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Abstract 

This thesis project was conducted to compare the environmental impacts 

between two types of material for a superstructure of cruising ship (Norwegian 

Gem) using life cycle assessment (LCA) methods. With the increasing price of 

industrial raw materials and finite resources, more and more corporations or 

manufacturers endeavor in seeking more economical materials and less 

environmental impacts within the ship building field. In recent years, light 

weight composite material has been applied in various industrial fields, for 

instance, green buildings, aircraft and wind turbine blade. In order to study 

impacts of steel superstructure and composite material superstructure of the 

ship, a detail study was conducted which using the comparative LCA method 

and SimaPro software. Two different superstructures are compared, steel 

superstructure and sandwich material superstructure. The results showed that 

over the life cycle the environmental impacts of sandwich superstructure type 

are much less than for the steel superstructure. The main contribution of 

impacts over the life time is operation phase due to fuel consumption. When 

increasing the waste recycling section for composite structure, the influence on 

environment has an obvious decrease compared to steel superstructure. 

 

Keywords 

Life cycle assessment, composite material, ship superstructure, environmental 

impacts 
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1 Introduction 

With the global economy booming and rapid expansion, an enormous amount 

of resources are consumed by different fields every year. In particular, as the 

fuel prices staying at a high price persistently for recent years, which gives rise 

to some of raw material prices raise as well, such as transportation and 

shipping industry products. For this reason, some manufacturers start to look 

for substitute material for cost saving and energy conservation. Moreover, to 

reduce the deterioration of environment, more eco-friendly materials which 

have less influence on the environment are applied to many industrial fields. 

 

The aim of this thesis work is an assessment of environmental impacts of 

cruising ship (Norwegian Gem) with different superstructures from a life cycle 

perspective, and anticipating future price increase for 20 years in several 

materials, fuel consumption and labor costs in Europe. The investigated 

cruising ship is used for transporting passengers and offer entertainment 

activities to passengers at sea. In most cases, the cruising ship exists in steel 

and aluminum. To make an appropriate comparison between different 

materials due to economic and environmental reasons, a light weight 

composite material was adopted to replace the traditional steel superstructures. 

There are two type of structures of Norwegian Gem are to be studied: steel 

structure and composite sandwich material superstructure.  

 

The work is realized with the collaboration of LASS-C project, the Royal 

Institute Technology, Stockholm (KTH). 

 

Sweden has a huge transportation industry market and the shipping industry is 

one of them. The project LASS-C, lightweight construction application at sea, 

aims at improving the efficiency of marine transport and to increase the 

competitiveness of the Swedish shipbuilding industry, as well as have less 

impact on environment. This will be accomplished through the development 
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and demonstration of new techniques for using lightweight material for ship 

construction. Figure 1 below is the appearance of Norwegian Gem.  

 

 

Figure 1. The Norwegian Gem cruising ship (www2.ncl.com) 

2 The future price increase in materials, fuel and labor 

With rapidly development of economization and globalization, more and more 

industrial materials are needed to meet the demand of an increasing market. 

Especially whenever it has new building project, imagine how large quantities 

of materials used in Beijing Olympic Games or Shanghai Expo 2010. 

Therefore, the price for materials would be certainly influenced by different 

market demands. In the following sections, different light material prices will be 

studied respectively.  

2.1 Aluminum 

In the recent fifty years, aluminum has gradually become one of the most 

commonly used metals in the world, especially in construction industry. It has 

good property of high stability in the air, light and heat resistance etc. In 

addition, aluminum alloy is also applied in a variety of industries.  

 

The price of aluminum in the past ten years has taken great changes, see 

Figure 2. As can be seen from the curve, the general trend of this curve is 

increasing continually. In the two years spanning from 2006 to 2008, the price 
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went up to a peak and fluctuated a lot. But due to globally financial crisis, on 

the following 2009, the price of aluminum sharply fell to a valley. Afterwards, it 

increases continually again. According to the London metal exchange report, 

the current price of aluminum is approximately 2290 $/ton (www.lme.com, Jan 

2010), which is almost double compared to ten years ago.  

