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Summary 

 

The aim of this study was to carry out a detailed analysis of the life cycle of plastic and 
steel materials used for the packaging of chemical products at Akzo Nobel, Stenungsund 
with emphasis on reuse and recycling, and suggest possible improvements to reduce 
environmental impact. 

Four types of packaging were selected for the study: 200 litres steel, plastic and 
composite drums and 1000 litres intermediate bulk container. The study was done from 
the cradle to the grave. 

Packaging is an important part in the demand - supply chain. It helps to bring the product 
to the foot step of the final customer. However, the energy and resources are consumed 
during it production and emissions from the production processes pollute the 
environment. 

Based on the study, a number of possible options to reduce environmental impact were 
proposed. 

In order to reduce the energy input, resource consumption and emissions, the reuse and 
recycling options should be adopted, and the collection and recycling processes should be 
made more efficient. 

The choice of packaging materials used for the storage and transportation of the products 
has to be made bearing the following question in mind: how easy can these materials be 
recycled? The packaging should be designed in order to facilitate recycling, i.e. materials 
should be easily separable or only one type of material should be used. 

With the current recycling rate worldwide the use of steel drums is a better option. With 
higher recycling rate the environmental effect of steel, plastic drums and intermediate 
bulk containers are almost the same and all three types of packaging can be used. 

Use of plastic drums is reasonable in the countries with good plastic recycling 
technology. Composite drums should be used as less as possible, i.e. only in cases where 
it is required by regulations. 
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Glossary of terms 
 

Combi drum – 200 liters composite drum, inner part of which is made of plastic (high 
density polyethylene-HDPE) and outer of steel. 

Environmental burden: Environmental interventions assessed with regard to their 
ecological hazard. 

HDPE – High Density Polyethylene. 

Functional unit: Quantified performance of a product system for use as a reference unit in 
a life cycle assessment study.  

IBC – Intermediate Bulk Container. 1000 liters plastic container on a metal or wooden 
pallet. 

LCA – Life Cycle Assessment, an objective process to evaluate environmental burdens 
associated with a product, process or activity by identifying energy and materials used 
and wastes released to the environment, and to evaluate and implement opportunities to 
affect environmental improvements. 

LCI – Life Cycle Inventory, a summary of data concerning environmental impacts 
throughout the life cycle. 

Packaging: Drums, barrels, je rricans, boxes, bags etc. Intermediate Bulk Containers 
(IBCs) are also considered as packaging. 

Plastic drum – 200 liters plastic drum made of HDPE.  

Recovery: Recovery of raw and other materials from wastes. 

Recycling: Reprocessing or upgrading of wastes to a quality that can be used in a 
secondary production of new material. 

Recycling rate: The recycling rate for a material can be defined as the overall percentage 
that is recycled, out of the total quantities of the waste material that are theoretically 
available in a specific geographical area or in some other specific system during a certain 
time. 

Raw material: Primary or secondary material that is used to produce a product. 

Scrap: Recovered material, either previously used in products that have been disposed of , 
or residual material from manufacturing process.  

Steel drum – 200 liters steel drum.  

System boundary: Interface between a product system and the environment or other 
product systems. 
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1. Introduction 

 

 

“Recycling is crucial in achieving a global sustainable 
development through saving growing amount of primary 
materials and, therefore, conserving the natural resources 
that are becoming scarce in the world.” 

Recycling Forum 2000 

 

Packaging of materials, goods and products is an essential feature in the demand-supply 
chain. It has both beneficial and harmful effect to the environment. Packaging protects 
goods from contamination during transportation and storage. However, during production 
of packaging, natural resources are depleted and energy is required. The emissions from 
the packaging production processes pollute the environment. 

As the world is turning into a more sustainable society, it has become imperative for both 
policy makers and the public in general to clamour for new solutions to handling of 
packaging as its environmental impact outweigh the beneficial effect. 

The debate has motivated Azko Nobel Surface Chemistry at Stenungsund, Sweden to 
carry out a Life Cycle Assessment (LCA) of steel and plastic packaging used at the site in 
order to evaluate the potential environmental effects of these materials over the entire life 
cycle with emphasis on reuse and recycling. 

The aim of this thesis is to compare different types of packaging and answer the 
following questions: 

1. Which packaging has less environmental impact? 

2. What happen to the packaging after delivery to the end user? 

3. What are the differences between recycling of packaging in Sweden and the rest 
of the world? 

4. Is recycling worth the effort? 

Four packaging were selected for the study: 3 drums (plastic, steel and composite - 
plastic + steel) of 200 litres each, and 1000 litres plastic container. LCA considered 
energy use and emissions associated with the production, filling, reconditioning, 
recycling and disposal of these packaging. The analysis was made worldwide. 
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2. Packaging for chemicals 

 

2.1 Packaging types 

 

Six different plastic and steel packaging are used at Stenungsund: 

1. Steel Drum, 1.2 mm steel, Tight Head (TH), 210 ltr. 

2. Composite (“Combi”) Drum, Steel/High Density Polyethylene (HDPE), 200 ltr. 

3. Plastic Drum, HDPE, (TH), 217 ltr. 

4. Plastic Drum, HDPE, Open Head (OH), 213 ltr. 

5. Intermediate Bulk Container (IBC), HDPE, Wooden Pallet, 1000 ltr. 

6. IBC, HDPE, Metal Pallet, 1000 ltr. 

As it is shown in Figure 2-1, the most wide ly used packages are steel drums and combi 
drums. The use of plastic drums became prominent in recent years due to the customers’ 
demand. However, the percentage of plastic drums is still small in comparison to other 
types of drums. 

 

74%

15%

4%
6% 1%

Steel drum

Combi drum

Plastic drum TH+OH

IBC, Wooden Pallet

IBC, Metal Pallet

 
Figure 2-1. Types of packaging used at Stenungsund (statistics for year 2001) [1] 

This is  mainly connected to the technical problems posed by handling and filling of 
plastic drums at the site. [2]  

More information about filling of plastic drums, the cost of packaging and quantity 
distributed to the customers is represented in the Confidential Report. 
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2.2 Characteristic features of packaging 

 

The main characteristics of the packaging used are given in the Table 2-1. 

Tight head and open head plastic drums are produced at the same plant and have equal 
weight of 9 kg. Therefore, in the analysis no distinction is made between these two types 
of drums. 

IBCs on a wooden and metal pallet have almost the same weight and are manufactured at 
the same plant. The use of IBCs on a metal pallet is insignificant (1% of all packaging), 
therefore the analysis was made only on IBCs on a wooden pallet. 

 

Table 2-1. Characteristic features of packaging 

 

Packaging Material Weight, kg Comments Useful life, 
years 

Combi drum Steel + HDPE Total: 24 

Steel: 20,5 

HDPE: 3,5 

Partly 
recyclable 

10 

Plastic Drum 
TH, OH 

HDPE Total: 9 Recyclable 5 

Steel Drum Steel Total: 21,3 Recyclable 10 

IBC, metal, 
wooden 
pallet 

Container: HDPE 

Cage: steel 

Pallet: steel, wood 

Total: 75,81 

Steel: 39,88 

HDPE: 19,93 

Wood: 16 

Recyclable 5 

 

    
 

Figure 2-2. Plastic drum and Intermediate Bulk Container 
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All packaging are 100% recyclable except combi drums. The inner part of the combi 
drum is made of plastic and the outer of steel. This poses a problem for the material 
recycling process. Since the plastic and steel parts must be separated and sorted into 
different fractions to allow recycling. 

