amounts of single-use materials, including packaging, pallets, and 
containers, many of which contribute to global waste streams.17

Without substantial interventions, freight emissions are projected 
to double by 2050, with freight potentially becoming the highest-
emitting sector globally.37 

In Qatar, the rapid expansion of the logistics market creates both 
opportunities and challenges. The Qatar Freight and Logistics 
Market is projected to grow from USD 9.5 billion in 2024 to USD 
13.49 billion by 2030, at a CAGR of 6.01%. The air freight segment 
is expected to grow at 6.6% CAGR during the same period, while 
non-temperature-controlled warehousing dominates the market, 
accounting for 89.49% of its value. However, temperature-
controlled warehousing, projected to grow at 6.95% CAGR,38  
underscores the increasing energy demands and environmental 
implications of the sector. 

Figure 6: Qatar Freight and Logistics Market Size
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As demand for global freight and warehousing intensifies, so 
do their environmental impacts, from emissions and pollution 
to resource consumption and waste generation. While these 
developments signal robust economic growth, they also highlight 
the urgent need for sustainable practices to mitigate the 
environmental costs of this expansion.

The interconnected impacts of procurement, resource extraction, 
manufacturing, warehousing, logistics, and Scope 3 emissions 
clearly highlight the urgent need for sustainable practices across 
the entire supply chain. Failure to act will exacerbate critical 

global challenges, including climate change, biodiversity loss, 
air and water pollution, and the mounting pressure on natural 
resources. As supply chains expand to meet growing global 
demand, the associated emissions and waste will only escalate, 
threatening ecosystems, human health, and long-term economic 
resilience. Immediate and coordinated action, through innovation, 
collaboration, and the adoption of cleaner technologies, can 
transform supply chain into drivers of sustainability, enabling 
industries to mitigate environmental impacts, meet climate 
targets, and build resilient, future-proof operations in a resource-
constrained world.

ECONOMIC DRIVERS AND THE BUSINESS CASE FOR SUSTAINABLE SUPPLY 
CHAINS

Sustainable Supply Chains have shifted from being merely an 
environmental responsibility to a critical economic necessity, 
driven by strong societal, regulatory, and market forces. 
Sustainable supply chain is no longer a peripheral consideration 
for businesses but have become a cornerstone of strategic 
business planning due to their multifaceted benefits and far-
reaching impact. Sustainable supply chain enables businesses 
to enhance productivity, improve product quality, comply with 
regulatory requirements, and strengthen brand recognition, while 
simultaneously achieving cost savings and fostering long-term 
competitiveness. These benefits underscore the growing business 
case for sustainable supply chain as organizations seek to align 
their operations with global sustainability goals and economic 
drivers.

Customer preferences are increasingly shaping the trajectory 
of sustainable supply chain. Consumers today are more aware 
of the environmental and social impacts of their purchases, 
creating a global demand for sustainable products. According to 
PwC, consumers are willing to pay a premium of up to 9.7% for 
sustainably sourced goods, a trend that signals a shift toward 
value-driven consumption.39 Over the past five years, there has 
been a 71% rise in online searches for sustainable goods globally, 
according to The Economist Intelligence Unit. Consumers are 
engaging with sustainable businesses in ways that they previously 
ignored. 

In Qatar, 55% consumers have reaffirmed their preparedness 
to incorporate more sustainable actions into their daily lives, 
green infrastructure, financial incentives, and a greater selection 
of affordable eco-friendly goods and services would assist in 
accelerating change.40 Aligning supply chains with sustainability 
principles enhances brand loyalty and business reputation while 
also creating a competitive advantage for businesses. Companies 
that fail to meet these expectations risk losing market share to 
competitors who integrate sustainability as a core offering.

Investor demand has also increased, with environmental, social, 
and governance (ESG) criteria playing an increasingly important 
role in investment choices. Demands and expectations from other 
stakeholders, such as shareholders and/or investors, motivate 
firms to pursue sustainability measures. Similarly, institutional 
pressure, such as that of banks, encourages organizations to 
address sustainability challenges produced by their activities, 
with the threat of credit reduction or suspension if they engage in 
unsustainable practices. 

A 2020 EY survey found that 98% of investors who assess ESG, as 
well as 72% of institutional investors, now conduct structured ESG 
performance reviews, compared to 32% in the previous survey two 
years ago, highlighting the growing importance of sustainability 
as a driver of financial performance.41 Investors view sustainable 
supply chains as a critical indicator of a company’s resilience, risk 
management capabilities, and alignment with long-term growth 
trends. Businesses that embed sustainability into their supply 
chains can attract responsible investment and strengthen their 
market positioning.

Regulatory compliance, government incentives, and risk 
mitigation are essential components of sustainable supply chain 
implementation. Carbon taxes, emissions targets, and green 
certifications are some of the strictest environmental restrictions 
and incentives being imposed by countries and international 
organizations. A study of 68 jurisdictions, representing 90% of 
global GDP, is implementing over 70 carbon pricing initiatives, 
3000 green taxes, and more than 2000 sustainability initiatives 
across three categories that fall within the impacts of supply 
chain, including those that encourage a reduction in natural 
resource consumption, those that encourage a switch to 
renewable or alternative energy sources, or those that encourage 
innovation of new low-carbon products and manufacturing 
processes.42  
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International agreements and frameworks serve as essential tools 
for achieving sustainable supply chains by providing measurable 
targets, regulations, and guidelines for industries to address their 
environmental impacts. The Paris Agreement, adopted under 
the United Nations Framework Convention on Climate Change 
(UNFCCC) in 2015, aims to limit global warming to below 2°C, 
ideally 1.5°C, above pre-industrial levels. To achieve these goals, 
countries commit to Nationally Determined Contributions (NDCs), 
setting national targets for GHG emissions reductions.49  The Global 
Stocktake, a central mechanism under the Paris Agreement, 
serves as a critical checkpoint held every five years to evaluate 
global progress toward achieving climate targets.50  

At COP28, nearly 200 participating Parties underscored the 
urgency of addressing climate change, emphasizing that global 
GHG emissions must be reduced by 43% by 2030 compared to 
2019 levels to maintain the 1.5°C warming threshold. This process 
highlights the growing scientific consensus that ambitious and 
transformative actions are essential, including tripling renewable 
energy capacity, doubling energy efficiency improvements, phasing 
down unabated coal power, and eliminating inefficient fossil fuel 
subsidies.51  

The outcomes of the Global Stocktake reinforce the necessity for 
businesses to take immediate action to decarbonize operations 
and value chains as they are responsible for a significant portion 
of global emissions, particularly Scope 3 emissions. The call 
to accelerate renewable energy adoption and improve energy 
efficiency directly impacts supply operations, as industries must 
transition away from fossil fuel dependence to remain aligned 
with global climate goals. For example, warehousing and logistics 

GLOBAL AND NATIONAL 
FRAMEWORKS FOR 
ADVANCING SUSTAINABLE 
SUPPLY CHAINS

The declining costs of renewable energy, with solar and wind 
prices falling by 13% and 9% respectively, making sustainable 
practices more affordable.43 Similarly, circular business models, 
which promote waste reduction, material reuse, and product 
longevity, provide significant cost savings by reducing trash 
disposal, landfill fees, and resource inefficiencies. The Ellen 
MacArthur Foundation reports that these models can save 
businesses up to 30% in production costs.44 Sustainable supply 
chain helps firms realize long-term financial rewards by lowering 
operational risks, increasing efficiency, and satisfying stakeholder 
expectations. 

According to the World Economic Forum, ethical supply 
chain strategies could increase revenue by up to 20%, save 
expenses by up to 16%, and increase brand value by up to 30%. 
Furthermore, high-performing ESG firms have showed 2.6 times 
larger shareholder returns, as reported by Accenture, making 
the argument for sustainable supply chain even stronger. 45 
These indicators show how sustainable supply chain elevates 
sustainability from a cost point to a strategic asset.

Qatar’s dedication to sustainable supply chain is demonstrated 
by its linkage with the QNV 2030 and NDS3, which combine 
environmental sustainability with economic diversification. The 
country has invested in cutting-edge infrastructure, such as 
Hamad Port, which was the first in the GCC to receive EcoPorts 
PERS certification, demonstrating global leadership in green 
operations with initiatives such as hybrid cranes, electric vehicles, 
and biodiversity conservation efforts, including mangrove 
restoration.46  Qatar Airways Cargo has pledged to achieve net-zero 
carbon emissions by 2050, pioneering sustainability in aviation 
with initiatives like as IATA CO2NNECT and voluntary carbon 
offsets.47 Free zones in Qatar use cutting-edge technology like as 
solar energy, recycled water for irrigation, and energy-efficient 
architecture,48 while circular economy strategies across the supply 
chain decreases waste and provides new revenue sources. 