 

 

Figure 2. The aluminum price in ten years (www.lme.com, 28th Jan 2011) 

 

Based on the aluminum price in the past ten years, an anticipative price curve 

in the future 20 years has been made in Figure 3. It presents linear increase for 

the following 20 years, which the cost will reach the doubled amount of the 

initial costs. Usually the product price depends on market price. As the 

consumption for aluminum increases, the price will rise gradually. However, 

there are several unreasonable deductions for this assumption. The price is 

unlike to increase at all times since aluminum can be partly recycled. 

Furthermore, it could also be influenced by economical activities. Some 

fluctuations even decrease will happen possibly.  
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Figure 3. Assumption for future aluminum price in next 20 years (Jan 2011) 

2.2 Carbon fiber 

In the recent years, carbon fiber has become a new-type lightweight solution in 

the ship building industry and other commercial applications. Carbon fiber 

reinforced composites are very strong for their weight. They are often stronger 

than steel, but much lighter. For this reason, they can be used to replace 

metals in many uses, from parts for airplanes to tennis rackets.  

From geographic perspective, Europe has the largest demand for carbon fiber, 

and it is going to be continuing. It is forecast that 52% will increase until 2015. 

In contrast, Asia will account for 18%, American has 15% and Japan 

possesses 13%, see Figure 4.  
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Figure 4. The demand for carbon fiber in different areas 2006-2015[1] 

 

2.3 Glass fiber 

Glass fiber is the only one of raw materials for composites products. According 

to a report of European Glass Fiber Producers Association (APFE)[2], the price 

of other raw materials increased much more rapidly over the past 25 years, 

while glass fiber has barely increased in price despite increasing raw material 

costs. The glass fiber price is now the same as they were in 1982. China has 

become the largest fiber glass manufactures in the world. The top three world 

production capacities of fiberglass manufacturers is Owens Corning 

Corporation (US), Saint-Gobain (France) and Jushi Group in China[3]. 

 

 

 

1 Source: www.cnbxfc.net 

2 Published on the website of European glass fiber producers association, http://www.apfe.eu 

3 Published on the China glass network, 2007/10/25 
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The application of glass fiber is widespread, since the beginning of the wind 

industry and through its growth and development, glass fiber products have 

been an integral part of wind turbine, such as blade composition, coating and 

tower coating. 

 

Because the outbreak of financial crisis, glass fiber enterprises in the world 

have become more cautious about their plans of capacity expansion, and the 

production capacity has been growing slowly. In 2010, the global capacity 

reaches 4.60 million tons or so, and it will continue rising. In the next years, the 

glass fiber demand will grow at a rate of 11% to 12% [4]. It is expected that the 

supply and demand in the world glass fiber industry will see a tight situation in 

the future. Figure 5 shows the global glass fiber demand and supply from 2008 

to 2012. 

 

 

Figure 5. Global fiber glass demand and supply (Unit: million tons), 2008-2012[3] 

 

 

 

 

4 Source: Glass Fiber Industry Association, Research in China 2010 Report 
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2.4 Unsaturated polyester 

Unsaturated polyesters are used in the production of both fiber reinforced 

plastics and non-reinforced filled products. They are both lightweight and 

durable and consumed in various applications such as building and 

construction, automotive and marine industry. The following pie chart Figure 6 

shows world consumption of unsaturated polyester resins. 

 

Figure 6. World consumption of unsaturated polyester resins[5] 

 

Future demand growth in China, in Figure 7, is forecast to increase slightly or 

maintain stable. The current average price in China is 2410 US$/ton 

(www.upr-e.cn). 

 

 

Figure 7. The price trend of unsaturated polyester in China 2009-2010 
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The most dynamic market for unsaturated polyester resins is wind energy. On 

a global basis, new installed wind energy capacity in 2009 was 38,312 MW. 

Wind power showed a growth rate of 31, 7%. The trend continued that wind 

capacity doubles every three years (World Wind Energy Report 2009). 