All packaging are marked according to international standards. The marking is of 
assistance to packaging manufacturers, packaging users, carriers and regulatory 
authorities.  

Useful lifetime for UN-approved packaging for dangerous goods is 5 years for plastic 
drums and IBCs and 10 years for steel and combi drums as it is shown in Table 2-1. 
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3. Reuse and recovery of packaging 

 

Packaging wastes traditionally end up on landfills and in some countries this option is a 
prevalent practice. As landfills have increased in numbers and sizes, the need for 
sustainable treatment methods is of crucial importance. 

The packaging waste management hierarchy shows that reuse of packaging is the most 
environmentally friendly option. Reuse is an important and convenient way of saving 
resources. However, sometimes reuse of packaging creates an unacceptable 
environmental burden. For example, the environmental impact of transportation over long 
distances might far overweigh any savings. Therefore, the waste management decisions 
must be made locally, taking into account all relevant factors including technical, 
environmental, economical and local market issues. 

Also according to waste management practice, recycling and incineration with energy 
recovery (plastics) are the next options, while disposal to landfill is the last choice. A 
number of different studies on packaging were carried out in the 1990-ies. The results 
show that the reuse and recycling options have less environmental impact than disposal to 
landfill. [3] 

 

3.1 Recovery of plastics  

 

The use of plastic packaging contributes to sustainable development by providing 
numerous benefits to society. Their light weight combined with versatile forming and 
processing characteristics helps to save energy. In addition, plastics have high strength 
and resistance to moisture and many chemicals that makes them indispensable for  the 
storage and transportation of hazardous materials. The main challenge is to find an 
appropriate way to recycle and recover plastic materials at the end-of-life. 

There are three recovery methods of waste plastics: 

1. Mechanical recycling processes, where the recycled plastic substitutes the virgin 
material or a non-plastic material (e.g. wood, concrete). 

The method can only be efficient if used plastic replaces virgin material on a ratio of 1 
to1, but it is impracticable because of numerous physical reasons such as incompatibility, 
contamination, or color of plastic waste. The substitution of wood or concrete is limited 
due to economic reasons. [4] 

2. Feedstock recycling. It is not surprising that there is so big interest in feedstock 
recycling processes, in which the plastics are broken down into their basic chemical 
constituents for use in a wide range of new industrial, intermediate and consumer 
products, including new plastics, or use as substitute of coke in blast furnaces. [5] A 
special case of feedstock recycling processes yields an important raw material called 
synthesis gas, a mixture of hydrogen and carbon monoxide. 
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The advantages of feedstock recycling are clear. It allows recycling mixed and laminated 
plastics, contamination of plastics is not so big problem like in case of mechanical 
recycling, different products are produced and markets for these products are available. 

3. Energy recovery processes (mono- or co-combustion). In these processes the recycled 
plastics are used as a fuel during energy production. 

The most common way is to recover the thermal energy via municipal incineration of 
mixed waste. The efficiency of the process is high if both heat and power are produced. 
There are also increasing efforts to substitute traditional fossil fuels in energy-intensive 
processes, for example cement manufacture. [5] 

Detailed assessments are required to determine whether mater ial recycling is preferable 
to energy recovery routes in the environmental terms. However, waste legislation around 
the world is increasingly demanding the achievement of recycling targets. 

 

3.2 Recycling of steel 

 

Steel is one of the world's most recycled products. In fact, it is 100 percent recyclable. 

The use of scrap is an integral part of the steel manufacturing process and steel has 
always contained a high percentage of scrap. 

There are two processes for making steel: [6] 

1. The Basic Oxygen Furnace process (BOF), which is used to produce the steel needed 
for packaging, car bodies, appliances and steel framing. The process uses about 25% 
recycled steel. 

2. The Electric Arc Furnace process (EAP), which is used to produce steel shapes such as 
railroad ties and bridge spans. The process uses virtually 100% recycled steel. 

The extraction of virgin ores used to produce steel can have devastating ecological 
consequences. The use of scrap steel, as opposed to virgin ore, has the following 
estimated environmental benefits: [7] 

§ air pollution is reduced by 86%  

§ water pollution is reduced by 76%  

§ energy savings of 74%  

§ water consumption is reduced by 40%  

§ mining wastes are reduced by 97%  

Every tonne of recycled steel saves 1140 kg of iron ore, 450 kg of coal, and 20 kg of 
limestone. [6] 
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3.3 Reuse and recovery of packaging worldwide  

 

Nowadays, industrial packages are increasingly being designed in ways that make them 
reconditionable, reusable or recyclable. But before they can be reconditioned or recycled, 
the packaging must be collected by or returned to a reconditioner, recycler or packaging 
manufacturer. Unfortuna tely, many users of packaging, especially small companies 
generating several empty drums or containers are not aware of this reverse distribution 
process or of the collection options available to them. The packages in these companies 
are very often reused at the site or sold to their own workers for domestic use and, 
consequently, end up on landfills. 

The collection and return of all empty industrial packaging costs money. This cost can be 
incurred by the end user, filler or manufacturer. In the case of the latter two, the cost may 
be imbedded in the price of the product or container. There are situations when 
reconditioners and packaging manufacturers can collect empty packaging from their 
customers and customer’s customers at no cost, but this is not always the case. 

The different waste management options vary from country to country and from company 
to company. The recovery options in different regions (Asia, Ea stern and Western 
Europe, America) are summarised in Table 3-1. 

 

3.4 What happen to our packaging after delivery to the end user? 

 

The reuse and recycling of packaging in the customers’ countries were studied through 
interviews and questionnaires. The following questions have been asked: 

 

1. What happen to the packaging after delivery to the end user? 

2. In which packaging do customers prefer to buy our products and why? 

3. Do customers want us to collect the empty packaging from their plants for 
recycling/treatment? 

 

For more information see Confidential Report. 
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Table 3-1. Recovery options for steel and plastic waste in the different countries 

 
Country Plastic packaging 

(recycling rate) 
Steel packaging 
(recycling rate) 

1. Japan  
The Law on Containers and Packaging 
Recycling came into force in 2001. 
A “recycling fee” was introduced. [8] 

 
Coke substitute for pig iron 
production 
Coal substitute for coke production 
Material substitution 
Synthetic oil production 
Synthetic gas production1[8] 

 
 

84,2% 2 [9] 
 

2. UK 
The Producer Responsibility Obligations 
came into force in 1997. The Regulations 
require that by the end of 2001 at least 56% 
of all packaging (by weight) must be 
recovered. [10] 

 
11% - recycled 
6% - incinerated for energy 
recovery3[5] 

 
60% - Overall s teel 
recycling rate [11] 
 
37% - recycling rate 
of steel packaging 

3. Germany 
 
 

 
51% - recycled (includes feedstock 
recycling) 
19% - incinerated with energy 
recovery4[5] 

 
81% [12] 

4. Czech Republic 
Based on the new Packaging Law (came 
into force in January, 2002) producers, 
importers, fillers and distributors of 
packages  and packed products shall take 
back and recover packaging waste. 

 
46% of all packaging are recovered, from which 65% 
reused and 35% recycled.5 [13] 

5. Sweden 
According to the Packaging Directive, by 
July 2001, 70% of all used plastic 
packaging shall be collected and at least 
30% of it shall be material recovered. The 
rest being used for energy. 