36 Conseil National de l’Emballage. “Packaging Is Crucial for Product Logistics.” Accessed December 22, 2024. https://conseil-emballage.org/wp-content/uploads/2021/12/EN-PACKAGING%E2%80%A6-WFOR-Packaging-is-crucial-for-product-
logistics.pdf.
37 Massachusetts Institute of Technology. “Freight Transportation.” MIT Climate Portal. Accessed December 22, 2024. https://climate.mit.edu/explainers/freight-transportation/.
38 Mordor Intelligence. “Qatar Freight and Logistics Market - Growth, Trends, and Forecasts.” Accessed December 22, 2024. https://www.mordorintelligence.com/industry-reports/qatar-freight-logistics-market.
39 PwC. “PwC’s 2024 Voice of the Consumer Survey.” February 2024. https://www.pwc.com/gx/en/news-room/press-releases/2024/pwc-2024-voice-of-consumer-survey.html. Accessed December 22, 2024.
40 The Peninsula Qatar. “Qatar’s 55% Consumers Willing to Live More Sustainably: Report.” February 11, 2021. https://thepeninsulaqatar.com/article/11/02/2021/Qatar-s-55-consumers-willing-to-live-more-sustainably-Report. Accessed 
December 22, 2024.

41 EY (Ernst & Young). “Why ESG Performance Is Growing in Importance for Investors.” April 2024. https://www.ey.com/en_gl/insights/assurance/why-esg-performance-is-growing-in-importance-for-investors. Accessed December 22, 2024.
42 Ernst & Young. “EY Green Tax Tracker.” August 2024. https://www.ey.com/content/dam/ey-unified-site/ey-com/en-gl/services/tax/documents/ey-gl-green-tax-tracker-08-2024.pdf. Accessed December 22, 2024.
43 Team, Circular Economy Alliance. 2023. “Driving Operational Efficiency and Cost Reduction.” Circular Economy Alliance - Leading the Change by Being the Change: “We Educate the Pioneers of the Green Transition.” September 18, 2023. 
https://circulareconomyalliance.com/cea-blogs/driving-operational-efficiency-and-cost-reduction-unveiling-the-benefits-of-circular-business-models/.
44 Institute of Sustainability Studies. "What Is a Circular Supply Chain?" Institute of Sustainability Studies, September 5, 2023. Accessed December 22, 2024. https://instituteofsustainabilitystudies.com/insights/lexicon/what-is-a-circular-supply-
chain/.
45 Sphera. "The ROI of Sustainability: Exploring the Benefits for Business." Sphera, August 18, 2023. Accessed December 22, 2024. https://sphera.com/resources/blog/the-roi-of-sustainability-exploring-the-benefits-for-business/.

sectors, which rely heavily on energy for heating, cooling, and 
transportation, face mounting pressure to integrate low-carbon 
solutions, such as renewable energy systems and cleaner 
transportation technologies.

Closely linked to the Paris Agreement are the United Nations 
Sustainable Development Goals (SDGs), which offer a broader 
framework consisting of 17 global objectives aimed at addressing 
the world’s most pressing challenges with the overarching aim 
of achieving a more sustainable and equitable world by 2030. 
Several SDGs are particularly relevant to sustainable supply 
chains. Goal 7 focuses on ensuring universal access to affordable, 
reliable, and sustainable energy, with an emphasis on increasing 
renewable energy adoption, improving energy efficiency, and 
expanding global energy access. Building on this foundation, Goal 
9 aims to foster resilient infrastructure, promote sustainable 
industrialization, and encourage innovation to drive economic 
growth while minimizing environmental impacts. Complementing 
these objectives, Goal 11 seeks to make cities inclusive, safe, 
and sustainable by improving urban systems, enhancing waste 
management, and developing efficient transportation networks. 
Meanwhile, Goal 12 advocates for responsible consumption and 
production through better resource efficiency, waste reduction, 
and circular economy practices. Addressing the global climate 
crisis, Goal 13 calls for urgent action to reduce GHG emissions and 
strengthen resilience to climate impacts. Similarly, Goal 14 targets 
the conservation of marine ecosystems, tackling issues such as 
pollution and overfishing, while Goal 15 focuses on protecting 
terrestrial ecosystems, combating deforestation, and preserving 
biodiversity.52 
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Taken together, these SDGs highlight the critical influence of 
supply chains in achieving global sustainability. Supply Chain 
activities directly intersect with these goals, from reducing 
emissions and integrating renewable energy solutions to fostering 
sustainable industrial practices and innovative technologies. They 
also play a pivotal role in urban sustainability through efficient 
logistics and waste management and are essential in promoting 
responsible sourcing, minimizing environmental impacts, and 
reducing waste. Furthermore, supply chains are key to mitigating 
harm to marine and terrestrial ecosystems, addressing pollution, 
and ensuring sustainable resource use. Aligning supply chains 
with the SDGs enables businesses to reduce their environmental 
footprint, support global development objectives, and create 
resilient, sustainable operations.

Further reinforcing the urgency of sustainable practices, the 
Kigali Amendment to the Montreal Protocol focuses on reducing 
hydrofluorocarbons (HFCs), powerful GHGs used in refrigeration 
and cooling systems. The amendment seeks to phase down HFCs, 
which were initially introduced as replacements for ozone-
depleting substances but are now recognized as significant 
contributors to climate change. The amendment aims to reduce 
HFC use by more than 80% over the next 30 years, which could 
prevent up to 0.4°C of global warming by the end of the
century. 53 This amendment directly impacts warehousing and 
logistics operations, particularly in temperature-controlled 
facilities, which are significant consumers of cooling technologies. 
The UNEP underscores that phasing down HFCs and adopting 
energy-efficient cooling systems will mitigate emissions, 
while also enhancing the long-term efficiency of supply chain 
operations. 

46 Qatar News Agency. "Hamad Port Awarded EcoPorts PERS Certification." January 24, 2024. Accessed December 22, 2024. https://qna.org.qa/en/news/news-details?id=0067-hamad-port-awarded-ecoports-pers-
certification&date=24/01/2024/.
47 Qatar Airways Cargo. "Corporate Social Responsibility." Accessed December 22, 2024. https://www.qrcargo.com/s/company/corporate-social-responsibility.
48 Qatar Free Zones Authority. "Sustainability." Accessed December 22, 2024. https://qfz.gov.qa/why-qfz/sustainability/.
49 United Nations Framework Convention on Climate Change. The Paris Agreement. Accessed December 22, 2024. https://unfccc.int/process-and-meetings/the-paris-agreement.
50 United Nations Framework Convention on Climate Change. Why the Global Stocktake Is Important for Climate Action This Decade. Accessed December 22, 2024. https://unfccc.int/topics/global-stocktake/about-the-global-stocktake/why-the-
global-stocktake-is-important-for-climate-action-this-decade#What-does-the-global-stocktake-tell-us.

Qatar’s strategic investments in logistics and manufacturing are 
driving the advancement of sustainable supply chains, positioning 
the nation as a global hub for innovation and connectivity. World-
class infrastructure, including Qatar Airways Cargo, Hamad 
International Airport, and Hamad Port, enables efficient global 
trade while supporting sustainability goals. Initiatives such as 
transitioning 25% of the public bus fleet to electric vehicles and 
achieving the Guinness World Record for the largest electric 
bus depot highlight Qatar’s leadership in green mobility and 
transportation decarbonization. 

Additionally, Qatar’s focus on innovation further supports 
sustainable supply chain practices.54 The Qatar Research 
Development and Innovation Council (QRDI) fosters the 
development of advanced technologies, such as robotics, 
AI, 3D printing, and the Internet of Things, which enhance 
production efficiency, reduce resource use, and lower emissions. 
Furthermore, research hubs are advancing electric vehicle 
development, contributing to cleaner transportation solutions. 
With tailored incentives, including tax and energy support, 
Qatar is attracting investment in sectors like aerospace additive 
manufacturing, creating advanced value chains aligned with 
sustainability objectives. These efforts demonstrate Qatar’s 
commitment to integrating sustainability into supply chains, 
promoting economic growth, and driving environmental 
stewardship. 55   

51 United Nations Framework Convention on Climate Change. "COP28 Agreement Signals Beginning of the End of the Fossil Fuel Era." United Nations Framework Convention on Climate Change, November 30, 2024. Accessed December 22, 2024. 
https://unfccc.int/news/cop28-agreement-signals-beginning-of-the-end-of-the-fossil-fuel-era.
52 United Nations. "Sustainable Development Goals." United Nations. Accessed December 22, 2024. https://sdgs.un.org/goals.
53 United Nations Environment Programme. "About the Montreal Protocol." United Nations Environment Programme. Accessed December 22, 2024. https://www.unep.org/ozonaction/who-we-are/about-montreal-protocol/.
54 Invest Qatar. “Investment Opportunities in Qatar’s Logistics & Transportation Sector.” Investment Opportunities in Qatar’s Logistics & Transportation Sector. Accessed December 22, 2024. https://www.invest.qa/en/sectors-and-opportunities/
logistics-and-transport.
55 Invest Qatar. “Investment Opportunities in Qatar’s Manufacturing Sector.” Investment Opportunities in Qatar’s Manufacturing Sector. Accessed December 22, 2024. https://www.invest.qa/en/sectors-and-opportunities/manufacturing.