Unsaturated polyester resins are used to produce rotor blades, engine 

housings and gel coats in competition with epoxy resins. In Western Europe, 

annual growth of 7-8% is forecast for unsaturated polyester resin in this 

segment during 2007-2012, growth will be higher in Asia [4]. DSM Composite 

Resins, European’s largest unsaturated polyester resin producer, is increasing 

the prices of all its unsaturated resin and gel coat products for shipments on or 

after February 1, 2011. It will introduce a price increase up to 15-20 €ct/kg, as 

a result of the continued increasing costs of its raw materials (DSM company 

website). 

2.5 Core Material, cellular material 

The purpose of a core in a composite laminate is therefore to increase the 

laminate’s stiffness with a low density core material. This can provide a 

dramatic increase in stiffness for very little additional weight. There are a 

variety of core material, for instance, PVC foam, balsa wood cores, cellular 

material cores and other foam cores.  

 

The following chart in Figure 8 presents the different foam cores prices with 

different weight (www.escomposite.com). 
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Figure 8. Weight and cost comparison of different type core materials 

2.6  Fuel 

Shipping is viewed to be the most environmentally friendly way to transport 

commodities over long distances, and growth in world trade has resulted in a 

substantial growth of maritime transport. Naturally, this increase has its impact 

on oil consumption and the transport industry is by far the fastest growing 

consumer of oil within EU. 

 

In marine industry, usually, the used fuel is Marine Gas Oil (MGO). The fuel 

price differs much, depending on the actual market demand, political issues, 

port of refueling and other circumstances.  

 

The following graph in Figure 9 shows price for fuel oil blend (FOB) gas oil in 

Rotterdam (Netherland) and New York, 2000-2008, in cents per gallon. A 

standard barrel is 42 gallons, depending on the specific gravity of the product. 
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Figure 9. Price movement for FOB gas oil from 2000 to 2008[5] (Jan 2010) 

 

It is obvious that the whole trend of oil price is increasing and will continue to 

rise in the future. Besides a sharply decrease in 2008 due to global economy 

crisis. Oil consumption in emerging economies is driving global oil demand. 

With this trend it seems reasonable to expect that eventually the growing oil 

demand of the emerging economies will encroach on the stable or declining oil 

demand. The following figure is an anticipating graph for the future 20 years.  

 

 

 

 

 

5 Published on website of bunkerworld, http://www.bunkerworld.com 
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Figure 10. Assumption for future gas oil price in next 20 years (Jan 2011) 

Due to a growing concern about global warming and environmental changes, 

new laws and regulations that particularly focused on reducing the 

environmental impact of ship operations put into force. In Europe, it has very 

strict emission control policy at sea, especially in Baltic area. Such like these 

green house gases emission has to be restricted under a certain level, more 

and more ship owners and companies increase their environmental awareness 

gradually (i.e. obtain a ‘green image’).  

 

Further, the International Maritime Organization (IMO) specified a number of 

regulations and amendments to reduce SOx and NOx emission from ships 

even further. In the amendments to MARPOL Annex VI, it was said that the 

global sulfur cap reduced initially to 3.50% from the current 4.50%, effective 

from 1 January 2012; then progressively to 0.50%, effectively from 1 January 

2020, subject to a feasibility review to be completed no later than 2018. The 

limits applicable in Sulfur Emission Control Areas (SECAs) will be reduced to 

1.00%, beginning on 1st of July 2010 (from the current 1.50%); being further 

decreased to 0.10%, effective from 1st of January 2015. The sulfur limits and 

implementation dated are listed in Table 1 and illustrated in Figure 11. 
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Date 
Sulfur Limit in Fuel (% m/m) 

SOx ECA Global 

2000 1.5% 
4.5% 

2010.07 1.0% 

2012 1.0% 
3.5% 

2015 0.1% 

2020a 0.1% 0.5% 

a – alternative date is 2025, to be decided by a review in 2018 

Table 1. Fuel sulfur limits 

 

 

Figure 11. Fuel sulfur limits 

 

It also came to an agreement that NOx emission reductions from marine 

engines, NOx emission limits are set for diesel engines depending on the 

engine maximum operating speed (n, rpm), as shown in Table 2 and 

presented graphically in Figure 9. Tier I and Tier II limits are global, while the 