 
17% - recycled 
62% - incinerated with energy 
recovery6[5] 

 
70% [14] 

6. Brazil 12-15% -Plastic recycling rate 18%  - Steel 
recycling rate 

7. Former Soviet Union countries: 
Ukraine, Belarus, Russia, Estonia, Latvia 

 
Recycling system is not developed. Used drums are 
cleaned and re-used at the customer’s site or sold to their 
own workers for domestic use.[28,29] 

                                                 
1 Statistics for year 2001. The recycling rate for industrial plastic packaging is unknown. 
2 Statistics for year 2000. 
3 APME, Statistics for year 1999. 
4 APME, Statistics for year 1999. 
5 Statistics for year 2001. 
6 APME, Statistics for year 1999. 
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4. Life Cycle Assessment 

 

Life Cycle Assessment (LCA) provides the methodology to evaluate the potential 
environmental burdens of a product system or activity over the entire period of life cycle. 
It involves collecting data on raw materials used, energy consumption and wastes 
released to the environment (air, water and land). Data is collected for every stage of the 
life cycle, from mining of raw materials through to processing, distribution, use, reuse, 
maintenance, recycling, final disposal and all transportation involved, using literature 
studies, interviews, measurements, theoretical calculations, data banks and qualified 
guesses.[32] 

Based on a relevant functional unit for the system under study, this data is then calculated 
and modelled into a Life Cycle Inventory (LCI), which in turn is classified, characterised 
and valuated to determine the environmental impacts of the system. 

As a last step, the improvement assessment can be performed to identify and evaluate the 
options for reducing the environmental and possibly the economical burdens of the 
system.  

A life cycle assessment carried out in a scientifically correct way is a very valuable tool 
for the assessment of the environmental effects of the packaging, but it is not an absolute 
quantitative truth. There is a constant development of materials, products and processes, 
and new data may change the analysis results in a crucial way. Therefore, the results must 
be interpreted with a certain caution, and an LCA should be used primarily to reduce the  
impact of products and processes on the environment.[32] 
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5. Methodology for the LCA of packaging 
 

5.1 Goal and scope  definition 
 

5.1.1 Goal of the study 

The purpose of the life cycle assessment was:  

1. To carry out a detailed analysis of the life cycle of plastic and steel materials used 
for the packaging of chemical products at Akzo Nobel, Stenungsund with 
emphasis on reuse and recycling; 

2. Suggest possible improvements to reduce environmental impact; 

3. Suggest possible changes at the site. 

The study was  done from the cradle to the grave. The intended application of the study is 
to increase the knowledge of the potential environmental impacts associated with the life 
cycle of industrial packaging used at Stenungsund. 

 

5.1.2 Functional unit 
It is not possible to determine, which packaging is the best from the environmental point 
of view simply by performing LCA on different drums and containers. For this, we have 
to analyze the exact amount of packaging necessary to pack and distribute, for example, 
1000 liters chemicals. 

As a Functional Unit for this study the packaging and distribution of 1000 litres  
chemicals was chosen. 

 
To distribute this quantity of chemicals , 5 plastic, steel and combi drums or 1 
intermediate bulk container is needed. 

The useful life time varies, depending on the type of packaging: 

• 10 years – steel, combi drums; 

• 5 years – plastic drum, intermediate bulk container. 

Therefore, the number of times the packaging might be reused is dependent on each 
material, and individual reuse rate for each packaging was assumed. 

Packaging and distribution of 1000 liters chemicals 
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5.1.3 System boundaries 

Nature boundary 

This study aimed to assess the environmental impact. Reuse and recycling/recovery 
options of packaging are of primary importance. Therefore, the impact of the actual use 
of packaging in the  marketing and use was not studied. 

The environmental influence caused by the production of machines, industrial plants and 
infrastructure is not included.  

The fact that emissions on different geographical places can have different effects on the 
environment has not been accounted for. 

The assessment is not based on any specific evaluation method but is derived from the 
discussion of some important emissions and use of resources. 

Geographical boundary 

The data representing the production of raw material for drums and containers (HDPE, 
steel) are average data for the production in Europe.[5, 19] The manufacturing of plastic, 
steel and combi drums takes place at the plant in Sweden and IBCs in the UK. [15, 20]  
The filled drums and containers are sold to the cus tomers in the different countries and 
the analysis of the recovery/disposal options was made worldwide. 

Time boundary 

Attempts were made to obtain the most updated data. Almost all of the site-specific data 
are based on the year 2001. 

Energy 

The data for the energy production has been taken from Akzo Nobel’s database  [33]. 

The electricity production mixes are used for the electricity demand in the various 
processes performed in the countries in question. For example, a plant in the UK is 
assumed to use the UK electricity mix.[33] 

Transports 

Environmental effects from transportation are calculated using data obtained from Akzo 
Nobel’s database.[35] 

 

5.1.4 Data quality 

Data from all stages in the life cycle of the packaging have been gathered. The data have 
then been documented according to the SPINE data documentation criteria in the 
software EcoLab.[34] 

The data included in the study are measurable and recordable and were supplied by 
companies. Interviews with key persons have been performed through discussions at the 
sites or by phone. 
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In order to receive reliable data for production, reconditioning and recycling of 
packaging, several plants have been visited. No verification of the data has been done on 
the sites of production and recycling. Discussions with technicians at Akzo Nobel have 
been accomplished to a greater extent than for other companies involved in the study. 

It was only in rare cases, the data have been estimated from the literature or from 
processes with similar materials. It has been impossible to receive production data from 
some companies involved in the study. Therefore, data for the IBC production have the 
highest uncertainties. 
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6. Life cycle of Plastic drums 

 

6.1 Life cycle 

 

The life cycle of a plastic drum is presented in Figure 5-1. 

 
Figure 5-1. Life cycle of a plastic drum 

 

1. Raw material production [5] 

High density polyethylene is produced in Belgium. APME European average data from 
10 different plants in 7 countries are used. 

2. Transportation of HDPE [15] 

An average distance of 1000 km is estimated for the transport of HDPE. The 
transportation is carried out by truck. 

5. Filling of drums  

Akzo Nobel, Stenungsund, 

Sweden 

3. Plastic drums production 

Sweden 

1. Raw material production 

(HDPE) 

Belgium 

7. Reconditioning of drums  

Worldwide 

9. Incineration with 
energy recovery 
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3. Plastic drum production [15] 

The plastic drums are produced at the plant in Falkenberg, Sweden. The data were 
collected through interviews with drums producers and extracted from the company’s 
environmental report for year 2001. 

The production process consists of the following steps : 

1. Extruction blow molding 
2. Weighting and cooling of drums 
3. Packing on pallets 

Average Swedish electricity is used for the process. 

4. Transportation of plastic drums [15] 

Plastic drums are transported 120 km from Falkenberg to Stenungsund. The transport is 
carried our by truck. 

5. Filling of plastic drums [2] 

Filling of plastic drums is done at the site Stenungsund. Average Swedish electricity and 
steam produced at Stenungsund are used for the process. Treatment of wastewater from 
cleaning of pipes is not included in the study. 

6. Transport of plastic drums [16] 

Empty plastic drums are transported 50 km by truck to Göteborgs Emballageservice AB 
for reconditioning. 

7. Reconditioning of plastic drums [16] 

The company, Göteborgs Emballageservice AB, collects, treats and repairs used plastic 
drums. The treatment process consists of the following steps: 

1. Inside rinsing with sodium hydroxide  solution in hot water; 

2. Outside washing with hot water. 

A closed-loop water cycle is used. Water is changed 2-3 times per year. Treatment of 
wastewater is not included in  the study.  

