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Abstract 

Supply chains have significant environmental impact due to use of resources and waste and emissions 
generation from processes of production and transport. This paper analyses correlation between market 
demand, inventory management and environmental influence of product deliveries in supply chain. 
Simulation experiments done in this paper assume periodic review inventory model with an (R, s, S) policy 
which is a standard for most of modern companies and high level of satisfying the market demand. Results 
imply that supply chains can optimize their operational decisions in order to contribute to greenhouse gas 
emissions reduction without jeopardizing the level of satisfying the market demand. 

Keywords: supply chain management, inventory, logistics, environmental influence, greenhouse gas 
emissions 

1. INTRODUCTION 

Supply chain management (SCM) is often defined as the process of planning, organizing and controlling the 
flow of material, finances, information and services from suppliers to the final user – customer. Supply 
chains include all activities associated with moving goods from the raw-materials stage through to the end 
user [1]: purchasing, inventory management, materials handling, manufacturing operations, warehousing and 
physical distribution. Each one of the three traditional stages in the supply chain – production, procurement 
and distribution can be composed of several facilities in different locations around the world [2].  

To be able to remain competitive on the global market, supply chains have to optimize opposite demands: 
maximize the ability to provide customers with demanded products in a timely manner while keeping total 
operating costs to a minimum. Inventories, defined as raw material or products kept for further usage or 
distribution, tie up company’s funds instead of investing it in production, development or research. 
Therefore, higher level of inventory represents a significant risk for supply chain, while on the other hand, 
level which is too low can result in not meeting the market demand, implying, on the longer period, negative 
financial consequences. At the same time, legislative regulations, competition on the market and increased 
customer awareness require taking into an account environmental influence of supply chain activities as well. 
Correlation of these opposite demands is shown in Figure 1. 

This paper analyses how market demand, inventory management and environmental impact of logistic 
activities related to product deliveries correlate in supply chain. 

2. ENVIRONMENTAL INFLUENCE OF SUPPLY CHAINS 

Supply chains have significant influence on the environment during their activities of transforming natural 
resources, raw materials and components into the finished products delivered to the end customers, as 
symbolically shown in Figure 2. Their negative impact can be reduced, among other strategies, by decreasing 
energy and resources consumption, generation of toxic waste and gas emissions. 

Traditional supply chain management focuses on minimising costs, increasing quality, reducing lead time 
and increasing service level. In modern management it has become clear that the best practices require also 
integration of environmental management with ongoing operations. Therefore, optimising supply chains is 
not only about being environment friendly, it is about good business sense and profits too.  



 

 

 

Figure 1 ‒ Satisfying opposite demands in supply chain inventory management 

The new concept - green supply chain management (GSCM) is driven mainly by the escalating deterioration 
of the environment, decreasing raw material resources and increasing levels of pollution and waste. Its aim is 
to integrate environmental thinking into SCM. Drivers for promoting this sustainable supply chain 
management can be internal or external. Internal drivers are: financial, internal business processes and 
drivers related to customers - increasing customer awareness, requirements and satisfaction. External drivers 
such as legislation, competition and environmental drivers have greater influence and importance. The 
drivers are not universal across different industries which means that the companies are also influenced by 
the industry that they operate in and sizes of companies that are included in supply chains [4, 5]. 

 

Figure 2 ‒ Environmental impact and resources use of supply chains [3] 

2.1 Environmental influence of transport activities 

Physical distributions of goods are among the main supply chain activities. Transportation has various 
impacts on the environment, primarily analysed by means of life cycle analysis (LCA). They were 
categorized by Borken [6]: 

- consumption of (energy) resources,  
- greenhouse effect,  
- land use,  
- depletion of the ozone layer,  
- acidification,  
- eutrophication,  
- toxic effects on ecosystems,  
- toxic effects on humans,  
- summer smog, 
- noise. 

Transportation of freight has impacts within all of these categories but only for some of them it is possible to 
make a comparison of individual transport services on a quantitative basis.  

Transport emission factors are influenced by various transport modes (road, inland waterway, rail, air), 
vehicle size, load, fuel used, share of empty trips etc. Road and air modes are environmentally the least 
efficient solutions but are in freight transport used for reliable and on time distributions. For comparison, 
CO2 emission of truck at 90 – 120 g/ton.km is nearly twice as that of inland shipping (at 40 – 70 g/ton-km) 
[7]. Although environmentally unfavourable solution, road freight transport is still the most used distribution 
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mode due to its high accessibility to every region, low costs and supply flexibility. Because of all mentioned, 
road freight transport will be taken into an account in simulation experiments in this paper.  