Tier III standards apply only in NOx Emission Control Areas. 
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Tier Date 
NOx Limit, g/kWh 

n < 130 130<n<2000 n>2000 

Tier I 2000 17.0 45 · n-0.2 9.8 

Tier II 2011 14.4 44 · n-0.23 7.7 

Tier III 2016+ 3.4 9 · n-0.2 1.96 

+ In NOx Emission Control Areas (Tier II standards apply outside ECAs) 

Table 2. NOx emission limits 

 

Figure 12. NOx emission limits 

2.7  Labor cost in Europe 

Based on the latest news release of Eurostat on September 2010, compared 

to second quarter of 2009, hourly labor costs of 2010 rose by 1.6% in both 

euro area and EU27. The two main components of labor costs are wages and 

salaries and non-wage costs. In the euro area, wages and salaries per hour 

worked grew by 1.5% in the year up to the second quarter of 2010, and the 

non-wage component by 2.0%, compared with 1.8% and 2.2% respectively at 

the beginning of 2010. The breakdown by economic activity shows that in the  
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euro area hourly labor costs increased by 1.1% in industry, 1.7% in 

construction and 1.9% in services for the same period [6].  

 

 

Figure 13. Total nominal hourly labor costs growth change 2001-2010 (Eurostat) 

 

The above curve in Figure 13 presents the percentage change of hourly labor 

cost in the last ten years. Although the total trend of increase rate was 

decreasing most of time, the hourly labor costs actually rise by a narrow range 

annually.  

 

Among the member states of Europe, the highest annual increases in hourly 

labor costs were registered in Bulgaria (+8.6%) and Romania (+5.0%), see 

Figure 14. The highest annual decrease were observed in Latvia (-5.8%) and 

Estonia (-2.6%).Therefore, it could forecast that the trend of labor costs would 

still have a raise in the near future, although some unpredictable economy 

activities might cause slightly fluctuation on it.  

 

 

 

6 A report of unsaturated polyester resins, Henry Chinn, published on January 2009 
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Figure 14. Hourly labor costs growth of member states 2010 Q2 (source: Eurostat) 

3 Introduction of cruising ship (Norwegian Gem) 

3.1  Background 

With the concept of sustainability firstly put forward in Report of the World 

Commission on Environment and Development, environmental issues are 

concerned by more and more publics and countries. More eco-friendly 

environment products are produced with the increased awareness of 

environmental degradation among people. The shipping industry is a typical 

example. The composite materials, exhibits excellent strength and stiffness in 

combination with low density, as well as low cost, these properties attract an 

increasing number of manufacturers would like to develop and produce these 

kind of products. Consequently, utilizing our finite recourse reasonable and do 

not make burden to surroundings is becoming a significant aspect towards 

sustainable development.  

 

In recent years life cycle thinking has become a key focus in environmental 

policy making. Life cycle assessment (LCA) is a technique for assessing the 

environmental aspects associated with a product or a process over its life 

cycle. It analyzes the contribution of the life cycle stages to the overall 

environmental load, usually with the aim to priorities improvements on 

products or processes. The application of LCA is quite widespread. More and 
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more countries develop strategies that promote life cycle thinking as a key 

concept. Another development is the sustainability reporting movement. The 

majority of the Top 500 companies in the world now report on the sustainability 

aspects of their operations. 

3.2 Norwegian Gem 

In modern society, cruising has become a major part of the tourism industry. A 

cruise ship or cruise liner is a large-scale ship used for transporting goods, 

cars and passengers. Mostly, it is a pleasure voyage, which the voyage itself 

and the ship’s amenities are part of the experience. For the material used for 

manufacturing these cruising ships, traditionally, large ships are made of steel. 

From a manufacturing point of view, steel is the most economical structural 

material. However, a ship will continue to cause costs and also environmental 

impact for other parts of the life cycle, such as operation and maintenance 

during its usage. Therefore, the interest is increasing for implementing other 

structural materials as aluminum or composite materials. By manufacturing 

ship structures in these so called light weight materials, the structural weight 

can be decreased and, hence, the engine power can be reduced. As a result, 

considerable cost savings and decrease in environmental effects can be 

obtained due to reduction of fuel consumption. 