8. Transportation of plastic drums for reuse 

An average distance of 300 km is estimated for the transport of drums. The transportation 
is carried out by truck. 

9. Incineration of plastic wastes [17] 

An average data for the incineration of plastic wastes in Europe is used. The energy 
recovered in the process is substitute energy needed for the production of HDPE.  
Transportation data are included in the process data. 
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10. Disposal of plastic waste to landfill [18] 

An average data for the sposal of plastic waste to landfill in Europe is used in the 
analysis. Transportation data are included in the process data. 

 

6.2 Scenarios 

 

Three different scenarios have been studied: 
 

 

 

 

 

The optimistic scenario can be applied to the following countries: Germany, Switzerland, 
Netherlands , and Nordic countries. In these countries the recovery rate is high and the 
collecting and recycling systems are well-developed. 

 

 

 

 

 

The realistic scenario represents the current situation worldwide. 

 

 

 

 

 

Worst-case scenario is chosen to demonstrate the benefit of reuse and recycling of 
packaging. 

 

6.3 Results 

 

The results of the LCA of plastic drums are presented below. 

1. Optimistic scenario 

Reuse 

64%  

Incineration  

16%  

Landfill 

20%  

2. Realistic scenario 

Reuse 

40%  

Incineration  

20%  

Landfill 

40%  

3. Worst-case scenario 

Landfill 

100%  
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6.3.1 Scenario 1 

Energy consumption 

The total energy consumption for the whole life cycle of a plastic drum is about 460 
MJ/1000 liters of packed and delivered product.7 

HDPE 
production

Other
Transports

 
Figure 5-2. The energy consumption for the whole life cycle of a plastic drum in MJ/1000 liters packed and 
delivered product. Scenario 1. 

 

Resource consumption 

The main resources needed to produce HDPE: 17,82 kg of crude oil (801 MJ) and 891 kg 
of water. 

 

Emissions to air 

The carbon dioxide emissions have been traced more carefully than other emissions to air 
(see Figure 5-5). 

For the carbon dioxide emissions , the HDPE production and plastic waste incineration 
contribute to about 90% of the total CO2 emissions to air from the whole life cycle. 

Carbon monoxide, nitrogen oxides and sulfur dioxide emissions  to air come mainly 
from the HDPE production and plastic waste incineration. 

Hydrocarbons and particle emissions come from HDPE production.  

Approximately 60% of the methane is emitted during plastic waste disposal to landfill. 
The remaining part mainly originates from HDPE production. 

                                                 
7 Note: Crude oil for the production of HDPE is not included. 
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Figure 5-3. Emissions to air from the whole life cycle of a plastic drum. Scenario 1. 
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Figure 5-4. The sources of carbon dioxide emissions to air from the whole life cycle of a plastic drum. 
Scenario 1. 

 

6.3.2 Comparison of scenarios 

Energy demand  

The total energy demand for the realistic scenario is about 700 MJ/1000 liters packed and 
distributed product. The corresponding value for the worst-case scenario is 1200 MJ/1000 
liters packed and distributed product. 

Resource consumption 

Resource consumption in the worst -case scenario increases more than 1,5 times  
compared to the realistic scenario and about 3 times in comparison to the optimistic 
scenario. 
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Figure 5-5. Emissions to air from the whole life cycle of a plastic drum. Comparison of scenarios. 

 

Is recycling worth the effort? 

From the figures above it is shown that energy demand, resource consumption and 
emissions to air in the worst-case scenario are higher that in the realistic scenario.  

The environmental burden is reduced if recycled plastic is used instead of virgin material. 
Much less energy and resources are needed for reuse or recovery processes compare to 
the production of a new material. Consequently, emissions are reduced. 

Conclusion: In order to reduce the energy input, resource consumption and emissions, 
either the reuse option should be adopted or the recycling process is improved or made 
more efficient. 
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7. Life cycle of Steel drums 

 

7.1 Life cycle 

 

The life cycle of a steel drum is presented in Figure 6-1. 

Figure 6-1. Life cycle of a steel drum 

 

1. Raw material production [19] 

The cold rolled coil is manufactured in Sweden. The data collected by IISI (International 
Iron and Steel Institute) represents the production of cold rolled coil in Europe. The data , 
based on average from 14 different plants, were collected from year 1999 to 2000. 

2. Transportation of cold rolled coil [15] 

The cold rolled coil is transported 515 km by electric train.  

5. Filling of drums  

Akzo Nobel, Stenungsund, 

Sweden 

3. Steel drums production 

Sweden 

1. Raw material production 

Cold rolled coil 

Sweden 

7. Reconditioning of drums 

Worldwide 
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3. Steel drum production [15] 

The steel drums are produced at the plant in Falkenberg, Sweden. The data were collected 
through interviews with drums producers and extracted from the company’s 
environmental report for year 2001. 

Production process of steel drums consists of the following steps: 

1. Cutting of cold rolled coil 
2. Cutting and forming of tops and bottoms 
3. Lacquering 
4. Rolling and welding of body material 
5. Assembling and testing of drums 
6. Packing on pallets 

Average Swedish electricity is used. The natural gas for the process is assumed to come 
from the North Sea (APME data).[36] The production of paint for steel surface treatment 
and treatment of waste from the manufacturing process are not considered.  

4. Transportation of steel drums [15] 

Plastic drums are transported 120 km from Falkenberg to Stenungsund. The transport is 
carried our by truck. 

5. Filling of steel drum [2] 

The average filling rate for the steel drums is about 40-45 drums per hour. 

Average Swedish electricity and steam produced at Stenungsund are used for the process. 
Treatment of wastewater from cleaning of pipes is not included in the study. 

6. Transportation of steel drums for reconditioning [16] 

Empty steel drums are transported 50 km by truck to Göteborgs Emballageservice AB. 

7. Reconditioning of steel drums [16] 

The treatment process consists of the following steps: 

1. Inside rinsing with NaOH solution in hot water; 
2. Outside washing with hot water; 
3. Painting. 

The closed-loop water cycle is used. Water is change d 2-3 times per year. Treatment of 
wastewater is not included in  the study.  

8. Transportation of steel drums for reuse 

An average distance of 300 km is estimated for the transport of drums. The transportation 
is carried out by truck. 

9. Transportation of steel scrap for smelting  

An average distance of 500 km is assumed for the transport of steel scrap. The 
transportation is carried out by truck. 



LCA of Industrial Packaging for Chemicals  Life cycle of steel drums 

 28 

10. Disposal of steel scrap to landfill [18] 

An average data for disposal of steel scrap to landfill in Europe is used in the analysis. 
Transportation data are included in the process data. 

 

7.2 Scenarios 

 

As mentioned, three scenarios have been studied: optimistic, realistic and worst-case 
scenario.  The optimistic and worst-case scenarios are the same as for plastic drums (see 
Chapter 6.2: Life cycle of plastic drums). 

 

 

 

 

 

 

 

Realistic scenario for steel drums is based on the information received from recycling 
companies and literature studies. 

 

7.3 Results 

 

7.3.1 Scenario 1 

Energy demand  

The total energy demand for the whole life cycle of a steel drum is about 2500 MJ/1000 
liters packed and delivered product. 

2. Realistic scenario 

Reuse 

40%  

Remelting 

40%  

Landfill 

20%  
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Figure 6-2. The energy consumption for the whole life cycle of a steel drum in MJ/1000 liters packed and 
delivered product. Scenario 1. 