Traditional supply chains are under pressure from a wide 
range of challenges that interrupt operations, raise prices, and 
jeopardize sustainability goals. As organizations encounter 
obstacles including resource shortages, lack of visibility, rising 
transportation costs, communication failures, and complex 
demand forecasts, disruptions underscore the need for 
innovations in supply chain strategies. Each of these challenges 
has a substantial impact on operational efficiency, as well as 
environmental and social sustainability.

Material shortage is one of the most significant concerns facing 
supply chain operations. Raw material shortages, such as plastics, 
metals, and timber, can halt production and raise prices. Material 
shortages were regarded as the most significant supply chain 
disruption in 2023, with 61% of respondents in the Hubs Supply 
Chain Resilience report citing it as a significant concern.56 These 
shortages require organizations to either absorb increased prices 
or pass them on to customers, resulting in financial distress and 
the possibility of losing market share.

Another noteworthy problem is a lack of supply chain visibility. 
Many businesses struggle to trace the flow of supplies, 
components, and completed items across disjointed supply 
chains. This lack of visibility makes it harder to detect bottlenecks 
and rectify inefficiencies, which frequently results in delays and 
increased costs.57 Low visibility also makes it difficult for firms 
intending to accomplish sustainability goals to monitor and 
maintain compliance with ESG requirements.

CHALLENGES IN CURRENT 
SUPPLY CHAINS AND 
IMPLICATIONS FOR 
SUSTAINABILITY

Effective communication also remains an ongoing challenge for 
organizations with complex supply chains that include several 
internal and external stakeholders. Poor communication can result 
in inefficiencies, duplication, and missed opportunities to resolve 
future disruptions. Siloed processes inside a business, such as 
procurement and production, can result in redundant quality 
control efforts, wasting valuable time and resources. Externally, 
a lack of open communication with suppliers might lead to 
unanticipated shortages and delays.58 Improving communication 
throughout supply chains is critical for attaining sustainability 
goals as it allows for greater coordination, lowers inefficiencies, 
and ensures that sustainability commitments are carried out 
across the supply chain.

The cumulative impact of these challenges highlights the 
interconnectedness of operational efficiency and sustainability. 
Material scarcity pushes businesses to adopt circular practices, 
visibility gaps necessitate technology-driven transparency, 
and freight optimization aligns with climate goals. Improved 
communication and demand forecasting enhances profitability 
and reduces waste and environmental impact. As companies 
address these challenges, they must adopt a holistic approach 
that integrates sustainability into their supply chain strategies. By 
doing so, businesses can build resilient supply chains that meet 
both operational and environmental demands, creating long-term 
value for stakeholders and the planet alike.
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Decarbonization has emerged as an essential priority for 
organizations striving to achieve global climate targets and 
improve their competitiveness. The growing emphasis on 
decreasing carbon emissions extends across the supply chain, 
from raw material extraction to product consumption and 
disposal. This complete strategy to supply chain decarbonization 
entails identifying significant contributors of GHG emissions, 
adopting energy-efficient solutions, shifting to renewable energy, 
and encouraging collaboration with suppliers and stakeholders to 
achieve sustainable practices. 

During the QNDCC panel, Mr. Dragos Fundulea emphasized 
that a one-size-fits-all solution is not always necessary when 
implementing decarbonization strategies across the supply chain. 
Instead, he highlighted the importance of focusing on the right use 
cases tailored to specific industry needs and operational contexts. 
This approach allows organizations to target high-impact areas, 
such as reducing carbon emissions in logistics, transitioning 
to renewable energy in production, or improving resource 
efficiency in warehousing. Additionally, Mr. Fundulea stressed that 
organizational buy-in is critical for the success of these strategies, 
requiring alignment and commitment both internally, from 
leadership and employees, and externally, through partnerships 
with suppliers, customers, and stakeholders.

DECARBONIZATION ACROSS THE SUPPLY CHAIN

Green procurement is an instrumental approach for reducing 
carbon emissions and working towards sustainable supply chain. 
This method focuses the environmental effect of products and 
services, ensuring that procurement decisions lead to lower 
carbon emissions and healthier ecosystems. Green procurement 
tackles emissions holistically throughout the supply chain by 
focusing on materials, processes, life cycle considerations, 
supplier practices, and certifications, consequently driving 
systemic change.

One of the essential facets of green procurement is to select 
environmentally friendly materials and processes. This approach 
hinges primarily on products created from recycled materials, 
those that use less energy or water in production, and items that 
generate fewer waste materials. This cuts direct emissions, while 
also promoting circular economy, in which materials are reused 
and repurposed. For example, promoting the use of low-carbon 
concrete in construction and procuring recycled metals may 
significantly reduce embodied carbon.60 However, this necessitates 
close coordination between buyers and suppliers to assure the 
availability and scalability of such resources, emphasizing the 
necessity of supplier involvement in green procurement.

Life cycle analysis is another important component of green 
procurement, which involves assessing a product’s environmental 
impact across its entire lifecycle, from raw material extraction to 
final disposal or recycling. This strategy enables businesses to 
make informed purchase decisions by uncovering products and 
raw materials that cause the minimal amount of environmental 
damage. 61 For example, in green procurement, selecting suppliers 
that use sustainably obtained raw materials or supply recyclable 
packaging corresponds with life cycle thinking by decreasing 
waste and emissions during the product’s lifetime. However, 
implementing such strategies necessitates comprehensive 
supplier evaluation, upfront expenditures in sustainable 
purchasing, and supporting legislative frameworks, which can 
be especially difficult in places with less established green 
procurement requirements.

PROCUREMENT
Evaluating supplier behavior is also vital in green procurement 
and sourcing. Beyond evaluating the products, it is critical to 
examine the environmental practices of suppliers. Companies 
that use renewable energy, use energy-efficient procurement 
processes, or adhere to rigorous waste management standards 
contribute greatly to overall decarbonization goals. Supplier 
audits and alliances will assure alignment with sustainability 
goal. However, it is not without obstacles; smaller suppliers may 
lack the resources to meet stringent green criteria, necessitating 
support programs and financial incentives to bring them on board.

Globally, green procurement has become an integral part of 
national decarbonization strategies. The European Union’s Green 
Public Procurement (GPP) initiative is a prominent example, 
embedding environmental criteria into public purchasing decisions 
to drive demand for sustainable products.62 Similarly, Japan’s 
Green Purchasing Network and South Korea’s Green Procurement 
Act have set benchmarks for promoting energy-efficient 
appliances and sustainable infrastructure materials.63  64  These 
initiatives highlight how governments can use their purchasing 
power to create markets for sustainable goods, stimulate 
innovation, and encourage broader adoption of green practices 
across industries.

Qatar has made some progress in integrating green procurement 
principles into major projects and initiatives. For instance, 
green procurement was a cornerstone of the FIFA World Cup 
Qatar 2022™, aligning with the QNV 2030 and demonstrating 
the potential of sustainable sourcing at a global scale. The 
tournament organizers integrated the Sustainable Sourcing Code 
into procurement, licensing, and sponsorship processes to ensure 
adherence to ISO 20400 Sustainable Procurement guidelines. This 
comprehensive framework included pre-selection and evaluation 
of suppliers, contract negotiations, and post-award monitoring 
to address sustainability risks across various categories 
such as accommodation, transportation, venue signage, and 
merchandising. 65 
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TRANSFORMATIVE 
STRATEGIES FOR 
SUSTAINABLE SUPPLY 
CHAINS

As supply chains account for the majority of global GHG 
emissions, particularly through activities such as transportation, 
manufacturing, and resource extraction, they have become a 
focal point in the fight against climate change. Moreover, shifting 
from traditional linear models to circular supply chains offers 
the potential to minimize waste, conserve resources, and extend 
product lifecycles, aligning with the principles of a circular 

His insights illustrate that achieving effective decarbonization 
requires both targeted, adaptable strategies and collective 
engagement across the entire supply chain to drive meaningful 
progress toward sustainability goals.58 

The urgency of supply chain decarbonization stems from its 
potential to dramatically reduce global emissions, as supply chains 
account for the majority of firms’ carbon footprints. Strategies for 
decarbonization typically involve energy efficiency improvements, 
such as replacing equipment and improving processes to 
eliminate energy waste. These techniques reduce emissions while 
simultaneously improving operational efficiency and cost savings. 
Similarly, transitioning to renewable energy sources including 
solar, wind, and hydropower lessens reliance on fossil fuels, 
aligning companies with cleaner energy systems that are critical 
for combating climate change. Waste reduction programs, such 
as the promotion of circular economy concepts, further contribute 
by minimizing emissions associated with waste disposal and 
transportation while conserving valuable resources.