 

The research objective of this study is Norwegian Gem superstructures. 

Norwegian Gem is a jewel class cruise ship of Norwegian Cruise Line. 

Construction began on 7 June 2006 at the Meyer Werft shipyard of Germany. 

As with the rest of NCL’s fleet, Norwegian Gem utilizes the “freestyle” cruising 

concept, which allows guest to dine in any number of restaurants, in casual 

attire, at times of their own choosing (Wikipedia). 

 

Ship Specifications 

 Passenger Capacity: 2,394 (double occupancy) 

 Gross Register Tonnage: 93,530 
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 Overall Length: 965 feet 

 Max Beam: 105 feet 

 Draft: 28 feet 

 Engines: Diesel Electric 

 Cruise Speed: 25 knots 

 Crew: 1,101 

 Cabin: 1197 

4 Life cycle assessment of cruising ship superstructure 

4.1 Methodology 

Increased awareness of the importance of environmental protection and the 

possible impacts associated with products manufactured and consumed, has 

led to a demand for the development of methods to better comprehend and 

understand how to reduce these negative impacts. One of the techniques 

developed in response to this demand is Life Cycle Assessment, LCA. 

LCA is a technique for assessing the environmental aspects and potential 

impacts associated with a product by: 

 Compiling an inventory of relevant inputs and outputs of a system 

 Evaluating the potential environmental impacts associated with those 

inputs and outputs. 

 Interpreting the results of the inventory analysis and impact assessment 

phases in relation to the objectives of the study. 

 LCA facilitates the study of the environmental aspects and potential 

impacts throughout a product’s life from raw material acquisition 

through production, usage and disposal. 

 

LCA is one of several environmental management techniques and may not be 

the most appropriate technique to use in all situations. Generally the 

information developed in an LCA study should be used as part of a much more 
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comprehensive decision process or used to understand the broad of general 

trade-offs. Comparing results of different LCA studies is only possible if the 

assumption and context of each study are the same. 

4.2 LCA framework 

This section gives a brief presentation of the LCA framework and terminology, 

based primarily on ISO 14040 (2006). The following Figure 15 illustrates the 

framework and some applications of LCA as well, which are outside the 

framework. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure15. Phases of LCA 

 

A life cycle assessment includes four phases: 

1. Goal and scope definition. 

2. Inventory analysis, involving the compilation and quantification of inputs 

and outputs for a given product system throughout its life cycle. The 

inventory analysis results in a large table of all inputs to the system 

(resources, etc) and all outputs from the system (emissions, etc). 

3. Impact assessment, with the purpose of understanding and evaluating the 

magnitude and significance of the potential environmental impacts of a 

product system. This phase may include elements such as: 

Direct application: 

- Product development 

 and improvement 

-Strategic planning 

-Decision making 

-Marketing 

-Others 

 

Life Cycle Assessment Framework 
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3.1 Classification (in which different inputs and outputs are assigned to 

different categories based on the expected types of impacts to the 

environment). 

3.2 Characterization (relative contributions of each input and output to its 

assigned impact categories are assessed and the contributions are 

aggregated within the impact categories). 

3.3 Valuation (weighting across impact categories). 

4. Interpretation, in which the findings of either the inventory analysis or the 

impact assessment, or both, are combined in line with the defined goal and 

scope. 

 

An important feature of the LCA framework is the interpretation phase where 

overall conclusion from the study is to be drawn. These conclusions are 

supposed to be based on information from all other phases and elements of 

the LCA. To use a valuation method can be a way of analyzing the results. 

Results from the valuation can be conditional: if a certain valuation method 

with a certain set of values is used then a certain result is obtained. By using 

several valuation methods and sets of values, several results can be obtained, 

which can be used when conclusions are to be drawn and recommendations 

are to be made in the interpretation phases.  