 

Resource consumption 

The main resources consumed during the cold rolled coil production process: 38 kg of 
iron ore, 6 kg of limestone and 423 kg of water. 
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Figure 6-3. Emissions to air from the whole life cycle of a steel drum. Scenario 1. 
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Figure 6-4. The sources of carbon dioxide emissions to air from the whole life cycle of a steel drum. 
Scenario 1. 

 

For the carbon dioxide emissions , the cold rolled coil production contributes to more 
than 90% of the total carbon dioxide emissions to air. 

Carbon monoxide, sulfur dioxide and particles emissions to air come from the cold 
rolled coil production process.  

About 70% of the contribution of nitrogen oxides emissions originates from the cold 
rolled coil production. The other 30% mainly derive from transportation and disposal of 
steel scrap. 

 

7.3.2 Comparison of scenarios 

Energy demand  

The total energy demand for the realistic scenario is about 2600 MJ/1000 liters of packed 
and delivered product. In case of worst-case scenario, about 12300 MJ of energy is 
needed to pack and distribute 1000 liters of product. 

 

Resource consumption 

Resource consumption in the worst-case scenario increases 5 times compared to the 
realistic and optimistic scenarios. 
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Figure 6-5. Emissions to air from the whole life cycle of a steel drum. Comparison of scenarios. 

 

Is recycling worth the effort? 

 

From Figure 6-5 it is shown that emissions in the realistic scenario are reduced 
significantly compared to the worst-case scenario. This is mainly because of high reuse  
and recycling rate. Steel manufacturing is extremely energy consuming, which means 
that the rate of recovery has to be very high to reduce the negative environmental impact. 

Conclusion: There is a large potential for saving energy and, thus, avoiding emis sions, 
by reuse and recycling of steel drums. The reason for this is the relatively large quantities 
of energy required for mining of raw materials and production of steel. 
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8. Life cycle of composite drums 

 

8.1 Life cycle 
 

The life cycle of a composite drum is presented in Figure 7-1. 

 
 

Figure 7-1. Life cycle of a composite drum 

 

1. Raw material production 

High density polyethylene is produced in Belgium. APME European average data are 
used. [5] 

The cold rolled coil is manufactured in Sweden. The data collected by IISI is used in the 
study. [19] 

6. Filling of drums  

Akzo Nobel, Stenungsund, 

Sweden 

4. Composite drums production 

Sweden 

1. Raw material production 

HDPE (Belgium)  

Cold rolled coil (Sweden) 

8. Reconditioning of drums  

Worldwide 
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2. Transportation of HDPE [15] 

An average distance of 1000 km is estimated for the transport of HDPE. The 
transportation is carried out with truck.  

3. Transportation of cold rolled coil [15] 

The cold rolled coil is transported 515 km by electric train.  

4. Composite drum production [15] 

The composite drums are produced at the plant in Falkenberg, Sweden. The data were 
collected through interviews with drums producers and extracted from the company’s 
environmental report for year 2001. 

The inner part of the Combi drum is made of plastic and the outer of steel. After 
production of these two parts the steel-top and the outer steel drum is fixed on the plastic 
drum, and the top and the body is curled together. For more details see product ion of 
plastic and steel drums (Chapters 6, 7). 

5. Transportation of composite drums [15] 

Composite drums are transported 120 km from Falkenberg to Stenungsund. The transport 
is carried our by truck. 

6. Filling of composite drums [2] 

The average filling rate for the combi drums is about 40-45 drums per hour. 

Average Swedish electricity and steam produced at the site Stenungsund are used for the 
process. Treatment of wastewater from cleaning of pipes is not included in the study. 

7. Transport of composite drums for reconditioning 

An average transportation distance of 50 km is estimated. The transportation for 
reconditioning is carried our by truck. 

8. Reconditioning of composite drums 

The treatment process of composite drum is assumed to be the same as for the steel 
drums. See reconditioning of steel drums (Chapter 7). 

9. Transportation of composite drums for reuse 

An average distance of 300 km is estimated for the transport of drums. The transportation 
is carried out by truck. 

10. Incineration of plastic wastes [17] 

An average data for the incineration of plastic wastes in Europe is used. The energy 
recovered in the process is substitute energy needed for the production of HDPE.  
Transportation data are included in the process data. 

11. Disposal of plastic waste to landfill [18] 

An average data for the disposal of plastic waste to landfill in Europe is used in the 
analysis. Transportation data are included in the process data. 
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12. Transportation of steel scrap for smelting  

An average distance of 500 km is assumed for the transport of steel scrap. The 
transportation is carried out by truck. 

13. Disposal of steel scrap to landfill [18] 

An average data for the disposal of steel scrap to landfill in Europe is used in the analysis. 
Transportation data are included in the process data. 

 

8.2 Scenarios 

 

As in case of plastic and steel drums, three scenarios have been studied: optimistic, 
realistic and worst-case scenario. The optimistic and worst-case scenarios are the same as 
for plastic drums (see Chapter 6.2: Life cycle of plastic drums). 

Based on the interviews with recyclers and customers it was assumed that combi drums 
are currently only reused (see realistic scenario). 

 

 

 

 

 

 

 

8.3 Results 
 

8.3.1 Scenario 1 

Energy demand  

The total energy demand for the whole life cycle of combi drum is about 2600 MJ/1000 
liters of packed and delivered product.8 

                                                 
8 Note: Crude oil for the production of HDPE is not included. 

2. Realistic scenario 

Reuse 

40%  

Landfill 

60% 
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Figure 7-2. The energy consumption for the whole life cycle of a combi drum in MJ/1000 liters packed and 
delivered product. Scenario 1. 

 

Resource consumption 

The main resources consumed during the cold rolled coil and HDPE production 
processes. 

Cold rolled coil production: 37 kg of iron ore, 5,7 kg of limestone and 407 kg of water. 

HDPE production: 6,9 kg (312 MJ) of crude oil and 347 kg of water. 
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Figure 7-3. Emissions to air from the whole life cycle of a combi drum. Scenario 1. 
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Figure 7-4. The sources of carbon dioxide emissions to air from the whole life cycle of a combi drum. 
Scenario 1. 

 

For the carbon dioxide emissions , the cold rolled coil production contributes to more 
than 60% of the total carbon dioxide emissions to air. The remaining part mainly 
originates from HDPE production and plastic waste incineration processes. 

Carbon monoxide emissions  to air come from cold rolled coil production process. 

About 46% of the contribution of nitrogen oxides emissions originates from the cold 
rolled coil production and 34% from the HDPE production process. The other 20% 
mainly derive from transportation and plastic waste incineration. 

Sulfur dioxide and particles emissions  to air come from the cold rolled coil and HDPE 
production processes. 

Approximately 65% of the methane is emitted during disposal of plastic wastes to 
landfill. The remaining part mainly originates from the HDPE production. 

 

8.3.2 Comparison of scenarios 

Energy demand  

The total energy demand for the realistic scenario is about 7350 MJ/1000 liters packed 
and delivered product. The corresponding value for the worst-case scenario is 
12250MJ/1000 liters packed and delivered product.  

Resource consumption 

Resource consumption in the worst -case scenario increases more than 1,5 times 
compared to the realistic scenario and about 5 times in comparison to the optimistic 
scenario. 
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Figure 7-5. Emissions to air from the whole life cycle of a combi drum. Comparison of scenarios. 