2.2 Legislative framework and trends 

Several EU targets have been set to reduce the environmental impacts of transport in Europe, including its 
greenhouse gas emissions (GHG). European transport system is mostly powered by fossil fuels and is 
responsible for almost one quarter of GHG in EU. Although EU made an initial commitment to reduce GHG 
emissions by 20% by the year 2020 in comparison with 1990, it was done without specifying the actual 
contributions from different sectors. While industrial, agriculture and waste management sectors managed to 
decrease their emissions, transport remains the only main sector in EU where GHG emissions are still rising, 
as shown on Figure 3. 

European Commission defines that by the year 2050 GHG emissions from transport will need to be at least 
60% lower than in 1990 and therefore drastically reduced in following time period. Despite some 
improvements in fuel efficiency, CO2 emissions from heavy-duty vehicles, which are being used for freight 
transport, rose by over 30% between 1990 and 2007 and still around 19% above 1990 levels mainly due to 
increase of road freight traffic.  

Current trends in CO2 emissions from heavy-duty vehicles (HDV), which are mainly used for freight 
transport, are unsustainable. Projections indicate that emissions from HDVs would increase by up to 10% 
between 2010 and 2030. Further action is therefore required to restrain emissions from HDVs and deliver the 
objective set out in the Commission’s 2016. One of the steps towards that goal is the proposal from European 
Commission that from 2019 lorry manufacturers will have to calculate the CO2 emissions and fuel 
consumption of new vehicles they produce for the EU market. This information will be declared for the 
registration of vehicles under the EU type-approval legislative framework. With this new monitoring and 
reporting scheme, the Commission will collect declared CO2 emissions and fuel consumption data via a 
monitoring and reporting system. The data will be made publicly available by the European Environment 
Agency. 

 

Figure 3 ‒ Greenhouse gas emissions, analysis by source sector, EU-28 [8] 

3. SIMULATION EXPERIMENTS OF SUPPLY CHAIN’S INVENTORY SYSTEM 

Simulation experiments done in this research simulated performance of periodic (R, s, S) review inventory 
system of one echelon in traditional supply chain. Single-echelon inventory control problems focus on 
determining the optimal level of inventory for an individual unit within the supply chain. Monitoring period 
is 25000 days with mean daily demand μ = 100. Simulation experiments in this paper are done by analysis of 
chaotic market demand without possibility to forecast future demands and with different variations of 
demand σ2 = 2, 12 or 12. Figure 4 shows variations of market demand for the period of first 500 days. 

Distribution of market demand is simulated as normal, independent and identically distributed. Simulation 
experiments were created and analysed by OptimInventory software for cases where fill rate of 99% with 
tolerance ±0.005% is required. OptimInventory is a software that simulates real - world inventory conditions. 



 

It offers in depth and multi-criteria analysis of several types of inventory systems allowing significant 
reductions in costs and simultaneously increasing customer satisfaction and fill rate on the market. [9]  

 
Figure 4 – Observed variations of market demand 

Variables on the supplier side of echelon are as follows: observed company and their supplier work every 
day in a week, minimal order quantity is 1 unit and inventory system is set up without back – logging.  

Optimal results of simulation experiments with minimal required level of inventories needed are shown in 
Table 1 and were analysed to understand how variance of chaotic market demand influence inventory levels. 
Additionally, different scenarios of product lead time (0, 1, 5, 10 days) and their influence on the number of 
deliveries and related environmental impacts were analysed. 

Table 1 - Results of simulation experiments in OptimInventory 

Variance of 
market demand

SD 2 SD 12 SD 22 

Lead time
[days]

0 1 5 10 0 1 5 10 0 1 5 10 

Reorder 
point, s

14 111 512 1075 57 163 593 1111 90 213 663 1160 

Order-up-to
level, S

109 297 1099 2169 112 317 1117 2111 129 344 1160 2162 

Fill rate (%) 99 

Average daily
stock size

59 100 301 592 63 119 324 572 80 146 365 620 

Number
of deliveries

24699 12495 4108 2124 24990 12467 4164 2272 24912 12402 4147 2255 

Total quantity 
delivered

2.4E+06 

Average
delivery size

100.2 198 602.5 1165.3 99 198.5 594.3 1089.8 99.3 199.5 596.8 1097.7 

Results of simulation experiments presented in Table 1 and Figure 5 show that deviations in market demand 
significantly influence inventory levels. With the increase of variance of market demand, inventory levels s 
(min) and S (max) rise for the same lead time conditions and with constant 99% fill rate.  
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Figure 5 ‒ Reorder point (s) levels and order-up-to (S) levels in relation to  
observed lead time and variation of demand 

