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Abstract: This study investigates life-cycle carbon emissions in fast-moving consumer goods 

(FMCG) supply chains, covering raw material procurement, packaging, transport, and retail distri-

bution. Data from 18 large FMCG brands show that packaging contributes 42% of total emissions, 

while long-distance logistics accounts for 28%. The study models three reduction scenarios-low-

carbon materials, route optimization, and shared distribution centers-and finds that a combined 

strategy can reduce end-to-end emissions by up to 31%. The results provide practical guidance for 

companies building greener supply chains. 
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1. Introduction 

Fast-moving consumer goods (FMCG) supply chains face increasing pressure to re-

duce carbon emissions across all stages, from raw material extraction to retail distribution. 

Global assessments show that supply chain activities account for a significant proportion 

of corporate carbon impacts, with freight transport, warehousing, and packaging identi-

fied as major contributors in many consumer goods categories [1,2]. Rapid product turn-

over and frequent packaging updates introduce additional complexity, as changes in ma-

terials, formats, and logistics requirements constantly alter emission profiles [3]. Recent 

sustainability research indicates that carbon reduction requires not only measurement but 

also structured operational improvement. Reviews of process-optimization frameworks 

show that integrating data-driven assessment with lean-based techniques can enhance 

process visibility, reduce material and operational waste, and support more sustainable 

production practices [4]. This perspective has important implications for FMCG supply 

chains: life-cycle carbon assessment should not remain a standalone accounting exercise 

but should inform practical decisions involving packaging design, logistics planning, and 

network configuration. 

Life-cycle assessment (LCA) has become a widely used method for evaluating envi-

ronmental impacts across raw materials, manufacturing, distribution, use, and end-of-life 

stages [5]. Recent LCA reviews in food and consumer goods consistently identify recur-

ring hotspots including processing energy, packaging materials, and cold-chain opera-

tions [6]. Packaging studies further show that material type, packaging weight, recycla-

bility, and end-of-life options strongly influence total emissions [7]. Research on reusable 

or alternative packaging systems highlights that real-world factors-such as return rates, 

cleaning needs, and additional transport cycles-must be considered when interpreting 
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LCA results [8]. Parallel developments in green supply chain management extend beyond 

factory-level actions to include sourcing, routing, distribution, and last-mile delivery [9]. 

Logistics studies show that route optimization, higher load efficiency, and modal shifts 

can significantly reduce emissions in FMCG distribution networks [10]. Comparative 

analyses of online and offline retail channels indicate that last-mile delivery, failed deliv-

eries, and returns markedly increase the carbon footprint of FMCG logistics [11]. Industry 

evidence also suggests that shared distribution centers and cooperative transport net-

works can reduce empty trips and improve truck utilization [12]. Despite rapid progress, 

key gaps remain. First, many LCA studies focus on packaging or logistics in isolation, 

making it difficult to understand upstream-downstream trade-offs, such as whether 

lighter packaging may increase product damage and additional transport requirements 

[13]. Second, numerous studies rely on generic databases or single-product analyses, 

which do not reflect the complexity of multi-brand FMCG supply chains [14]. Third, lo-

gistics research often evaluates routing or modal changes in regional scenarios rather than 

within brand-specific supply networks [15]. Fourth, very few studies integrate packaging 

and logistics interventions into a single life-cycle boundary, leaving uncertain how mate-

rial decisions, route improvements, and shared distribution centers jointly influence total 

emissions. 

This study examines life-cycle carbon emissions across four critical FMCG supply 

chain stages: raw material procurement, packaging, transport, and retail distribution, us-

ing measured and brand-specific data from 18 major FMCG companies. We identify the 

main emission hotspots and evaluate three targeted reduction scenarios: low-carbon pack-

aging materials, route optimization, and shared distribution centers. We then assess a 

combined scenario to analyze how these measures interact across the full life-cycle bound-

ary. By integrating multi-brand operational data and quantifying both individual and 

combined abatement strategies, this study provides practical and scalable evidence to 

support low-carbon supply-chain planning in the FMCG sector. 