As the global community intensifies its focus on climate action, 
decarbonizing supply chains is not merely a responsibility but 
an opportunity to lead in sustainability innovation. Below are few 
decarbonization streams across key sectors of the supply chain 
that can collectively drive the transition to a low-carbon economy.
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economy. Collaboration across sectors is equally vital, as no 
single organization can tackle the complexities of sustainability 
alone. The following sections explore key approaches, including 
decarbonization strategies, circular supply chain models, and 
cross-sectoral collaboration that are revolutionizing supply chains 
and advancing global sustainability goals.
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Decarbonization in the industrial sector is critical to achieving 
global climate targets, as industrial processes are among the 
largest contributors to GHG emissions. A range of strategies can 
be employed to reduce emissions while maintaining or improving 
productivity, with energy efficiency, renewable energy, carbon 
capture and storage, process optimization, material efficiency, and 
waste heat recovery playing pivotal roles in this transformation.

Energy efficiency is a fundamental strategy for decarbonization in 
industrial facilities. Plants may cut their energy use dramatically 
by enhancing the efficiency of energy-consuming processes, 
decreasing carbon emissions. This can be accomplished by 
replacing old equipment, enhancing process control systems, 
and deploying energy-efficient technology. For example, Germany 
has been at the forefront of industrial energy efficiency, with 
efforts such as the “National Action Plan on Energy Efficiency” 
pushing firms to upgrade equipment and implement best 
practices.66 Similarly, Qatar has achieved accomplishments in 
energy efficiency in the industrial sector. The Ras Laffan Industrial 
City, which houses a substantial component of Qatar’s energy 
infrastructure, has incorporated innovative process controls and 
energy optimization technologies to boost the efficiency of its 
operations, lowering emissions while maintaining output. 67 

Waste heat recovery is a promising avenue for industrial 
decarbonization. Industrial processes often produce significant 
amounts of waste heat, which, if harnessed, can reduce primary 
fuel consumption and associated emissions. Recovered waste heat 
can be repurposed for industrial heating, district energy systems, 
or even electricity generation, offering both environmental and 
economic benefits. Globally, Germany has implemented waste 
heat recovery systems in industries like steel production, where 
the unused heat is captured and converted into electricity. For 
example, Siemens Metals Technologies developed an experimental 
plant in an electric steel plant in Germany, demonstrating that 
approximately 24% of the energy in off-gases can be recovered 
and used for electricity generation.68  In Qatar, industrial complexes 
in Ras Laffan have explored waste heat recovery technologies to 
enhance efficiency and reduce emissions. For example, the North 
Field East project incorporates waste heat recovery facilities to 
enhance energy efficiency, contributing to approximately 25% 
lower CO₂ emissions compared to similar LNG plants, showcasing 
the potential of such systems in emission-intensive sectors.69 

Another critical step is to incorporate renewable energy sources 
into industrial operations. Industrial facilities may significantly 
reduce their carbon footprints by substituting fossil fuels with 
renewable energy sources including solar, wind, and hydroelectric 
power. The German industrial sector, for example, benefits from 
a strong renewable energy infrastructure, notably wind and solar 
electricity. Companies are increasingly using on-site renewable 
energy solutions to satisfy operational requirements, such as solar 
arrays put in manufacturing plants.70 Initiatives in Qatar, such as 
the Al Kharsaah Solar Power Plant, demonstrate the potential of 
renewable energy to boost decarbonization efforts.71 Although 

Warehouses represent a significant opportunity for 
decarbonization within supply chains, serving as crucial nodes 
where energy efficiency, renewable energy adoption, and 
sustainable design can converge. By implementing energy-efficient 
technologies, optimizing Heating, Ventilation, and Air Conditioning 
(HVAC) systems, and incorporating renewable energy solutions, 
warehouses can drastically reduce their carbon footprints while 
achieving cost savings and operational efficiencies.

Energy-efficient lighting, particularly Light-Emitting Diode (LED) 
lighting systems, is a key approach for decarbonizing warehouses. 
LEDs use up to 75% less energy than conventional lights, 
substantially reducing consumption as well as operational costs. 
Additionally, LEDs have lifespans of more than 50,000 hours, which 
reduces maintenance requirements and generated waste from 
regular replacements. Moreover, advanced lighting systems with 
sensors and automation improve energy use by altering lighting 
based on occupancy and ambient conditions, resulting in a further 
20-30% decrease in energy consumption over standard 
systems. 76  LED lighting is becoming increasingly prominent 
in warehouse operations globally due to its energy efficiency 
and cost-effectiveness. In Germany, the LED lighting market is 
projected to grow at a CAGR of 5.55% between 2024 and 2030. 
Within this market, the industrial and warehouse sector has 
emerged as the largest segment for indoor lighting, accounting for 
61% of the overall market share, reflecting the significant adoption 
of LED technology in these facilities.77  

HVAC systems are another important area for decarbonization 
in warehouses, accounting for around 40% of overall energy 
use and 70% of landlord-related consumption. Decarbonizing 
HVAC systems is critical for meeting global climate objectives, 
and developments such as heat pump chillers and heat recovery 
systems provide feasible solutions. Heat pump chillers are 
efficient because they use renewable energy sources like solar 

Strategies such as fleet electrification, the adoption of sustainable 
aviation fuel (SAF), and advancements in renewable energy 
infrastructure provide substantial opportunities to reduce carbon 
footprints while ensuring efficient and sustainable logistics 
operations.

Fleet electrification is a revolutionary way to decarbonizing ground 
transportation in supply chains. Electric vehicles (EVs) have 
various advantages over traditional internal combustion engine 
(ICE) cars, including notably cheaper energy costs as well as 
reduced maintenance. EVs convert more than 77% of grid energy 
into driving power, whereas gasoline-powered vehicles have an 
energy efficiency of 12-30%. Their reduced mechanical systems 
remove the need for routine maintenance, such as oil changes, 
and preserve brake wear and tear via regenerative braking. 

MANUFACTURING WAREHOUSING

TRANSPORTATION 

these initiatives are primarily oriented at power generation, they 
have the potential to stimulate wider integration of renewable 
energy into industrial processes.

Carbon capture and storage (CCS) technologies have great 
potential for decarbonizing industrial activities. CCS involves 
trapping carbon dioxide emissions from operations and storing 
them underground to avoid their release into the atmosphere.72  
While still in its early stages, CCS is gaining worldwide traction. 
Pilot projects in Germany, such as those at the Heidelberg Cement 
Plant, illustrate the viability of using CCS to reduce industrial 
emissions.73 Qatar, with its extensive natural gas infrastructure, 
has also looked into CCS as part of its sustainability agenda. 
The Qatar Carbonates and Carbon Storage Research Centre 
(QCCSRC) exemplifies the country’s commitment to promoting CCS 
technology, with continuing research and pilot projects targeted at 
scaling up its use in industrial settings.74 

Process optimization is another effective approach for lowering 
industrial emissions. Redesigning processes, integrating modern 
technology, and reducing waste can result in considerable 
energy savings and carbon reductions. Companies may discover 
bottlenecks, waste areas, and inefficiencies by inspecting each 
stage of production, allowing for focused interventions that result 
in measurable environmental and financial advantages. 