4.3 Goal of the LCA study 

The main goal of this LCA study is to investigate the environmental impact for 

the origin superstructure in steel for Norwegian Gem and to compare this with 

a new design in composite sandwich material (Norwegian future). The 

superstructure that investigated is above deck 11. The assumed decrease in 

weight will be utilized as increased payload capacity, meaning an increase in 

number of cabins. A new deck will be added for Norwegian future. Technically, 

the fuel consumption of two superstructures versions is identical since the total 

weight of ship remains same approximately. With this follows an increase in 

number of passengers resulting in other effects as increase of personnel and 

services which should be included in the analysis as well. From an economical 
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perspective, those increased passengers will bring more profits for the cruising 

ship owners.  

 

Three processes are to be studied in the entire life cycle of superstructures, 

which contains manufacturing, operation and scrapping for waste treatment. 

Raw material acquisition and as well as energy consumption are included in 

manufacturing. For waste treatment of ship superstructures, two waste 

scenarios are to be analyzed in this study, with the purpose of analyzing 

different recycling ration could cause different environmental impact results to 

what extent. In the last overall results, which are the main objective in 

comparisons, it is often interesting to analyze the results in a more detailed 

way. Thus except for the conventional entire life cycle comparison result, some 

single phases are compared in the result.  

 

One of the other goals of this research has been to demonstrate and confirm 

that the LCA method is applicable for environmental life cycle evaluation for 

cruising ship superstructure. The research and results developed from this 

study is intended for applications related to new composite materials in ship 

manufacturing field. Results of this study may also be used as marketing 

strategies aim to influence eco-design and manufacture concept. Ship 

producers can consider the results shown in this study to create a sustainable 

method of lightweight structure shipping industry. Business marketers or ship 

owners can use these results to create marketing solutions for transporting 

more goods and passengers and do not make burden for environment 

deterioration in the meantime.  

4.4 Functional unit 

According to the ISO 14040-standard: A functional unit is a measure of the 

performance of the functional outputs of the product system. The primary 

purpose of a functional unit is to provide a reference to which the inputs and 

outputs are related. This reference is necessary to ensure comparability of 

LCA results. 
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LCA relates environmental impact to a product or rather to the function of a 

product system. Thus, there is a need to express the function in quantitative 

terms, as a functional unit. 

 

Since Norwegian Gem has different functions (transportation of passengers, in 

addition to being a moving sea hotel with all its facilities), it is difficult to give an 

exact recommendation of the best function unit. However, the main goal of the 

sponsor company of this project would like to transport more passengers to 

balance the ship weight lost because of light weight superstructure using, from 

a commercial perspective. Therefore, the functional unit of this LCA study 

would be per cabin. Considering the uniformity of data, the size of cabins is 

assumed to be the same in this research. 

4.5 Type of LCA 

This is a comparative LCA since this study will focus on the different cruising 

ship superstructure materials which are traditional steel and aluminum and 

new-type composite sandwich material. 

It is a cradle to grave assessment of the product. It includes entering of 

required data, which consists of energy requirements, materials used and its 

waste management till the end of the product life as a result of which could 

study their impacts on the environment. 

4.6 System Boundaries 

4.6.1 Time Boundaries 

This LCA would study the environmental impacts of Norwegian Gem with two 

different superstructures, traditional steel and aluminum and composite 

sandwich material. The ship operates almost every day and 350 days per year. 

The life time of the ship is 25 years.  
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4.6.2 Geographical Boundaries 

Norwegian Gem is a luxury cruising ship that moving mostly in the Atlantic 

Ocean and Caribbean Sea and takes New York as a departure point, shown in 

Figure16. It sails a variety of cruises to the Bahamas, Florida and the southern 

Caribbean, even various Mediterranean destinations for summer 2008. Now 

the most popular itinerary of Norwegian Gem is 7-day Bahamas and Florida 

round-trip New York. 

 

 

Figure16. Itinerary of Norwegian Gem 

4.6.3 Technical Boundaries 

In this LCA study, it has considered the cradle to grave impacts of this cruising 

ship but some sections have not been discussed.  

 

Since the superstructure under deck 11 is totally same, therefore in this LCA 

project, we only study environmental impacts of two type of superstructures 

distribution of areas above deck 11. Working environment has not been 

considered in this life cycle analysis as well. 