2. Materials and Methods 

2.1. Sample and Study Area Description 

This study used data from 18 FMCG brands operating in Asia and Europe. The sam-

ple covered food, beverages, personal care, and household products to reflect different 

packaging types and transport patterns. Only products with complete records for raw 

materials, packaging weight, transport distance, and delivery frequency were included. 

Data were collected during normal business conditions over a 12-month period. All dis-

tances were based on actual shipment routes provided by the companies and their logis-

tics partners. The study area for each brand followed its main production and distribution 

regions. 

2.2. Experimental Design and Control Comparison 

A comparative life-cycle design was used to evaluate carbon emissions. The baseline 

represented each brand's current supply chain setup. Three alternative cases were created: 

low-carbon packaging materials, improved delivery routes, and shared distribution cen-

ters. All cases used the same sales volume, shipment size, and order frequency as the 

baseline. This approach ensured that any observed changes were caused by the interven-

tions rather than by unrelated variation in demand or production schedules. 

2.3. Measurement Methods and Quality Control 

Carbon emissions were calculated using CO₂e factors from national databases and 

widely used life-cycle datasets. Raw material emissions were based on material type and 

purchase records. Packaging emissions were calculated from material weight, production 

factors, and disposal options. Transport emissions were based on fuel use per kilometer 

and load factors reported by logistics partners. Retail distribution emissions were calcu-

lated from electricity use in storage and short-distance deliveries. To ensure data quality, 

all supplier data were checked against invoices or internal reports. Transport distances 



Journal of Sustainability, Policy, and Practice  Vol. 1, No. 4 (2025) 
 

 180  

were verified using GPS records. Entries with missing units or inconsistent values were 

corrected when possible or removed if the errors could not be resolved. 

2.4. Data Processing and Model Formulation 

All data were converted into carbon dioxide equivalent (CO₂e). Emissions for each 

stage i were calculated using: 
Ei=Ai×EFi 

where Ai is activity data (e.g., material weight or distance) and EFi  is the corre-

sponding emission factor. 

Total life-cycle emissions were calculated as: 

Etotal=∑Ei

4

i=1

 

representing the four stages of the supply chain. 

Scenario reductions were calculated using: 

Reduction Rate=
Ebaseline-Escenario

Ebaseline
 

All cases used the same system boundary to avoid double counting. 

2.5. Scenario Construction and Assumptions 

The low-carbon packaging case replaced current materials with lighter or recycled 

alternatives available on the market. The route improvement case used updated shipping 

paths supplied by transport partners while keeping delivery times unchanged. The shared 

distribution center case assumed joint warehousing among brands located in the same 

region, which reduced long-distance trips and empty returns. Demand, order size, and 

delivery frequency were kept constant across all cases. These assumptions allowed the 

study to isolate the carbon impact of the three interventions. 

3. Results and Discussion 

3.1. Contribution of Supply Chain Stages to Total Emissions 

Across the 18 FMCG brands analyzed in this study, most life-cycle emissions came 

from packaging production and long-distance freight transport. Packaging represented 

44% of total emissions, mainly due to plastics, paperboard, and aluminum components. 

Transport accounted for 27%, reflecting high fuel use on regional and international routes. 

Raw material extraction contributed 18%, while retail storage and last-mile delivery made 

up the remaining 11%. As shown in Figure 1, product categories with heavier or multi-

layer packaging-such as bottled beverages and premium personal care items-showed a 

higher packaging share. These findings agree with earlier LCA work showing that pack-

aging and transport are consistent emission "hot spots" in consumer goods supply chains 

[16]. However, unlike studies based on single products or limited case data, our results 

use multi-brand supply chain records covering full upstream and downstream activities. 

This broader dataset provides a more complete view of how packaging choices and 

transport routes influence total emissions across diverse FMCG categories. 
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Figure 1. Life-cycle carbon emissions from raw materials, packaging, transport, and retail stages. 

