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ABSTRACT  
First, we describe the economic and environmental pressures on existing value chain models. It is clear that the 

economic and policy conditions under which extended supply chains emerged in the past quarter-century are changing 

rapidly as a result of climate, and that these trends may accelerate soon. In this light, the ongoing viability of current 

supply chain models can no longer be assumed.  

Second, we outline the distinct elements of the value chain model, to illustrate how climate change will impact all links in 

the value chain, from product development to assembly to distribution to end-of-life. The paper suggests that companies 

look at both the full lifecycle of their products and services, and individual elements of the value chain, to identify the 

opportunities for greatest impact.  

Third, we identify promising examples of innovative action that—in collaboration with others along the value chain—are 

beginning to tackle the monumental challenges we face.  

Finally, we raise questions about policy implications. Businesses face a parallel challenge of remaking their internal 

processes while engaging with public officials differently, to support the development of policy frameworks that can 

support the creation of value chains that will thrive and shape the low-carbon economy. 

The influence of long-term demand uncertainties is tabulated in a scenario approach. It is observed that decentralised 

SC configurations enable carbon emission reduction without deteriorating the economic SC performance. Furthermore, 

it is detected that a focused economic optimisation strongly amplifies negative environmental impacts of demand 

uncertainties. 

Keywords: carbon emission; decentralised SC; goal programming; low carbon supply chain management; new 

product introduction; supply chain configuration 
 

1. Introduction  
 

A broad sense has by now emerged that carbon emissions pose serious threat to the stability of our 

environment, and these changes will affect our environmental system by disrupting food and water supplies, 

submerging coastal wetlands, and causing severe weather patterns and species extinction. The global average 

temperature has been rising since the early 1930s, and has risen by more than 0.6 
0
C in the last 40 years alone, 

with an accompanying rise in global average sea levels and drop in Northern Hemisphere snow cover [1]. 

Decades of careful data collection, analysis and projections by groups of scientists and researchers around the 

world have confirmed that the world faces severe changes with an expected 3-5
0
C rise in global average 

temperature by the year 2100: 30-40% of the species could be affected, lots of people will have to face food 

and water shortages, and many densely populated areas of the world, including many parts of world, could 

face higher rates of morbidity and mortality from heat waves, floods and droughts. A whole blame has been 

given to the many greenhouse gases (GHGs) that are known to exhaust heat into the earth’s atmosphere and 

contribute to a rise in global temperature: firstly being carbon dioxide, methane, and nitrous oxide [2]. As 

measurements have shown, concentrations of GHGs in the earth’s atmosphere have been relatively stable over 

the last 10,000 years (at between 260 and 310 parts per million). However, in the last 150 years or so-since the 

beginning of industrial revolution-concentrations of carbon dioxide in the atmosphere have shot up by more 

than 28% (from less than 310 ppm to close to 410 ppm), and concentrations of methane have just doubled. 

Several large scale model projections have shown that a business-as-usual scenario, with no changes in our 

production methods and consumption habits, will lead to an imbalance in the ecosystem and damage the 

stability of our environment [3]. 



  
 

   

 

71 Vivek Gupta, Dr. Arvind Jayant  

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 3 

March 2017       

There is an obvious need for urgent action to change the way we consume the earth’s resources. Among the 

many approaches to mitigation and adaptation being considered, the processes for designing, sourcing, 

producing and distributing products in global markets play a central role, as these activities account for a bulk 

of the resources consumed and the environmental impact. For example, in the United States, industrial 

activities account for about a third of fossil fuel related carbon dioxide emissions; another 40% are accounted 

for by transportation (EPA, 2007). Evidently, design and management of supply chain activities are a primary 

factor in promoting environmental sustainability. In this paper, we review the current state of academic 

research in designing and managing sustainable supply chains, and provide a discussion of future directions 

and research opportunities in this rapidly evolving field. In Section 2, we provide a definition and description 

of Sustainable Supply Chain Management. In Section 3, we summarise and discuss existing classifications 

and reviews of research in this field, and describe how our perspective differs from those in the literature. 