 

Composite drums pose a problem for the material recycling process. In order to improve 
the recycling process, the plastic and steel materials should be easily separable.  

Conclusion: Avoid composite materials, i.e. only one type of material should be used in  
each product. 
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9. Life cycle of Intermediate Bulk Containers 

 

9.1 Life cycle 

 

The life cycle of IBC is presented in Figure 8-1. 

 

 
 

Figure 8-1. Life cycle of IBC 

 

1. Raw material production 

High density polyethylene is produced in England. APME European average data are 
used.[5] 

Mild steel is used to produce the cage of the container. Production data have not been 
received. Instead, cold rolled coil production data from IISI are used. [19] 

7. Filling of IBCs  

Akzo Nobel, Stenungsund, 

Sweden 

5. IBCs production 

England 

1. Raw material production 

HDPE (England) 

Steel (France) 

Wood (England) 

8,10. Reconditioning of IBCs  

Worldwide 

12, 16. 
Incineration with 
energy recovery 
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Wood is produced in England. European average data are used.[17] 

2. Transportation of HDPE [20] 

HDPE is transported 250 km by ship. 

3. Transportation of steel [20] 

The mild steel is transported 1120 km by a long distance truck from France to England. 

4. Transportation of wood [20] 

Wood is transported 135 km by truck. 

5. IBC production [20] 

The company produces IBC on a wooden and metal pallet. Production process consists of 
the following steps: 

1. 1000 ltr IBC bottle is blow molded; 
2. Metal cage is bent and welded; 
3. Cage is attached to pallet by clips and screws; 
4. Bottle is placed into cage/pallet assembly and leak tested; 
5. After completed test tie bars and cap is fitted. 

The data were collected through interviews with IBCs producers. Not all production data 
have been received. For example, data on electricity consumption for blow molding is 
missing. Instead, the electricity consumption for the process is estimated from the 
literature. [17] Average UK electricity is used. 

6. Transportation of IBCs [20] 

IBCs are transported 1860 km from England to Sweden. The transport is carried out by a 
long distance truck. 

7. Filling of IBCs [2] 

The average filling rate for the IBCs is about 8-9 IBCs per hour. 

Average Swedish electricity and steam produced at Stenungsund are used for the process. 
Treatment of wastewater from cleaning of pipes is not included in the study. 

8. Cleaning of IBCs [21] 

Cleaning of IBCs is done at Akzo Nobel, Stenungsund. Hot water is used for cleaning. 
Steam pr oduced at the site is used for heating of water. Wastewater from the cleaning 
process is incinerated. 

9. Transport of IBCs [22] 

An average transportation distance of 10 km is estimated. The transportation for 
reconditioning is carried out by truck. 

10. Recycling of IBCs [22] 

The IBC is recyclable. Steel components are sent for reprocessing and wood for 
incineration. HDPE container is cut into two parts and sent for incineration. 
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11. Transportation of IBCs for reuse 

An average distance of 300 km is estimated for the transport of IBCs. The transportation 
is carried out by truck. 

12. Incineration of plastic wastes [17] 

An average data for the incineration of plastic wastes in Europe is used. The energy 
recovered in the process is substitute energy needed for the production of HDPE. 
Transportation data are included in the process data. 

13. Disposal of plastic waste to landfill [18] 

An average data for the disposal of plastic waste to landfill in Europe is used in the 
analysis. Transportation data are included in the process data. 

14. Transportation of steel scrap for smelting  

An average distance of 500 km is assumed for the transport of steel scrap. The 
transportation is carried out by truck. 

15. Disposal of steel scrap to landfill [18] 

An average data for the disposal of steel scrap to landfill in Europe is used in the analysis. 
Transportation data are included in the process data. 

16. Incineration of wood [17] 

An average data for the incineration of wood in Europe is used. The energy recovered in 
the process is substituted energy needed for the production of HDPE.  Transportation data 
are included in the process data. Average EU electricity is used.  

 

9.2 Scenarios 

 

As mentioned, three scenarios have been simulated.  

Producer of IBCs offers collection of empty containers from the end user and recycling. 
IBCs are provided with so-called “recycling ticket”. Collection takes place within Europe  
and US. According to these data, it is assumed that optimistic scenario for IBCs can be 
applied to the current situation. Therefore, in the analysis no distinction is made between 
these two scenarios.  

The worst-case scenario is the same as for plastic drums (see Chapter 6.2: Life cycle of 
plastic drums). 

For more information about scenarios see Chapter 6.2: Life cycle of plastic drums. 
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9.3 Results 

 

9.3.1 Scenario 1 

Energy demand  

The total energy demand for the whole life cycle of IBC is 1400 MJ/1000 liters packed 
and delivered product.9 

 

HDPE 
production

IBC production

Transports

Other

Steel 
production

 
Figure 8-1. The energy consumption for the whole life cycle of IBC in MJ/1000 liters packed and delivered 
product. Scenario 1. 

 

Resource consumption 

The main resources consumed during the steel and HDPE production processes. 

Steel production: 14,5 kg of iron ore and 162 kg of water.  

HDPE production: 7,9 kg (355 MJ) of crude oil and 394 kg of water. 

                                                 
9 Note: Crude oil for the production of HDPE is not included. 
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Figure 8-2. Emissions to air from the whole life cycle of IBC. Scenario 1. 
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Figure 8-3. The sources  of carbon dioxide emissions to air from the whole life cycle of IBC. Scenario 1. 

 

For the carbon dioxide emissions , the steel and HDPE production contribute to about 
50% of the total carbon dioxide emissions to air. The remaining part mainly originates 
from plastic waste incineration (15%), cleaning of IBCs (15%) and production of IBCs 
(11%). 

Carbon monoxide emissions  to air come mainly from the cold rolled coil production 
process. 

About 38% of the contribution of nitrogen oxides emissions originates from the HDPE 
production, 25% from transports and 17% from the steel production process. The other 
20% mainly derive from the plastic waste incineration process. 
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Sulfur oxide emissions to air come mainly from the HDPE production process. 

Approximately 45% of the methane is emitted during disposal of plastic wastes to 
landfill and 32% during HDPE production. The remaining part originates from the steel 
production, plastic waste incineration and IBCs production processes. 

Note: 

The contributions of production of IBCs are hard to predict due to use of European 
average electricity consumption for blow molding. Another source of mistake can be the 
use of cold rolled coil instead of mild steel. Accordingly, the contribution to emissions 
from the whole life cycle of IBC should be regarded with lower accuracy that the 
emissions from other packaging. 

What can be noted is that the contribution of CO2, NOx, SOx, etc. from the production of 
mild steel and production of IBCs might be noticeable lower. 

 

9.3.2 Comparison of scenarios 

Energy demand  

The total energy demand for the optimistic and realistic scenario is 1400 MJ/1000 liters 
packed and delivered product. The corresponding value for the worst-case scenario is 
about 5300 MJ/1000 liters packed and delivered product.  

Resource consumption 

Resource consumption in the worst-case scenario increases about 5 times compared to the 
realistic/optimistic scenario. 
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Figure 8-4. Emissions to air from the whole life cycle of IBC. Comparison of scenarios. 
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Is recycling worth the effort? 

From the figures above it is shown that energy demand, resource consumption and 
emissions to air in the worst-case scenario are much higher that in the realistic/optimistic 
scenario.  

It can be concluded from the results that the benefits of recycling are savings of virgin 
materials and energy. Consequently, emissions are reduced. 

Conclusion: In order to reduce the energy input, resource consumption and emissions, 
the reuse and recycling options should be applied and the recycling process should be  
made more efficient. 