Results presented in Figure 6 show that average daily stock size increases with longer lead time. This means 
that company has to invest more funds in inventory to keep the level of satisfying market demand on 
constant level for scenarios of longer lead time. Also, with longer lead time, number of deliveries decreases 
while average delivery size rises. From Figure 6 it is visible that significant oscillations in average daily 
stock size exist due to different variation of demand regardless of lead time. 

  

Figure 6 – Average daily stock size and total number of deliveries in relation to  
observed lead time and variation of demand 

4. ENVIRONMENTAL IMPACT OF PRODUCT DELIVERIES 

Calculations needed for analysis of environmental impact of freight transport due to product deliveries are 
conducted in compliance with the standard EN 16258: Methodology for calculation and declaration of 
energy consumption and GHG emissions of transport services.  

Every transport service creates direct GHG emissions. They depend on the type of vehicle, load, distance and 
amount of fuel used. But the production of power and fuels, the manufacture of vehicles, construction of 
streets and the maintenance of the transport network also use energy and cause indirect GHG emissions. 
Indirect emissions from the production of fuels play an important role when producing the carbon inventory 
for logistics services. The standard EN 16258 stipulates that indirect energy consumption and emissions from 
the energy processes must be taken into account. In this context the standard refers to well-to-tank (WTT) 
and well-to-wheels emissions (WTW) [10]. 

The environmental parameters covered in this paper are energy consumption, carbon dioxide (CO2), sum of 
all GHG emissions (measured as CO2 equivalents) and air pollutants, such as nitrogen oxides (NOx), sulphur 
dioxide (SO2), non-methane hydro carbons (NMHC) and particulate matter (PM). Production and 
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maintenance of vehicles, construction and maintenance of transport infrastructure and additional resource 
consumption such as administration buildings, stations etc. and are not included in calculations.  

Analysis is done for two products of different weights, disregarding the weight of their packaging or volume. 
It is done for road transport mode and 166 km long transport route between cities Zagreb and Rijeka. 
Information about number of deliveries and average delivery size are collected from the simulation 
experiments done by OptimInventory. Calculations are done with assumption that deliveries are organized 
with trucks of different maximum capacities (≤3.5t, 3.5-7.5t, 7.5-12t, 20-26t), chosen depending on the 
required weight capacity.  

4.1 Product 1 with 5kg weight  

First scenario of environmental impact calculations is done for deliveries of product of 5 kg weight. Results 
of simulation experiments are shown in Table 2. The results indicate that average delivery weight grows as 
lead time becomes longer. Related to this, required capacity of vehicles also changes. Total energy 
consumption (WTW) is lowest for scenario of 10 days lead time. Values of total GHG emissions as CO2e are 
also significantly lower for shipments with lead time of 10 days comparing to those of 0, 1 or 5 days for all 
three variances of market demand, as shown on Figure 6.  

Table 2 – Results of environmental impact calculations for product 1 

Variance of market 
demand SD 2 SD 12 SD 22 

Lead time 0 1 5 10 0 1 5 10 0 1 5 10 

Average delivery 
weight [t]

0.501 0.990 3.012 5.827 0.495 0.992 2.972 5.449 0.497 0.998 2.984 5.488 

Vehicle used ≤3.5t ≤3.5t ≤3.5t 3.5-7.5t ≤3.5t ≤3.5t ≤3.5t 3.5-7.5t ≤3.5t ≤3.5t ≤3.5t 3.5-7.5t

Load factor 14.3% 28.3% 86.1% 77.7% 14.1% 28.4% 84.9% 72.7% 14.2% 28.5% 85.3% 73.2% 

GHG emissions as CO2e 
(WTW) per delivery, [t]

0.04 0.08 0.23 0.23 0.04 0.08 0.23 0.21 0.04 0.08 0.23 0.21 

Energy consumption 
(WTW), [MJ]

531 1049 391 3146 524 1051 3148 2942 526 1057 3161 2963 

Total GHG emissions as 
CO2e, [t]

938.6 937.1 944.8 488.5 949.6 947.5 957.7 477.1 946.7 942.6 953.8 473.6 

Total energy consumption 
(WTW), [MJ]

1.3E+07 1.3E+07 1.3E+07 6.6E+06 1.3E+07 1.3E+07 1.3E+07 6.6E+06 1.3E+07 1.3E+07 1.3E+07 6.6E+06

Total GHG emissions as 
CO2e, [t]/[t of delivery]

0.076 0.076 0.076 0.039 0.077 0.077 0.077 0.039 0.077 0.076 0.077 0.038 

Total energy consumption 
(WTW), [MJ/kg of del.]