Material use and lifecycle efficiency are also key factors in 
lowering industrial emissions. This includes employing less 
materials to make the same products, extending product lifespans, 
and improving usage rates while preserving the functionality of the 
product. Additive manufacturing, or 3D printing, is a new technique 
that improves material efficiency by allowing for precision 
manufacture with fewer resources needed for production, reduced 
inventory, and minimum waste. Germany has made significant 
investments in this technology, which is now being used to cut 
emissions and costs in industries such as transportation and 
aerospace. In the aerospace sector, the production of large-scale 
3D-printed parts have demonstrated potential cost and weight 
reductions of up to 30%, contributing to lower emissions and 
improved fuel efficiency.75 In Qatar, initiatives to include circular 
economy ideas are gaining hold, notably in industries such as 
construction, which are increasingly using recycled materials and 
resource-efficient designs.

or geothermal energy and can switch between heating and 
chilling depending on the season. Heat recovery chillers improve 
sustainability by recovering waste heat from the chilling process 
and producing hot water that may be reused for space heating or 
other purposes, therefore balancing increased energy
demands.78 Additionally, Rooftop Units (RTUs) with ultra-high-
efficiency models are another emerging solution, combining 
variable-speed compressors and heat pumps to replace traditional 
combustion-based heating, further reducing carbon emissions.79 

Building design and standards also play a pivotal role in 
decarbonizing warehouses. Certification frameworks like 
Leadership in Energy and Environmental Design (LEED) provide a 
baseline for constructing and retrofitting highly efficient buildings. 
These standards promote energy-efficient design, sustainable 
materials, and the integration of renewable energy technologies. 
During the QNDCC panel, Mr. Japhet Simon emphasized that 
sustainability in construction must be embedded from the outset, 
beginning with the design phase and continuing through value 
engineering. This approach ensures that decarbonization efforts 
are seamlessly integrated into building projects, gaining support 
from all stakeholders involved.80  Within the context of warehouse 
design and standards, this means incorporating energy-efficient 
features such as advanced insulation, optimized layouts, and 
renewable energy systems into initial designs. 

Value engineering, when applied with sustainability in mind, 
enables the selection of materials and technologies that reduce 
carbon footprints while maintaining cost-efficiency and operational 
effectiveness. Globally, there are nearly 7,200 LEED-certified 
and registered warehouse and distribution center projects, 
representing over 2.7 billion square feet of built space.81 Qatar has 
embraced green building standards, with several LEED-certified 
structures contributing to the country’s environmental goals.

Furthermore, EVs help to quieter and less polluting urban areas 
by emitting no tailpipe emissions and running smoothly without 
exhaust systems.

EVs are rapidly being used in supply chain logistics for a variety 
of purposes. Electric vans and trucks are utilized for last-mile 
delivery in cities, particularly in low-emission zones, where their 
efficiency and quiet operation are very beneficial. Long-haul 
electric trucks are emerging as feasible solutions for transporting 
big freight, despite constraints such as range restrictions and 
charging facilities. Globally, battery-electric 40-tonne tractor-
trailers entering service in 2021 have been demonstrated to 
lower emissions by 63% when compared to diesel vehicles, with 
potential reductions of 84% when renewable energy becomes the 
primary source for charging networks.82 
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As shown in the 2023 Global Electric Mobility Readiness Index 
(GEMRIX), figure 5, Qatar ranks ninth globally and leads among 
Emerging EV Markets, reflecting its significant progress in EV 
infrastructure, government readiness, and customer adoption. The 
GEMRIX chart highlights Qatar’s strong position in comparison 
to other countries, including its scores in macro factors, public 
charging availability, and TCO (total cost of ownership) and 
government regulation. 

This ranking demonstrates Qatar’s readiness to capitalize on 
the benefits of electrification in both private and public sectors.83 

Moreover, the Ministry of Transport (MoT) in Qatar is actively 
working to establish EV standards and expand infrastructure, with 
plans to install 600 EV chargers by 2025, a step that aligns with its 
comprehensive plan to reduce transportation emissions.84 

In the aviation sector, SAF has emerged as a key approach for 
decreasing emissions. SAF is made from renewable sources such 
spent cooking oil, agricultural wastes, and municipal garbage, 
which can lower total lifecycle emissions by up to 80% when 
compared to traditional jet fuel, making it one of the most effective 
solutions for decreasing aviation emissions. A truly net-zero 
SAF would achieve zero carbon intensity, representing a 100% 
reduction in CO2 emissions compared to fossil jet fuel. This can 
be achieved through power-to-liquid processes, or e-fuels, which 

Figure 7: Global Electric Mobility Readiness Index Rankings, 2023

Figure 8: Net Carbon Emissions Reduction Across SAF Pathways Compared to Fossil Jet Fuel
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utilize captured CO2 and hydrogen produced via water electrolysis 
powered entirely by renewable energy sources. In contrast, at 
the lower end of the spectrum, SAF produced from corn-based 
alcohol-to-jet pathways may achieve only a 30% reduction in CO2 
emissions, as the carbon impact of producing the necessary inputs 
is taken into account. Although variations exist due to differences 
in carbon accounting methodologies and the specific feedstocks 
used in each SAF production pathway, the ranges below 
illustrate the general CO2 reduction potential of SAF compared to 
conventional fossil jet fuel.85

Moreover, SAF’s compatibility as a drop-in fuel that blends 
seamlessly with conventional jet fuel allows for its immediate 
integration into existing aviation infrastructure, including current 
aircraft engines. This makes SAF an actionable and scalable 
solution in the near term, despite challenges related to production 
costs and feedstock availability.86  

The potential of SAF to reduce carbon emissions varies across 
different production pathways, as shown in Figure 8. E-fuels, 
which leverage renewable electricity and captured CO2, offer 
a modest reduction of 0-10% in net carbon emissions relative 
to fossil jet fuel. Wastes, including municipal and agricultural 
residues, enable reductions of 10-30%. Oils derived from used 
cooking oils or other non-food sources can achieve reductions 
between 20-50%. Finally, SAF derived from crops, such as oilseeds 
and sugarcane, provides the highest reduction potential, ranging 

Unlike the standard linear supply chain, which moves resources 
in a straight path from extraction to disposal, circular supply 
networks are closed-loop systems that are built on the notion of 
returning used materials and goods to producers for recycling, 
remanufacturing, or repurposing. This strategy reduces waste 
throughout the manufacturing and post-consumption stages, 
lowering the environmental impact of landfills and resource 
extraction. For example, items that might otherwise go to trash are 

CIRCULAR SUPPLY CHAIN MODELS
gathered and reintegrated into the supply chain, conserving their 
value and decreasing dependency on scarce natural resources. 
This shift results in environmental benefits as it reduces GHG 
emissions, protects habitats, and enhances resource efficiency. 
The following diagram illustrates the linear supply chain, where 
resources such as bagasse are extracted, processed into 
products, and ultimately discarded, leading to inefficiencies and 
environmental strain.

from 20-70% compared to conventional jet fuel. This variability 
underscores the importance of advancing diverse SAF production 
technologies to meet sustainability goals.

Qatar Airways has partnered with Shell to procure 3,000 metric 
tonnes of neat SAF at Amsterdam Schiphol Airport, with at least a 
5% SAF blend for the fiscal year 2023-2024. This initiative is part 
of the One World Alliance’s goal of using SAF for 10% of combined 
fuel volumes by 2030, underscoring the role of SAF in advancing 
global aviation decarbonization.87 

Innovative developments in SAF production methods further 
enhance its potential for widespread adoption. Power-to-liquid 
e-fuels, which combine green hydrogen with carbon dioxide 
captured from the atmosphere, offer up to 90% reductions in well-
to-wheel emissions.88



SUSTAINABLE SUPPLY CHAINS SUSTAINABLE SUPPLY CHAINS

26 27

potential of partnerships between government entities, private 
sector players, and innovation hubs to provide sustainability-linked 
loans and foster the development of cutting-edge
solutions.96 By aligning financial incentives with sustainability 
goals, these collaborative efforts can empower innovators 
to experiment while ensuring their projects contribute to 
environmental objectives.

Pre-competitive partnerships are one of the most effective forms 
of collaboration, in which organizations from the same industry 
collaborate to address prevalent issues that do not directly 
influence competition. These collaborations allow businesses 
to co-invest in solutions that benefit whole industries, such 
as decreasing plastic pollution, improving labor conditions, or 
increasing resource efficiency.97 The SAI Platform, established by 
firms such as Danone, Nestlé, and Unilever, exhibits this strategy 
by combining worldwide efforts to enhance sustainable farming 
practices.98 Members of the platform enjoy economies of scale by 
pooling resources and expertise, therefore amplifying the effect of 
individual projects. 

During the QNDCC panel, Mr. Florian Schwarz highlighted that one 
of the key takeaways for driving sustainable supply chains is the 
pooling of resources across sectors. This approach underscores 
the power of cross-sectoral collaboration, where shared solutions, 
such as infrastructure, expertise, or technologies, can be leveraged 
to create efficiencies that benefit multiple industries.99 By 
integrating efforts and aligning sustainability objectives, industries 
can tackle common challenges, such as reducing emissions, 
optimizing resource use, and improving operational efficiency. 

Strategic data sharing is another critical component of cross-
sector collaboration. Companies collect vast amounts of supply 
chain data, but the fragmented nature of individual efforts often 
leads to inefficiencies and missed opportunities. Independent 
third-party entities can aggregate and analyze data across 
organizations, providing insights that drive collective action.100 

For example, shared data can identify regional trends in 
sustainability challenges, enabling targeted interventions that 
maximize impact while reducing redundancy.