Section 4 presents the bulk of recent research in this area that fits our integrative perspective, summarised 

under four broad categories: (i) 

Strategic considerations; (ii) Decisions at functional interfaces; (iii) Regulation and government policies; and 

(iv) Integrative models and decision support tools. We conclude in Section 5 with a discussion of some 

environmental initiatives in India and the relevance of sustainability discussions in the context of the Indian 

economy [4]. 

In the future, carbon removal solutions will play a critical role in corporate climate action strategies. However, 

without a clear and widely accepted accounting standard for cleaning up CO2 from the atmosphere, it is likely 

premature for companies to set and manage what can be thought of as "negative emissions" climate goals. 

While carbon removal might be a long game for corporations, there is a strong business case to be made for 

targeted near-term action around carbon removal, as evidenced by the corporate leaders who already have 

begun to emerge in this space. In particular, early movers on carbon removal will position themselves to: 

Capitalize on growth opportunities in emerging carbon-negative products and services. 

Find opportunities to improve supply chain efficiency: using CO2 as an asset rather than a costly waste. 

Gain insight into leading carbon removal solution providers to maximize the success of potential future 

partnerships and/or acquisitions in this space. 

Enhance their brand among employees and customers as sustainability leaders on the vanguard of climate 

action [5]. 

So what types of tactical initiatives can corporate sustainability offices engage in today to help spur the 

development of carbon removal solutions? Here are a few strategies for that can generate the greatest returns 

for companies today: 

1. Start assessing supply chain and market growth opportunities offered by carbon removal solutions 

Investigating how to incorporate carbon-negative products into relevant supply chains is a critical first step. 

A wide range of products that companies use in their supply chain can be carbon-negative, including materials 

used to build corporate offices, the fibers used to manufacture clothing and textiles, agricultural inputs for 

food production and the plastics used to build accessories for electronics (such as the "AirCarbon" phone 

cases that Sprint sells), to name just a few. 

Mapping organizational expertise to carbon removal opportunities is a good first step to becoming an effective 

first customer and/or solution provider for carbon removal solutions. 

2. Build internal capacities related to carbon removal through investments in 'pathway' approaches 

Many components of carbon removal systems can be used for related purposes that offer a smaller carbon 

sequestration benefit, but a potentially bigger financial upside in the near term. 

For example, direct air capture companies such as Climeworks are targeting greenhouses as early customers 

(PDF) — while lettuce grown with air-captured CO2 won’t sequester carbon, it can displace fossil fuels and 

give companies that support projects such as these key insights as the direct air capture field matures [6]. 

Smart investments in bioenergy, carbon capture use and storage (CCUS) and sustainable forestry and 

agriculture can position organizations to capitalize on related carbon removal opportunities as they emerge. 

3. Elevate the issue and find collaborators companies can gain real leverage in their early carbon removal 
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activities by increasing awareness and dialogue on the topic in corporate climate discussions. The business of 

carbon removal will have many non-rival aspects in the short-term, as all companies in the space will gain 

from efforts to create robust accounting standards, to address shared research questions, and to advocate for 

governments to create markets that enable carbon removal solutions to flourish. Early corporate carbon 

removal efforts can go much further and faster as part of broad coalitions, such as existing efforts such as the 

We Mean Business coalition and/or new partnerships with NGOs and academia [7]. 

While these early corporate initiatives into carbon removal won’t necessarily result in large-scale 

sequestration of CO2 from the atmosphere in the short run, they can provide invaluable experience and 

development efforts that pave the way for future carbon removal projects. 