3.2. Effects of Individual and Combined Reduction Scenarios 

Across the three reduction scenarios tested in this study, each intervention lowered 

emissions but to different degrees. Low-carbon packaging materials reduced total life-cy-

cle emissions by 17%, mainly due to lower material production intensity. Route improve-

ment reduced emissions by 13%, largely through shorter travel distances and better truck 

loading. Shared distribution centers reduced emissions by 10%, primarily by reducing 

empty returns and overlapping trips. When all three measures were combined, end-to-

end emissions decreased by 31%. As shown in Figure 2, the combined case delivered gains 

that exceeded those of any single scenario. These findings are consistent with previous 

LCA studies showing that combining packaging and logistics measures produces larger 

reductions than treating each stage alone [17,18]. Unlike earlier research focused on one 

product type or one logistics setup, our results compare multiple brands with different 

packaging structures and geographic distributions [19]. This broader evidence shows that 

packaging design and logistics planning influence each other, and that coordinated inter-

ventions can yield larger and more stable reductions. 

 

Figure 2. Carbon emissions for the baseline and the three reduction cases in FMCG supply 

chains. 
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3.3. Variation Across Product Categories and Sensitivity Results 

The contribution of each supply chain stage differed among product categories. For 

beverage products with heavy or rigid containers, packaging accounted for more than 50% 

of total emissions. For light personal-care items with flexible packaging, long-distance 

transport became the main source of emissions. Sensitivity results showed that a 10% re-

duction in packaging weight produced larger emission savings than a similar reduction 

in retail storage energy. Transport-related emissions were most sensitive for brands with 

centralized production and long export distances. These patterns match findings from 

earlier studies showing that supply chain structure and packaging format strongly shape 

total emissions [20,21]. Our results extend previous work by presenting these differences 

for multiple brands under comparable system boundaries. By linking emission patterns 

to specific product and logistics features, the results highlight where companies can ex-

pect the strongest reduction effects. 

3.4. Comparison with Existing Research and Practical Implications 

Overall, the contributions of packaging, transport, and raw materials in this study 

align with earlier LCA research on food and consumer goods. Studies on packaging de-

sign have consistently shown that material selection and weight are major drivers of total 

emissions, while transport studies emphasize route design and load factors as key deter-

minants of climate impact [22]. Our results add new evidence by combining multi-brand 

data with modeled scenarios, showing how reductions accumulate across several stages 

of the supply chain. From a practical standpoint, FMCG companies may benefit from 

treating packaging and logistics choices as linked decisions. The combined scenario 

showed the largest and most stable reductions, suggesting that companies can achieve 

stronger results when material selection, transport planning, and shared facilities are con-

sidered together [23,24]. Some limitations should be noted. Several brands lacked com-

plete primary data for all suppliers, and some transport distances required correction. The 

study also excluded consumer use and detailed end-of-life behavior. Future research may 

extend the boundary to include these stages and evaluate the scenarios under varying 

recycling rates, market shifts, or carbon reporting rules. 

4. Conclusion 

This study examined life-cycle carbon emissions in FMCG supply chains using rec-

ords from 18 brands and assessed three practical emission-reduction cases. The results 

show that packaging and long-distance transport are the main sources of emissions, while 

raw materials and retail handling play smaller roles. Low-carbon packaging materials 

gave the largest single reduction, and route changes and shared distribution centers also 

lowered emissions. When all three measures were applied together, total emissions 

dropped by up to 31%. These findings give a clearer picture of how different parts of 

FMCG supply chains add to overall carbon output and show that changes in packaging 

and transport can work well when planned at the same time. The study extends existing 

work by using consistent data across several brands instead of relying on single-product 

estimates. Some limits remain, such as missing supplier data for a few products and the 

absence of consumer-use and end-of-life stages in the boundary. Future studies may in-

clude these stages, use more detailed transport and recycling data, and test how the 

measures work under different market conditions or policy rules. 
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