 

Moreover, this is a comparative life cycle assessment; mainly focus on the 

difference between two kinds of superstructures which may cause 

environmental influence respectively. Those which share the same process of 

two types of materials are not necessary to discuss. For instance, 

Transportation in fuel and construction material is not considered in this study 
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as we assume that technology and transportation process are the same. 

 

4.6.4 Allocation and Cut-Off Criteria 

Allocation problems may arises when the same material or process is used for 

multiple production, those impacts are divided or allocated into various 

products produced from that particular material or processes. In this LCA study, 

all materials and procedures adopted and shown in the whole lifecycle were 

used for and by separate processing methods and manufacturing, i.e., single 

process for single product. Therefore there was no need for allocation in this 

study.  

 

Similarly cut-off criteria have not been used as the whole process has been 

taken into consideration in the life cycle except for what has been excluded in 

system boundaries. 

4.7 Assumptions and Limitations 

A few assumptions have been made throughout the process which will be 

discussed in the next chapter. On the whole the main assumptions that have 

been made were due to limitations of data recourses. Assumptions have been 

made in the part of fuel consumptions; it has assumed that the engine type 

used in Norwegian Gem is same with Norwegian Jewel, which both of them 

belongs to the same company. 

 

The life span of the different version of ship is set to 25 years. The composite 

ship is estimated to be in service up to 30 or even 35 years, while calculating 

with 25 years might be rather optimistic for steel superstructure ship of that 

size, since fatigue is expected to become an inconvenience towards the end of 

its operational life. 

 

The cabins size is assumed same as the majority of the cabins are standard 
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size. It’s unsubstantial and unnecessary to consider all different size cabins.  

 

For the maintenance phase, both of two superstructure versions not consider 

maintenance part as the material used in this phase are much less compare to 

the whole hull maintenance. 

  

When the cruising ship docks in the harbor, it is assumed that the fuel 

consumption used for electricity generating or other energies are same for 

both two superstructures. This part is excluded since it is a comparative study. 

4.8  Life Cycle Impact Assessment  

The life cycle impact assessment aims at describing the environmental 

consequences of the environmental loads quantified in the inventory analysis. 

The impact assessment is achieved by “translating” the environmental loads 

from the inventory results into environmental impacts, such as acidification, 

climate change, effect on biodiversity, etc. The purpose is thus to make the 

results more environmentally relevant, comprehensible and easier to 

communicate. There are also some sub-phases of LCIA which are 

classification, characterization, normalization and weighting etc.  

4.8.1 Impact assessment method 

ECOINDICATOR 99 

Within the study the method Ecoindicator’99 for the impact assessment was 

used, the methodology within the method transforms the data of the inventory 

into different scores that can be aggregate according the need and choices of 

the user. (PRé Consultants, 2009). The methodology used in Ecoidicator’99 is 

compatible with ISO14042 and is a complete top-down impact assessment 

method with clear steps. Normalization and default weighting data is given and 

three (individualist, hierarchism and egalitarian) different perspectives that 

allow diverse assumption on the time perspective, among other key features 
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that made the method the most reliable within the market. (PRé Consultants, 

2009) 

 

Within the different steps the method used diverse information from sciences 

with the aim to carry out the Impact assessment; for example natural sciences 

to calculate the environmental impact, here impact categories like ecosystem, 

human health and resources taken into account. Within the next steps average 

European data is used when it comes to the exposure and effects (Baumann 

et al, 2004).  Weighting methods are used to point the seriousness of the 

damage related within the impact categories mentioned early in this paragraph. 

According to Baumann et al (2004) the cultural values play an important role in 

Ecoindicator’99 on the weighting process, were three different cultural 

perspectives are applied such as individualist, hierarchist and egalitarian with 

in the short and long term perspectives.  

4.8.2 Classification and Characterization 

In classification section, it should describe which flows contribute to each 

impact category. The contributions of the different flows to each impact 

category are aggregated. In this paper, the characterization categories that will 

be taken into account are global warming, acidification and eutrophication. 

They all play an important role in the life cycle of Norwegian Gem. These are 

some areas where Norwegian Gem is interested in reducing the environmental 

impacts. 