 

LITERATURE REVIEW: 
 

Why carbon removal is the next frontier in corporate climate action 
 

An increasing number of large companies track and report their direct and indirect greenhouse gas (GHG) 

emissions — also known as Scope 1-3 GHG reporting. However, corporate climate action addressing Scope 

1-3 emissions will get us only part of the way to delivering on the Paris Agreement pledge of limiting global 

warming to below 2 degrees Celsius, let alone 1.5 C.Scientists are increasingly clear that we will need to go 

beyond reducing emissions and also deploy solutions capable of cleaning up the CO2 that remains in the 

atmosphereBecause time travel is not an option, we will need to develop what are known as "carbon removal" 

solutions that can clean up large volumes of CO2 from the atmosphere. A wide variety of carbon removal 

solutions have been proposed, ranging from basic tree planting and ecosystem restoration to high-tech devices 

that hoover up CO2 directly from the atmosphere, as shown in the figure below [8]. While carbon removal 

solutions face many commercialization hurdles, estimates show a very large technical scale potential for a 

portfolio of solutions if these challenges are tackled successfully.To fully incorporate carbon removal into 

corporate climate action strategies, corporate sustainability leaders will need to start developing a definition 

for "Scope 4" emissions that shows how much CO2 each company is responsible for cleaning up from the 

atmosphere.And they will need to get started on this task as soon as possible, as defining Scope 4 emissions in 

a clear and fair manner undoubtedly will be challenging. For example, leaders tackling Scope 4 emissions will 

need to grapple with issues such as: 

How much CO2 should we be aiming to remove in the first place, and by when? 
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Do we assign an individual company’s Scope 4 emissions responsibility by historic cumulative emissions, or 

by some other proportional metric such as revenue or current GHG emissions?How do we measure and verify 

action on Scope 4 emissions to ensure reliability, safety and ecological sustainability?How do we ensure extra 

action on Scope 4 emissions isn’t used as an excuse to slow down action on reducing Scope 1-3 

emissions?There are a number of emerging conversations in the corporate sustainability world where 

discussion of Scope 4 emissions naturally can fit. For example, companies such as Kaiser Permanente have 

pledged to have a net-negative footprint through the use of renewables and offsets by 2025, and Interface’s 

"climate take back" initiative aims to "bring carbon home and reverse climate change." Efforts such as these 

could serve as a launchpad for broader corporate engagement and coalitions of key stakeholders working to 

wrap their arms around carbon removal and the Scope 4 emission challenge [9]. 
 

MODEL FORMULATIONS 
 

In this research, we present a model of formulations that illustrate how carbon emissions considerations can be 

incorporated into operations management models. The models we formulate build on classic lot-sizing models 

for single and multiple firms [10]. Our choice of models is motivated by: 1) the widespread use of such 

models in practice, as they form the building blocks for many commercial supply chain planning applications; 

2) the availability of standard tools for solving such models; and 3) the ability of these models to 

accommodate many of the relevant concerns associated with carbon emissions, including different regulatory 

policies. 
 

A Single Firm with Strict Carbon Caps 
 

Consider the problem faced by a firm that must determine, over a specified planning horizon consisting of 

multiple periods with known demand, when and how much to order or when and how much to produce. In the 

absence of carbon emission considerations, the firm makes ordering decisions to minimize the sum of its fixed 

and variable ordering or production costs, inventory holding costs, and inventory shortage costs. Fixed 

ordering costs may correspond to transactions costs associated with placing an order with an outside supplier, 

such as transportation costs, or with initiating production internally, such as process setup costs. Variable 

costs may correspond to either unit purchasing or unit production costs. Inventory shortage costs are costs 

incurred if demand in one period cannot be fulfilled from inventory in that period, and can be in the form of 

either backorder costs or lost sales costs [11]. In the presence of carbon emission considerations, the firm must 

account for the emissions associated with various decisions regarding ordering, production, and inventory 

holding. In particular, there may be emissions associated with placing an order with an outside supplier (e.g., 

emissions due to transportation) or with initiating production (e.g., emissions due to process setup). There may 

also be variable emissions associated with each unit ordered or produced (e.g., emissions due to the handling 

or the production of each unit) and emissions associated with the storage of each unit held in inventory in each 

period. 
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Summary of the Main Opportunities for Decarbonization 
 

Based on the analysis which is shown in the individual Scorecards (pages 16-28), the relative significance of 

the thirteen supply chain decarbonization opportunities can be plotted, giving consideration to two factors: 

Emissions abatement potential on the x-axis: the normalised abatement potential that we have calculated, 

With respect to the maximum carbon emissions abatement potential from all the opportunities 

Feasibility on the y-axis: the indexed, qualitative value that has been placed on the opportunity, considering 

likely barriers to deployment, and the extent to which the potential to deploy is controlled by the various 

stakeholders in the supply chain [12]. 
 