 

Is cleaning of IBCs worth the effort? 

 

From Figure 8-3 it is shown that cleaning of IBCs contributes to about 15% of carbon 
dioxide emissions from the whole life cycle of IBC. However, the contribution is 
insignificant compared to savings of energy and resources and, consequently reduction of 
emissions, during reuse and recycling as it is shown in Figure 8-4. 
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10. Comparison of different packaging 

 

10.1 Data quality 

 

The variables that mostly influence the results are the source and quality of data. The 
total emissions to air from the whole life cycle of IBC should be probably lower than 
those indicated in the Figures 8-2, 8-4. This is because the data from the production 
process of IBCs are derived mainly from the literature. 

All data for production and reconditioning of plastic, steel and combi drums come from 
the same source and are considered very reliable. 

Since the main sources of emissions, energy and resource consumption are manufacturing 
processes of steel and HDPE, and the data on these processes are received from the same 
sources for all packaging, the results of the LCA studies of plastic, steel, and combi 
drums should be comparable to the results of the IBC study. 

 

10.2 Energy consumption for the whole life cycle of different packaging 

 

The energy consumption for the whole life cycle of packaging in MJ/1000 liters packed 
and delivered product is presented below. 
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Figure 9-1. Energy consumption for the whole life cycle of different packaging. Comparison of scenarios. 

 

From Figure 9-1 it is shown that the energy consumption for the whole life cycle of 
combi drums is higher than that of other packaging. In case of the realistic scenario 
(scenario 2), the high energy consumption for the combi drums is caused by the fact that 
the drums are only considered to be partly recyclable. 
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A major part of the energy consumption concerning the life cycle of steel drum derives 
from the steel production process. If the reuse and recycling options are applied, the 
energy consumption would be reduced significantly (see the above Figure 9-1, scenarios 
1,2). 

 

10.3 Emissions to air 
 

As it was shown in Chapters 6-9, the main emissions to the air are carbon dioxide 
emissions. These emissions have been traced more carefully and compared for different 
types of packaging. The result is presented below. 
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Figure 9-2. Emissions to air from the whole life cycle of different packaging. Scenario 1. 

 

From the above Figure 9-2 it is shown that there is no significant difference regarding 
carbon dioxide emissions between four  types of packaging if the reuse and recycling rate 
is high. However, the carbon dioxide emissions to air from the life cycle of combi drums 
are higher than for other packaging. 
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10.3.2 Scenario 2 
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Figure 9-3. Emissions to air from the whole life cycle of different packaging. Scenario 2. 

 

If the current reuse and recycling rates had been applied, the use of steel drums and IBCs 
would be the best option (see Figure 9-3). From the above Figure 9-3 it is shown that the 
use of plastic drums is also a good option.  

The carbon dioxide emissions to air from the life cycle of combi drums in the realistic 
scenario are higher than for other packaging. 

 

10.3.3 Scenario 3 
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Figure 9-4. Emissions to air from the whole life cycle of different packaging. Scenario 3. 
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In case of worst-case scenario (100% landfill) the carbon dioxide emissions are higher for 
steel and combi drums than for IBCs and plastic drums as shown in Figure 9-4. The use 
of plastic drum is the best option. 

Note: The worst-case scenario has been chosen to estimate the benefit of recycling and 
the results cannot be applied for the current situation, since 100% disposal rate to landfill 
is impossible and not allowed by regulations. 

 

10.4 Discussion 

 

Many of the substances which are emitted to the atmosphere as a result of human 
activities contribute to the man-made greenhouse effect. Carbon dioxide is one of the 
most important man-made emissions of greenhouse gases. The largest emissions of 
carbon dioxide come from steel and plastic production processes as well as from 
incineration of plastic wastes. 

Methane is the second most important greenhouse gas. The study shows that the main 
part of methane is emitted during plas tic waste disposal to landfill. The remaining part 
mainly originates from HDPE production. 

Emissions of sulfur and nitrogen oxides contribute to acidification. These emissions will 
result in the formation of acids on contact with water. Oxides of nitrogen can be 
converted to nitric and nitrous acids by oxidation in the troposphere. Nitrogen oxides 
emissions also contribute to eutrophication. 

The study shows that sulfur oxide emissions to air come mainly from HDPE production 
processes. Nitrogen oxides emissions originate from HDPE production, transportation 
and steel production processes. 

A major part of the energy consumption concerning the life cycle of packaging derives 
from the steel production process. The emissions from the energy production also pollute 
the environment. 

 

10.5 Transportation 

 

The transportation distance, number of trips and coefficient of fullness influence the 
result of the analysis. The contribution of sea transports to the emissions depends also on 
the size of the boat and the type of fuel used. 

The weight of packaging used also influence the result. Steel drums are heavier than 
plastic drums. It is interesting to know how the weight of packaging influences the 
emissions from transportation. 

The analysis was made for transportation of 1000 liters of product from Sweden to 
Brazil. The transportation was carried out by ship. It was found that the difference in 
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carbon dioxide emissions between plastic and steel packaging is less than 1%, since the 
packaging contributes only to 5-12% of the weight of the transported product. 

However, it would be better from environmental point of view, if a transport service 
company would be contracted that carries cargo back and operates with full load 
capacity. Further investigations in this area are recommended. 

 

10.6 Economic considerations  

 

Plastic and steel drums are cheaper compared to other packaging. The IBCs on a metal 
pallet are more expensive than on a wooden pallet. The use of composite drums is the 
most expensive. [1] 

For more infor mation see Confidential Report. 

 

10.7 Comparison to the product 

 

In order to better understand the results from the LCA of packaging for industrial 
chemicals, a comparison with the LCA of surfactant produced by Akzo Nobel Surface 
Chemistry at Stenungsund has been made. The LCA data for the product have been 
obtained from the report “Environmental Study of 2- Ethylhexanol Based Surfactants”. 
[31] 

In the LCA of the surfactant the functional unit was 1 kg. Hence, in order to compare the 
LCAs, the data have been recalculated into the functional unit 1000 kg. 

Contribution of different types of packaging and the surfactant to the carbon dioxide 
emissions was compared. Carbon dioxide emissions from the whole life cycle of 
packaging contribute to 1-7% of the carbon dioxide emissions from the life cycle of the 
surfactant, depending on the type of packaging and scenario applied.  

In order to minimize emissions, improvements should be made mainly in the life cycle of 
the sur factant. Since packaging contributes only 1 to 7% of the carbon dioxide emissions, 
it is evident that the most emissions come from the life cycle of the product. 
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11. Conclusions 

 

1. Recycling gain.  In order to reduce the energy input, resource consumption and 
emissions, the reuse and recycling options should be adopted and the recycling 
process should be made more efficient. 

2. Presently, the use of steel drums is a better option.  This is mainly due to the 
relatively high steel recycling rate worldwide. Based on the interviews with 
recyclers and customers it could be concluded that steel drums are usually 
collected and sent for recycling even if there is no regulations on recycling of 
packaging in the country. 

3. Use of IBC is a good option,  since the containers are equipped with so-called 
“recycling ticket” and recollected on this basis by the supplier and recycled. The 
“recycling ticket” is valid within Europe and US. Due to this option, reuse and 
recycling rates of IBCs are high and the use of this type of packaging is good 
from the environmental point of view. 