In contrast, Figure 10 highlights the circular supply chain model, 
where materials follow a continuous loop of use, recovery, and 
regeneration. This strategy significantly reduces waste during 
both manufacturing and post-consumption stages, lowering the 
environmental impact of landfills and resource extraction. For 
example, items that might otherwise be discarded are gathered, 

Figure 9: Traditional Linear Supply Chain Model

Figure 10: Circular Supply Chain Model Incorporating Closed-Loop Principles

recycled, and reintegrated into the supply chain, conserving their 
value and reducing dependency on scarce natural resources. 
By integrating the 6Rs principles of reduce, reuse, recycle, 
remanufacture, recover, and redesign, the circular supply chain 
maximizes efficiency while protecting the environment.89

One of the fundamental strategies for circular supply chains is 
designing products for longevity. Products are engineered to have 
longer lifecycles, with consideration given to ease of disassembly, 
repair, or recycling. This approach ensures that products are 
reusable or recyclable and fosters innovation in material sourcing 
and design. This strategy reduces the demand for new production, 

Creating sustainable supply chains in today’s linked world 
necessitates coordinated efforts that exceed the capability of 
individual enterprises. Sustainability concerns, such as lowering 
carbon emissions, increasing transparency, and tackling 
socioeconomic disparities, tend to be vast and complicated for a 
single organization to manage. Cross-sector collaborations have 
evolved as a critical component for achieving system-wide change, 
combining the strengths of corporations, governments, NGOs, and 
other stakeholders to co-create solutions that promote sustainable 
supply chain.

The lack of transparency across large and dispersed networks 
presents a substantial barrier to supply chain sustainability. 
Companies frequently get materials and goods from hundreds 
of suppliers, many of whom work under informal or opaque 
methods. This intricacy makes it difficult to trace items from their 
source to the ultimate customer, impeding attempts to verify 
sustainable practices.94 Cross-sector collaborations help address 
this issue by fostering the development of innovative technologies 
and approaches for supply chain mapping, traceability, and 
accountability. For example, technologies co-developed and piloted 
by industry leaders and Non-Governmental Organizations (NGOs), 
has been deployed to provide transparent and immutable records 
of product journeys, empowering companies to monitor and 
improve sustainability across every link of their supply chain.95 

Achieving widespread adoption of sustainable practices often 
requires direct interaction with farmers, producers, and suppliers, 
who play crucial roles in the first mile of the supply chain. 
However, these stakeholders typically encounter obstacles such 
as limited resources, insufficient training, and competing requests 
from numerous customers. Cross-sector partnerships bring 
together a variety of players, including local governments, NGOs, 
and community groups, to offer stakeholders with access to long-
term inputs, resources, and information. 

During the QNDCC panel, Ms. Al-Anoud M. Al-Mosleh emphasized 
the importance of cross-sectoral collaboration in advancing 
sustainability, particularly through increased financial support 
for companies adopting green technologies. She highlighted the 

CROSS-SECTORAL COLLABORATION IN DRIVING SUSTAINABLE SUPPLY CHAIN

91 De Quadros, Larissa Scherrer. “Understanding Circular Supply Chain: Key Concepts & Benefits.” INDEED. May 27, 2024. https://www.indeed-innovation.com/the-mensch/circular-supply-chain/.
92 Circular Innovation Council. “From Waste to Worth: The Role of Product Life Extension in Mitigating Embodied Emissions.” October 11, 2023. https://circularinnovation.ca/circular-business-models-product-life-extension/.
93 Veolia. “The Circular Economy: What Is a Resource Recovery Model?” October 15, 2020. https://blog.veolianorthamerica.com/circular-economy-what-is-resource-recovery-model.
94 Casey, Tim Moore and Anna. “How Partnerships Can Build More Resilient and Sustainable Supply Chains.” Resonance Global. Resonance. June 21, 2022. https://www.resonanceglobal.com/blog/how-partnerships-build-more-resilient-and-
sustainable-supply-chains.

95 McDowell, Maghan. “How the Aura Blockchain Consortium convinced luxury competitors to collaborate.” Vogue Business, June 11, 2024. https://www.voguebusiness.com/story/technology/how-the-aura-blockchain-consortium-convinced-
luxury-competitors-to-collaborate/.
96 Al-Mosleh, Al-Anoud M. Remarks at the panel “Sustainable Supply Chains”. Qatar National Dialogue for Climate Change, Doha, Qatar, October 2nd, 2024.
97 Katelin Kennedy, Ceejay Girard. “Best Practices to Harness the Power of Pre-Competitive Collaboration for Sustainable Supply Chains.” Resonance Global. Resonance. September 15, 2022. https://www.resonanceglobal.com/blog/best-
practices-to-harness-the-power-of-pre-competitive-collaboration-for-sustainable-supply-chains.
98 SAI Platform. “Our Story — SAI Platform.” Accessed December 22, 2024. https://saiplatform.org/who-we-are/our-story/.

cutting embodied emissions, which are GHG emissions associated 
with extraction, production, and transportation of raw materials. 
According to the International Resource Panel, remanufacturing 
uses 80-98% fewer raw materials compared to traditional 
manufacturing, offering both environmental and economic 
advantages.90 

Another essential component of circular supply chains is the 
establishment of robust return systems. These systems enable the 
recovery of end-of-life products from consumers, ensuring that 
valuable materials are reintroduced into the supply chain rather 
than being discarded. Companies implement various methods to 

encourage returns, such as buy-back schemes, leasing models, 
and customer incentives.91 strategies create a steady supply 
of materials for recycling or remanufacturing while enhancing 
customer engagement and brand loyalty by aligning with 
sustainability values.

Remanufacturing and recycling are essential processes in circular 
supply chains. Remanufacturing restores used products to like-
new condition, whereas recycling breaks down components to 
create new items. When compared to typical production, both 
technologies use much less energy and emit significantly less 
CO2. For example, remanufacturing uses just 15% of the energy 
necessary to produce new items while reducing emissions by 
57-87%. These methods contribute to lowering waste production, 
retaining products from stepping into overloaded landfills and 
saving reducing waste by 70-90%.92 

Several business models promote the deployment of circular 
supply chains, each addressing a unique facet of sustainability. 
The “product life extension” concept, for example, emphasizes 
repairing, improving, and refurbishing items to increase their 
utility. This minimizes the demand for new manufacturing, 
preserving resources and lowering emissions. Similarly, the 
“resource recovery” concept stresses transforming trash into 
secondary raw materials, allowing for new applications of 
resources, and extracting greater value from them.93 These models 
are consistent with the circular economy’s overarching aims, 
which include lowering carbon emissions, waste, and costs while 
conserving the planet’s limited resources.
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THE ROLE OF INNOVATION 
AND TECHNOLOGIES IN 
ADVANCING SUPPLY CHAIN 
MANAGEMENT

Innovation and technology are at the forefront of transforming 
supply chains into sustainable and resilient networks, enabling 
businesses to navigate complex global challenges. The 
integration of advanced tools such as the internet of things, 
data analytics, and blockchain technology offers unparalleled 

The integration of the Internet of Things (IoT) into supply chains 
is fundamentally transforming the way businesses operate, 
making supply chains more transparent, efficient, and sustainable. 
By enabling real-time data collection, tracking, and analysis 
through interconnected sensors and devices, IoT addresses 
critical challenges in supply chain management, such as visibility, 
efficiency, inventory optimization, and risk mitigation. As the global 
economy increasingly prioritizes sustainability, the role of IoT in 
creating resilient and environmentally responsible supply chains 
cannot be overstated.

One of the contributions of IoT to sustainable supply chains is its 
ability to enhance visibility and traceability. IoT devices, such as 
RFID tags and sensors, provide real-time tracking of goods as 
they move through the supply chain. This tracking extends beyond 
location, capturing critical information about the condition of 
goods, such as temperature, humidity, and handling.101 This level 
of visibility improves operational efficiency and also supports 
sustainability by reducing waste and ensuring that resources are 
used responsibly.

In addition to inventory optimization, IoT significantly enhances 
demand forecasting. By analyzing real-time data from sensors, 
devices, and market inputs, IoT enables businesses to predict 
consumer demand more accurately. 