These three opportunities also appear to offer a good balance between carbon abatement potential and 

the likely feasibility (or ease of implementation) in supply chains. 
 

1 - Clean Vehicle Technologies 

2 - Despeeding the Supply Chain 

3 - Enabling Low Carbon Sourcing: Agriculture 

4 - Optimised Networks 

5 - Energy Efficient Buildings 

6 - Packaging Design Initiatives 

7 - Enabling Low Carbon Sourcing: Manufacturing 

8 - Training and Communication 

9 - Modal Switches 

10 - Reverse Logistics / Recycling 

11 - Nearshoring 

12 - Increased Home Delivery 

13 - Reducing Congestion 

 
Summary of the Thirteen Opportunities 

  

Enabling Low Carbon Production: 

Through changes in agricultural sourcing 
 

A number of studies have shown that significant benefits can come from switching production to more carbon 

efficient sources. Raw materials represent a large part of the lifecycle carbon footprint of virtually all 

manufactured products [13].These studies have focused primarily on agriculture – for example, Cranfield 

University examined the impact of different sourcing locations for roses, while Lincoln University made a 

similar study for lamb Key contributors to emissions density are the intensity of agricultural systems and the 

efficiency of production, driving potential to reduce emissions through changed sourcing location 
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ANALYSIS 
 

We have analysed the high-level potential for emissions abatement from: 

 Indicative savings in energy consumption associated with primary production. 

 The analysis has been based on an assessment of past studies on the topic, then reapplied to calculated 

agricultural and energy emissions. 

 These have then been factored down to consider only the portion of production which is traded 

internationally – i.e. that which could be enabled by the logistics and transport sector in a more limit-

based environment [14]. 

Finally, the output has been adjusted to assess only the amount of trade which may be able to shift sourcing 

location 
 

KEY FINDINGS 
 

The ability to switch sourcing locations in agriculture is perceived to be considerably higher than for other 

primary production. 

Analysis of past studies showed that, in individual situations, the savings in agriculture can be significant – 

averaged across all studies, the typical potential abatement was 61% of As-Is emissions Conversely, a 

relatively low portion of primary production is traded globally, probably around 40% [15]. 

Overall, it was estimated that only approximately 10% of agricultural production could be shifted 
 

Enabling Low Carbon Production: 

Through changes in manufacturing sourcing 
 

OVERVIEW 
 

In lifecycle assessments, the contribution of manufacturing can be around 25% of total emissions, with energy 

consumption in the manufacturing phases playing a significant role.  

Reductions in manufacturing emissions are envisaged to come from two different sources in this analysis: 

 Achieving economies of scale in production. 

 Switching to lower carbon energy sources. 
 

ANALYSIS 
 

Based on the IPCC Fourth Synthesis Report emissions for manufacturing, we have assessed the potential 

abatement from: 

 Optimising manufacturing processes. 

 Selecting less carbon intensive energy sources. 

We have then adjusted these calculations to take into account: 

 Only the elements of manufactures which are traded globally. 

 The limitations of contractual terms and the likely available potential for relocation [16].  

This gives the maximum abatement potential that is reported in this scenario. 
 

KEY FINDINGS 
 

The carbon intensity of manufacturing changes significantly across geographies the carbon intensity of power 

generation also changes significantly with geographies: emissions intensity in China is around 175% that of 

the EU average carbon intensity. 

Reviewing a series of factory merger studies, the average cost saving through efficiency was around 11% – 

which we assessed as being broadly indicative of a CO2e emission reduction. 

Around 70% of total manufactures are traded internationally, creating theoretical potential for these volumes 

to be switched alternatives sources. 