1.060 1.060 1.059 0.540 1.059 1.059 1.059 0.540 1.059 1.060 1.059 0.540 

 

Figure 6 ‒ Total GHG emissions as CO2e [t] for product 1 in relation to observed delivery time and variation 
of demand 
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4.2 Product 2 with 15kg weight  

Second scenario of environmental impact calculations is done for deliveries of product of 15 kg weight. 
Results of simulation experiments are shown in Table 3. 

Table 3 ‒ Results of environmental impact calculations for product 2 

Variance of market 
demand SD 2 SD 12 SD 22 

Lead time 0 1 5 10 0 1 5 10 0 1 5 10 

Average delivery 
weight [t] 1.503 2.970 9.037 17.480 1.485 2.977 8.915 16.347 1.490 2.993 8.952 16.465 

Vehicle used ≤3.5t ≤3.5t 7.5-12t 20-26t ≤3.5t ≤3.5t 7.5-12t 20-26t ≤3.5t ≤3.5t 7.5-12t 20-26t 

Load factor 42.9% 84.9% 75.3% 67.2% 42.4% 85.1% 74.3% 62.9% 42.6% 85.5% 74.6% 63.3% 

GHG emissions as CO2e 
(WTW) per delivery, [t] 0.11 0.23 0.28 0.28 0.11 0.23 0.28 0.26 0.11 0.23 0.28 0.26 

Energy consumption 
(WTW), [MJ] 1592 3147 3899 3847 1573 3154 3847 3598 1578 3170 3862 3624 

Total GHG emissions as 
CO2e, [t] 2716.9 2873.9 1150.2 594.7 2748.9 2867.4 1165.9 590.7 2740.3 2852.5 1161.2 586.3 

Total energy consumption 
(WTW), [MJ] 3.9E+07 3.9E+07 1.6E+07 8.1E+06 3.9E+07 3.9E+07 1.6E+07 8.1E+06 3.9E+07 3.9E+07 1.6E+07 8.1E+06

Total GHG emissions as 
CO2e, [t]/[t of delivery] 0.073 0.077 0.031 0.016 0.074 0.077 0.031 0.016 0.074 0.077 0.031 0.016 

Total energy consumption 
(WTW), [MJ/kg of del.] 1.060 1.060 0.431 0.220 1.059 1.060 0.432 0.220 1.059 1.059 0.431 0.220 

The results indicate that average delivery weight grows with longer lead time. For 10 days lead time 
scenarios, related to the least frequent deliveries, total energy consumption (WTW) has the lowest levels. 
Values of total GHG emissions as CO2e are lower for shipments with lead time of 5 and 10 days then of 
those for 0 or 1 day, for all three variances of market demand, as shown on Figure 7.  

 

Figure 7 ‒ Total GHG emissions as CO2e [t] for product 2 in relation to 
observed delivery time and variation of demand 

5. CONCLUSION 

Optimizing inventories has very important function in companies operating in supply chains. Its task is to 
fulfil opposite demands - enable satisfying highest possible level of marked demand from one side and 
keeping inventory and related costs at its optimum level on another. At the same time, negative 
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environmental impacts of supply chain activities should also be minimised. Research presented in this paper 
analysed correlation between market demand, inventory management and environmental influence of 
product deliveries. 

Results of the first part of the research showed influence that variance of chaotic market demand and lead 
time have on inventory levels with the constraint of keeping fill rate constant. It also showed the influences 
on the total amount of deliveries needed. The second part of the research analysed how these results affect 
environmental parameters - total energy consumption (WTW) and sum of all GHG emissions related to 
product deliveries. It is clear that delivery strategy can be optimized, for both product weights analysed, in 
order to contribute to GHG emissions reduction without jeopardizing the level of satisfying the market 
demand. 

For more realistic and environmental friendly decision-making, it would be beneficial to take into 
consideration other factors such as back-logging, number and variation of working days, minimum order 
quantity variations, inventory costs, reverse logistics as parameter of waste management etc.  
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