Big Data Analytics (BDA) is revolutionizing supply chain by 
enabling businesses to leverage vast amounts of data to enhance 
efficiency, reduce costs, and support sustainability goals. In 
the context of sustainable supply chain, BDA has become 
indispensable for its ability to integrate economic, social, and 
environmental considerations into operations. By employing 
advanced analytical techniques such as machine learning, 
regression analysis, and clustering, companies can uncover 
insights that drive data-informed decision-making, improve 
transparency, and optimize resource utilization.105 

One of the most impactful applications of BDA is demand 
forecasting, which is critical for balancing supply with fluctuating 
demand patterns. Through time-series forecasting and predictive 
analytics, businesses can analyze historical sales data, customer 
behaviors, and external factors like weather conditions to 
generate precise demand predictions. This capability reduces 
overproduction, minimizes waste, and ensures inventory is 
aligned with market needs. For example, companies using BDA 
for demand forecasting have achieved up to a 20% reduction in 
inventory holding costs, while improving forecast accuracy 
by 10%.106  While these efficiencies cut operational costs, they also 
contribute to sustainability by eliminating unnecessary resource 
use and production emissions.

The application of BDA extends beyond demand forecasting to 
optimizing transportation networks. By analyzing real-time data 
on traffic conditions, fuel prices, and delivery schedules, logistics 
providers can identify the most efficient routes for shipments, 
reducing fuel consumption and carbon emissions.107 

INTERNET OF THINGS

DATA ANALYTICS

This predictive capability allows companies to align production 
and distribution strategies with actual market needs, avoiding 
overproduction and minimizing resource waste. For instance, IoT 
data integrated with Enterprise Resource Plannin (ERP) systems 
provides decision-makers with the most accurate and up-to-
date information, ensuring that SC operations remain agile and 
responsive to changing consumer demands. 102

Another critical contribution of IoT to sustainable supply chains 
is its impact on transportation and logistics. IoT devices installed 
in vehicles monitor fuel consumption, driver behavior, and vehicle 
conditions, enabling businesses to optimize routes, reduce fuel 
costs, and enhance driver safety. These improvements directly 
contribute to reducing carbon emissions from transportation 
fleets, aligning with global efforts to combat climate change. 103 

The integration of IoT into supply chains also facilitates 
collaboration and data sharing among stakeholders, strengthening 
the overall supply chain ecosystem. Real-time data collected 
through IoT devices is aggregated and analyzed, providing 
actionable insights that improve decision-making at every level 
of the supply chain. This seamless exchange of data fosters 
collaboration among manufacturers, distributors, retailers, and 
logistics providers, ensuring that supply chain processes are 
efficient and aligned with sustainability objectives.

This capability is particularly critical for mitigating environmental 
impacts while maintaining service levels. For instance, companies 
have used predictive analytics to anticipate customer availability 
for parcel deliveries, minimizing failed delivery attempts and 
enhancing customer satisfaction. Such strategies reflect the dual 
benefits of improved operational performance and environmental 
responsibility.

BDA plays a crucial role in advancing circular economy initiatives 
through its applications in reverse logistics. By tracking the return 
of goods for recycling, refurbishing, or reuse, BDA addresses 
uncertainties such as return rates and recycling efficiency. This 
contributes to reducing waste and conserving resources by 
reintegrating materials into the production cycle. In addition, BDA 
enables resource optimization by identifying inefficiencies and 
implementing strategies to reduce waste and energy consumption. 
For instance, in manufacturing, companies use BDA to schedule 
energy-intensive production runs during periods of low electricity 
prices, reducing both costs and emissions.108

Qatar’s logistics sector uses data analytics to optimize port 
operations, reducing congestion and emissions. Predictive 
analytics is also being employed to improve inventory 
management and streamline supply chain processes in the 
country’s growing e-commerce sector. In the energy industry, BDA 
helps optimize the transportation of LNG by analyzing shipping 
routes, weather conditions, and fuel consumption patterns, 
reflecting Qatar’s commitment to leveraging digital technologies 
for sustainable economic development.109 

Qatar is rapidly advancing its adoption of IoT technologies 
within the context of supply chain innovation, driven by strategic 
initiatives and government-led programs. The MOT has 
established Tasmu Digital Valley, an innovation hub designed to 
foster collaboration among startups, researchers, multinational 
corporations, and other stakeholders to achieve the goals of the 
Smart Qatar program. IoT plays a central role, accounting for 
40% of the use cases within Tasmu’s Smart Qatar initiatives, 
highlighting its significance in transforming various sectors, 
including supply chains. 

The Qatar Mobility Innovations Center (QMIC), a pioneering 
institution focused on smart mobility, has also been instrumental 
in developing IoT solutions. QMIC’s “Labeeb IoT” platform leverages 
locally engineered technologies to address regional challenges 
while supporting large-scale projects within Qatar and the broader 
region. QMIC’s IoT applications span multiple verticals, including 
logistics, road safety, and intelligent transport, enabling real-time 
data-driven decision-making and improved operational
efficiency. 104 By collaborating with global and national market 
players, QMIC is creating a robust innovation ecosystem, aligning 
IoT-driven supply chain advancements with Qatar’s vision for a 
sustainable and digitally connected economy.

opportunities to enhance visibility, optimize resource utilization, 
and ensure accountability across supply chain operations. These 
technologies address critical issues such as inefficiencies, waste, 
and emissions, empowering companies to adopt proactive and 
informed decision-making strategies. 
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As global focus intensifies on sustainability, businesses are under 
increasing pressure to integrate sustainable practices into their 
supply chains. However, transitioning to sustainable supply chains 
is a complex and multifaceted process, requiring significant 
structural, operational, and cultural changes. While the benefits 
of sustainability, such as regulatory compliance, enhanced brand 

CHALLENGES AND 
OPPORTUNITIES IN 
ACHIEVING SUSTAINABLE 
SUPPLY CHAINS
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Blockchain technology is transforming supply chain by addressing 
critical challenges associated with transparency, traceability, and 
efficiency, making it a cornerstone for driving sustainable supply 
chains. Its unique ability to create a decentralized, tamper-proof 
digital ledger provides the tools necessary to embed sustainability 
at every level of the supply chain. This is particularly significant 
in today’s global economy, where consumers, regulators, and 
businesses are increasingly prioritizing ESG standards.

The primary benefit of blockchain in sustainable supply chains lies 
in its enhanced traceability. Blockchain records every transaction 
immutably, enabling companies to track products from their 
origin to their final destination with unparalleled accuracy.110 This 
is vital for ensuring ethical sourcing and reducing environmental 
impact. Bockchain helps verify that raw materials are sustainably 
sourced. This level of traceability ensures that companies meet 
their sustainability commitments while fostering consumer trust 
by providing transparent and verifiable information.
Transparency is another critical advantage of blockchain that 
directly supports sustainable supply chains. By capturing key 
data points such as certifications, carbon footprints, and material 
origins, blockchain allows all stakeholders to access accurate and 
real-time information.111 This openness is particularly valuable in 
industries with complex networks, where verifying compliance 
with sustainability standards can be challenging. 

Blockchain also promotes sustainability by improving operational 
efficiency and reducing resource waste. Automation of 
processes such as inventory tracking, payment settlements, 
and logistics coordination eliminates redundant paperwork 

and minimizes errors, resulting in significant cost savings and 
reduced environmental impact.112 This contributes to lower GHG 
emissions and aligns with global efforts to combat climate change. 
Additionally, by reducing inefficiencies in inventory management, 
blockchain helps companies avoid overproduction and excess 
waste, which are key contributors to environmental degradation.

In Qatar, the National Blockchain Blueprint emphasizes the 
transformative potential of blockchain technology in advancing 
sustainable supply chain practices. By providing a framework 
for pilot projects, the blueprint aims to integrate blockchain 
solutions that enhance sustainability while driving economic 
development. Qatari entities aim to utilize blockchain to enable 
product and shipment traceability, providing end-to-end visibility 
across operations. This transparency will allow stakeholders to 
monitor the sustainability of goods as they move through intercity 
and intracity networks, ensuring compliance with environmental 
standards while optimizing efficiency. Additionally, Qatar is 
exploring the use of blockchain in smart telecommunication 
services to optimize spectrum allocation between operators. This 
innovative application ensures that telecommunication networks 
function more efficiently, improving data flow and connectivity 
across industries. By facilitating seamless information exchange, 
blockchain enhances supply chain coordination, enabling real-time 
communication between stakeholders and reducing delays. These 
advancements directly support sustainable supply chain practices 
by streamlining operations and minimizing resource inefficiencies. 
Through such initiatives, Qatar is leveraging blockchain to drive 
economic development while fostering a more sustainable and 
resilient supply chain ecosystem.

BLOCKCHAINS 

reputation, and operational efficiencies, are well-documented, 
the path to achieving these outcomes is fraught with challenges. 
The following are the key challenges faced by organizations in 
implementing sustainable supply chains and their implications for 
achieving long-term sustainability goals:

COMPLEXITY IN SUPPLY CHAINS
Supply chains often involve an intricate network of 
suppliers, distributors, and partners across multiple tiers, 
making it challenging to achieve comprehensive oversight. 
Large multinational companies may source materials 
or components from thousands of suppliers operating 
in different regions, each with unique regulations and 
operational practices. Lower-tier suppliers, particularly in 
developing countries, frequently prioritize cost efficiency 
over sustainability due to limited regulatory enforcement.113 

This fragmentation makes it difficult to monitor 
environmental and ethical practices across the supply chain, 
leading to potential sustainability gaps and reputational risks 
for the company.