We anticipate that difficulties in achieving change could come from the inertia effects of asset life, 

contractors‟ obligations and government policies [17]. 
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Reverse Logistics / Recycling 

OVERVIEW 
 

There is potential to address CO2e emissions through increases in the take-up of recycling and reverse 

logistics activities. 

These operations divert volume from waste, addressing landfill and incineration carbon emissions. 

They also reduce the resource requirement – and therefore associated carbon emissions – from raw material 

extraction and processing activities. 

For nearly all types of waste, recycling operations are more carbon efficient than virgin material procurement 

and waste disposal operations. 
 

ANALYSIS 
 

Given that the amount of waste recycled globally is highly variable by geography – for example ranging from 

10% to 60% just across the EU – there is a significant opportunity in some geography to promote the growth 

of recycling solutions. 

We have built a dataset which supports modelling of different recycling and reuse combinations for various 

waste streams [18]. 

This allows consideration of the impact of different: 

 Waste processing options, such as landfill compared to incineration. 

 Types of waste, for example metals, plastics, papers. 

 Recycling and reuse scenarios. 

We assessed the amount of carbon abatement achieved with current recycling rates then calculated the 

abatement potential which would result from all countries moving to best-in-class recycling rates 

This gives an assessment of the global potential from increased waste diversion. 
 

KEY FINDINGS 
 

Waste volumes grow in parallel to GDP, suggesting that the opportunities for emissions abatement and 

associated business revenues will both grow over time. 

Materials with the largest environmental benefit from recycling are aluminium, steel and other metals, along 

with some plastics and paper products [19]. 

Overall, the abatement potential from raising recycling rates globally to the best-in-class level is equivalent to 

around 84 mega-tonnes of CO2e per annum. 

Logistics and Transportation Providers 

We see three key responsibilities and opportunities for logistics and transport businesses: 

 Reduce emissions using internal solutions. 

 Encourage external shippers and buyers to change their behavior. 

 Actively engage policy makers. 

Our specific recommendations for the internal actions the logistics and transport sector can take are: 

Clean vehicles 

 Speed up the industry wide adoption of new technologies, fuels and associated processes by 

implementing where there is a positive business case. 

Optimise networks 

 Deploy network reviews of large „closed‟ networks to ensure efficient hierarchies and nodal 

structures. 

 Seek to integrate optimisationefforts across multiple networks, for example integrating own and 

customers‟ networks into one model [20]. 

Mode switches 

 Work on mode switches within own networks where possible, for example in the large „closed‟ 

networks operated by postal operators, parcel carriers and pallet networks. 
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Co-loading 

 Enable further collaboration between multiple shippers and/or between carriers to make greater use of 

co-loading opportunities. 

Green buildings 

 Encourage wider industry commitment to improve existing facilities through the retro-fitting of green 

technologies, via individual and/or sector-wide actions. 

 Work towards industry-wide commitments to boost investment into new building technologies. 

Training and employee engagement 

 Set budgets for sustainability training and engagement programmes across the organization. 

Recycling and waste management 

 Develop new offerings around recycling and waste management, working collaboratively with 

customers. 

Home delivery 

 Develop new home delivery offerings, working collaboratively with customers. 

Carbon offsetting 

 Develop carbon offsetting solutions for own operations and clients as part of a balance suite of 

business offerings. 
 

CONCLUSIONS 
 

Through this research, we have identified that legislative and commercial imperatives will continue to support 

the case for supply chain decarbonization. 

Legal and de facto standards, energy cost volatility and evolving consumer expectations created the 

circumstances for the logistics and transport sector‟s initial response – and make now the time to move 

towards more strategic responses. 

The types of responses required often transcend firms, sectors and geographical boundaries. Of the three top 

opportunities for supply chain decarbonization identified, two can only be achieved with a truly multi-sectoral 

response. The third, speeding up adoption rates of green vehicle technologies, would be greatly benefited by 

supporting action from policy makers to aid implementation. 

We have therefore recommended that threegroups (logistics and transport providers, shippers, policy makers) 

collaborate to achieve decarbonization. 
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