4. With higher recycling rates the environmental effect of steel and  plastic drums, 
and IBCs are almost the same. In the countries where the collection and 
recycling system is well-developed, for example Nordic countries, Germany, 
Switzerland, etc., all three types of packaging can be used. 

5. Use of plastic drums is reasonable in the countries with good plastic recycling 
technology. Feasibility studies should be carried out to know the packaging that 
customers want to buy the products and the reasons why they prefer it so as to 
reduce environmental effects. 

6. Use as less composite drums as possible. The composite drums should be used 
only in cases where it is required by regulations. Composite drums contain two 
different materials and this poses a problem for the material recycling process, 
since the materials should be separated to allow recycling. In order to improve the 
recycling process, the materials should be easily separable or only one type of 
material should be used. 

7. Plastic and steel drums are cheaper compared to other packaging. The IBCs on 
a metal pallet are more expensive than on a wooden pallet. The composite drums 
are the most expensive packaging. 
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13. Appendices 

 

Inventory data – Plastic drums 

(Functional unit = packaging and distribution of 1000 liters chemicals) 

Natural resources - energy 
(including feedstock)   Scenario 1 Scenario 2 Scenario 3 
Crude oil* MJ 832,24 1378,68 2311,36 
Hard coal* MJ 39,92 66,53 110,88 
Natural gas* MJ 394,39 657,32 1096,00 
Electricity use (electricity 
production is accounted for)     
Electricity - biomass kWh 0,20 0,27 0,38 
Electricity - coal kWh 0,15 0,20 0,29 
Electricity - hydro kWh 6.38 7,41 9,11 
Electricity - nuclear kWh 7,53 8,55 10,26 
Natural resources- material         
Water* kg 891,00 1485,00 2475,00 
Emissions to air         
CO g 18,64 29,80 44,57 
CO2 g 52779,00 78250,00 88997,00 
HC g 98,20 162,70 270,00 
CH4 g 227,67 420,90 909,00 
NOx g 202,11 324,93 496,00 
Particles  g 47,62 79,11 131,60 
SO2 g 238,25 392,37 637,00 
Emissions to water         
Cl- g 7,24 12,02 21,46 
COD g 4,09 6,26 9,88 
Dissolved solids g 8,47 12,25 18,55 
NO3

- g 25,30 50,56 126,27 
SO4

-- g 13,46 26,69 66,38 
Suspended solids g 34,71 57,50 95,63 
Residue         
Slags and ash kg 0,06 0,16 0,26 
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Inventory data – Steel drums  

(Functional unit = packaging and distribution of 1000 liters chemicals) 

Natural resources - energy 
(including feedstock)   Scenario 1 Scenario 2 Scenario 3 
Coal* MJ 432,94 442,66 2207,48 
Crude oil* MJ 54,34 56,91 47,13 
Energy resources* MJ 632,68 646,48 3232,42 
Fuel energy* MJ 588,33 601,17 3005,85 
Natural gas* MJ 169,60 233,59 605,07 
Non renewable energy* MJ 624,31 637,94 3189,71 
Electricity use (electricity 
production is accounted for)      
Electricity - biomass kWh 0,19 0,18 0,29 
Electricity - coal kWh 0,14 0,14 0,23 
Electricity - hydro kWh 4,71 4,99 7,83 
Electricity - nuclear kWh 3,86 3,51 5,21 
Natural resources- material         
Iron in ore* kg 38,00 38,83 194,13 
Limestone* kg 5,91 6,04 30,21 
Water* kg 425,00 432,38 2161,89 
Emissions to air         
CO g 686,55 702,43 3496,90 
CO2 g 51739,00 53883,00 245749,00 
HC g 3,44 3,96 2,41 
CH4 g 24,28 27,55 113,53 
NOx g 111,05 122,11 464,09 
Particles  g 43,57 46,09 224,73 
SOx g 66,78 71,81 347,48 
Emissions to wate r         
Cl- g 19,15 18,34 91,70 
Fe g 1489,00 1489,00 7444,35 
Suspended solids g 7,66 7,16 35,02 
Residue         
Slags and ash kg 6,46 6,60 33,02 
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Inventory data – Composite drums  

(Functional unit = packaging and distribution of 1000 liters chemica ls) 

Natural resources - energy 
(including feedstock)   Scenario 1 Scenario 2 Scenario 3 
Coal* MJ 416,87 1275,44 2125,45 
Crude oil* MJ 369,88 519,80 866,34 
Energy resources* MJ 608,91 1866,61 3111,02 
Fuel energy* MJ 566,23 1735,77 2892,95 
Natural gas* MJ 316,92 609,81 1010,71 
Non renewable energy* MJ 600,87 1841,94 3069,91 
Electricity use (electricity 
production is accounted for)      
Electricity - biomass kWh 0,23 0,32 0,48 
Electricity - coal kWh 0,17 0,24 0,36 
Electricity - hydro kWh 5,18 7,15 10,55 
Electricity - nuclear kWh 4,37 5,75 8,05 
Natural resources- material     
Iron in ore* kg 36,57 112,10 186,84 
Limestone* kg 5,69 17,45 29,08 
Water* kg 753,75 1825,91 3043,19 
Emissions to air         
CO g 668,10 2030,00 3382,90 
CO2 g 70327,00 163873,00 270985,00 
HC g 41,10 65,15 107,25 
CH4 g 105,83 278,88 109,43 
NOx g 184,33 387,35 639,86 
Particles  g 61,56 160,74 267,61 
SOx g 160,57 351,00 583,34 
Emissions to water         
Cl- g 19,89 58,44 96,98 
COD g 9,68 26,17 43,04 
Dissolved solids g 5,12 6,67 9,24 
Fe g 1342,10 4298,88 7164,81 
NO3

- g 13,48 29,47 49,12 
SO4

-- g 7,38 15,95 26,43 
Suspended solids g 20,51 42,98 71,25 
Residue         
Slags and ash kg 6,26 19,13 31,88 
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Inventory data – Intermediate Bulk Containers  

(Functional unit = packaging and distribution of 1000 liters chemicals) 

Natural resources - energy 
(including feedstock)  Scenario 1,2 Scenario 3 
Coal* MJ 165,27 825,72 
Crude oil* MJ 505,81 855,40 
Energy resources* MJ 242,04 1210,41 
Fuel energy* MJ 225,07 1125,57 
Natural gas* MJ 301,24 615,07 
Non renewable energy* MJ 238,84 1194,42 
Electricity use (electricity 
production is accounted for)     
Electricity - biomass kWh 0,11 0,74 
Electricity - coal kWh 3,81 23,14 
Electricity - hydro kWh 1,39 2,45 
Electricity - natural gas kWh 2,84 16,40 
Electricity - nuclear kWh 4,14 18,67 
Natural resources- material    
Iron in ore* kg 14,55 72,80 
Limestone* kg 2,30 11,52 
Water* kg 743,12 2637,62 
Wood* kg 16,93 26,13 
Emissions to air      
CO g 290,85 1356,42 
CO2 g 60938,00 173758,00 
HC g 55,48 85,58 
CH4 g 127,66 500,34 
NOx g 185,86 476,23 
Particles  g 53,87 157,37 
SOx g 152,61 402,24 
Emissions to water      
Cl- g 9,80 40,56 
COD g 23,53 36,52 
Dissolved solids g 4,37 14,81 
Fe g 557,54 2787,65 
NO3

- g 11,28 56,36 
SO4

-- g 5,90 29,48 
Suspended solids g 18,71 42,94 
Residue      
Slags and ash kg 2,51 12,43 

 