LACK OF SUPPLY CHAIN
TRANSPARENCY
A lack of visibility into the movement of goods, materials, 
and information across the supply chain hinders the ability 
to identify inefficiencies and unsustainable practices. 
For example, delays or disruptions in one part of the 
supply chain can cascade throughout the entire network, 
causing inefficiencies that increase waste and emissions. 
Transparency is critical for ensuring compliance with ESG 
standards, yet many businesses struggle to track materials 
from their origin to the final product.114 Without access to 
real-time data, decision-makers are unable to proactively 
address potential issues, resulting in missed opportunities to 
implement sustainable improvements.
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DYNAMIC REGULATORY 
ENVIRONMENT
The regulatory landscape for sustainability is continuously 
evolving, with different countries and regions implementing 
varying ESG standards and requirements. This lack of 
uniformity creates challenges for multinational companies, 
which must tailor their sustainability strategies to meet 
diverse regulatory frameworks. Frequent changes to 
policies and compliance criteria further complicate efforts 
to establish consistent sustainable supply chain practices.115 

Companies that fail to adapt risk non-compliance, financial 
penalties, and damage to their reputation, while those that 
comply must invest significant resources to align with 
continually amended regulations.

RESISTANCE TO CHANGE
Sustainability initiatives often face internal resistance from 
stakeholders who perceive them as costly or disruptive to 
existing processes. For example, transitioning to eco-friendly 
materials or adopting energy-efficient transportation routes 
may be seen as financially burdensome or operationally 
inconvenient. This resistance can stem from a lack of 
awareness of the long-term benefits of sustainability, 
fear of disrupting established workflows, or a belief that 
sustainability conflicts with profitability.116  

HIGH CAPITAL EXPENDITURE
REQUIREMENTS
Achieving sustainable supply chains often requires 
substantial investments in new technology stacks, 
infrastructure upgrades, and innovative processes 
aimed at reducing environmental impacts. For example, 
transitioning to renewable energy sources, installing IoT-
enabled monitoring systems, or retrofitting factories with 
energy-efficient equipment demands significant financial 
resources.117 While these investments can yield long-
term benefits, the initial costs are often a major barrier, 
particularly for smaller businesses with limited budgets. 

ACCESS TO GREEN FINANCING
The growing global emphasis on sustainability has led to an 
expansion of green financing options, including green bonds, 
sustainability-linked loans, and government incentives. 
Businesses implementing sustainable supply chains can 
tap into these financial instruments to fund initiatives 
such as renewable energy integration, waste reduction 
technologies, and circular economy programs. With Qatar’s 
focus on transitioning to a low-carbon economy, companies 
leveraging green financing can contribute to the country’s 
broader climate goals while benefiting from reduced 
borrowing costs and increased investment.

SUPPLY CHAIN RESILIENCE
Sustainability practices inherently enhance supply chain 
resilience by reducing dependency on finite resources, 
diversifying supplier networks, and mitigating risks 
associated with environmental and geopolitical disruptions. 
By adopting renewable energy sources, businesses can 
shield themselves from volatility in fossil fuel markets. 
Similarly, the use of advanced technologies like IoT 
and blockchain in sustainable supply chains enhances 
transparency and enables proactive risk management. 
These measures ensure continuity in operations and protect 
businesses from supply chain disruptions, such as those 
caused by extreme weather events, resource scarcity, 
or regulatory changes. Qatar, as a key player in global 
energy and logistics markets, is particularly vulnerable to 
supply chain disruptions. Incorporating renewable energy 
sources and advanced technologies into supply chain 
networks supports Qatar’s goals of reducing dependency 
on fossil fuels and fostering innovation. This resilience also 
strengthens Qatar’s position as a reliable trading partner in 
global markets.

CIRCULAR ECONOMYINTEGRATION
Embracing the principles of the circular economy presents 
a transformative opportunity for businesses to minimize 
waste and maximize resource efficiency. By designing supply 
chains that prioritize reuse, recycling, and remanufacturing, 
companies can reduce their reliance on virgin materials 
and lower their environmental footprint. Circular economy 
practices create closed-loop systems where materials and 
products are continuously cycled back into the supply chain, 
reducing waste and conserving resources. Qatar has already 
initiated waste management programs, such as those 
under the Qatar Environment and Energy Research Institute 
(QEERI), and integrating circular economy practices in supply 
chains would complement these initiatives. 

ENHANCED BRAND VALUE AND
COMPETITIVE ADVANTAGE
Consumers and stakeholders are increasingly prioritizing 
sustainability, rewarding businesses that demonstrate 
environmental and social responsibility. Implementing 
sustainable supply chains enhances brand value by aligning 
operations with consumer values, fostering trust, and 
building loyalty. Companies that embrace sustainability 
differentiate themselves in competitive markets, gaining an 
edge over peers that fail to adapt. Additionally, sustainable 
practices open doors to new market segments, such as 
environmentally conscious consumers or partners requiring 
green certifications. Enhanced brand value and competitive 
positioning help businesses secure long-term profitability 
and relevance in a rapidly evolving global landscape. 
Companies must weigh these costs against the potential 
risks of inaction, such as regulatory fines, reputational 
damage, and loss of competitive advantage.

PUBLIC-PRIVATE PARTNERSHIPS 
(PPPS)
Collaboration between governments and businesses through 
PPPs is a powerful catalyst for advancing sustainable 
supply chains. PPPs can provide critical infrastructure, 
regulatory support, and funding for sustainability initiatives. 
Governments can incentivize businesses to adopt green 
practices through subsidies, tax breaks, and grants, while 
businesses bring expertise, innovation, and operational 
capacity to implement these initiatives effectively. Through 
PPPs, the Qatari government can provide infrastructure, 
regulatory support, and incentives, while businesses 
contribute innovation and operational expertise. Qatar’s 
Public-Private Partnership Law, enacted in 2020, provides a 
framework for fostering collaboration, enabling businesses 
and the government to work together to implement 
sustainable supply chain practices that benefit the broader 
economy and society.

Yet, implementing sustainable supply chains presents numerous 
opportunities for businesses to enhance their financial, 
operational, and environmental outcomes. These opportunities are 
particularly relevant to Qatar, which is actively working toward 
achieving QNV 2030, focused on environmental sustainability, 
economic diversification, and social development. The following 
outlines the key opportunities in sustainable supply chains and 
their alignment with Qatar’s national priorities.
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CONCLUSION

The urgency of transitioning to sustainable supply chains has never been more evident in a world grappling with escalating 
environmental challenges and shifting economic dynamics. Supply chains, as vital drivers of global commerce, are also among the 
largest contributors to GHG emissions, resource depletion, and other ecological impacts. Recognizing the pivotal role of supply chains 
in addressing these issues, businesses and nations alike are embracing sustainability as a strategic priority. This transformation is 
not merely a response to regulatory pressures or consumer demand but a necessity for securing long-term operational resilience and 
competitive advantage.

As a logistics and energy powerhouse, Qatar has the infrastructure, resources, and ambition to embed sustainability into its supply chain 
operations. The country is making notable efforts toward decarbonization, circular economy practices, and technological innovation. By 
fostering collaboration across sectors, integrating advanced technologies, and leveraging green financing opportunities, Qatar can set a 
benchmark for how nations can balance economic growth with environmental responsibility.

However, the journey toward sustainable supply chains is not without challenges. Overcoming systemic complexity, addressing 
prohibitive costs, and navigating the dynamic regulatory landscape will require concerted efforts from governments, businesses, and 
stakeholders. Transparency, accountability, and resilience must form the foundation of this transformation, supported by innovative 
solutions and strategic partnerships.

Sustainable supply chains promise enhanced efficiency, reduced costs, and improved brand value, while aligning with global climate 
goals. By embracing sustainability, businesses not only mitigate risks but also unlock new avenues for growth and investment. For Qatar, 
this represents a chance to reinforce its global leadership, diversify its economy, and ensure long-term prosperity.

Sustainable supply chains are no longer an option but a necessity for addressing the interconnected challenges of environmental 
degradation, economic volatility, and societal expectations. The path forward demands bold action, innovative thinking, and unwavering 
commitment to building supply chains that are resilient, transparent, and environmentally responsible. By leading this transformation, 
Qatar exemplifies the possibility of aligning economic ambition with environmental stewardship, setting the stage for a sustainable and 
prosperous future.
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