 

The following are the key parameters that has been analysed as they have 

particular relevance for the study due to the particularities of the system, and 

follow the ISO regulations (Baumann et al, 2004).  

  

1. Fossil fuels  

2. Minerals  

3. Land use 

4. Carcinogens 
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5. Climate change (global warming potential, GWP) 

6. Acidification / Eutrophication  

7. Radiation  

8. Resp. organics 

9. Resp. inorganic 

10. Ecotoxicity 

11. Ozone layer 

 

4.9 Normalization and Weighting 

4.9.1 Normalization 

Within the normalizations stage the result from the characterization are related 

to the total magnitude of the impact with in the country, region or globally, for 

example the eutrophication impacts from the study can be related to the total 

eutrophication in the country, according to Baumann,et al (2004) “it is more 

relevant when it is done between the total impact of the total use of the product 

and the total impact in the region” Baumann, H., & Tillman, A. (2004).p141. 

4.9.2 Weighting 

Weighting is the aggregation of characterization results across impact 

categories. It is excluded in this LCA study. 

5 Life Cycle Inventory Analysis 

In this chapter data are collected for modeling two different superstructure 

materials. It takes into account all calculations and assumptions in each 

construction, operation and maintenance phases. The various waste scenarios 

will also be discussed.  



27 

 

5.1  Process Flowchart 

 

 

 

  

 

Figure 17. Phases of the LCA 

The life cycle of this cruising ship has been divided into four phases: 

construction, operation, maintenance and scrapping as the Figure 17 above 

shows.  

 

Manufacturing 

First step is construction` of vessel superstructures for both two vessel 

versions, which includes all metals and materials (steel, aluminum etc) used 

and energy consumed.  

 

Operation 

The operation phase which include the daily use of the ship is in almost every 

aspect the phase with greatest environmental load. During operation, 

combustion of fuel takes place, light fuel oil would be consumed in terms of 

total weight of ships and transported passengers. In this study, both ships are 

assumed to travel the same distance and have same fuel consumption, but the 

overall number of passengers that carried will be different.  

 

Maintenance 

During operation stage minor work on the hull may be performed, for instance, 

metal erosions in sea water at the outer surface of ship’s hull. Larger repair 

work or re-building may occur as a part of maintenance.  

 

For composite superstructure material ship, it has a great advantage over 

Ship 

Manufacturing Operation Maintenance Scrapping 
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traditional steel superstructure ships. The maintenance fee has been greatly 

reduced because of corrosion resistance, rust resistance and highly 

strengthens performance embodies by composite material. Furthermore, the 

life time of ship with composite material could reach around 50 years and do 

not need maintenance frequently. Also, the cost of maintenance is quite low 

compared to steel structure. 

 

However, in this case, the mainly part we focus is superstructure of cruising 

ship, there are fewer repair work needed for ship superstructures, as well as 

less fewer repaired material. It only account for little fraction compared to the 

whole hull of ship. For this reason, the maintenance stage is not considered for 

both of two types of superstructures in this study. 

 

Scrapping 

At the end of the ship lifetime, the ship is transported to a yard for demolition. 

The waste is sent to different place where could be incinerated, land filled or 

recycled according to different designed scenarios. The mainly component of 

discarded ship are steel, but as well as a plenty of harmful substance 

(asbestos, PCBs etc). Hence the technical key point of demolition and 

recycling the waste is avoid pollution to environment and potential endangers 

to labor forces 
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5.2  The life cycle for steel structure 

 

 

 

 

 

 

 

Figure 18. Life cycle of Norwegian gem with steel superstructure 

 

The above Figure 18 shows the whole life cycle of cruising ship with the steel 

superstructure. In this scenario, manufacturing part includes raw material and 

energy input, fuel consumption and will be included in the ship operation part, 

and then a certain amount of material will be used to replace in the 

maintenance part. In the end of this cycle, material scrapping is taking place 

and the steel and other recyclable material will be sent for recycling.  

5.3  The life cycle for sandwich material structure 

The sandwich composite construction materials are consists of two 

fiber-reinforced polymer (FRP) laminate on each side of a core of lightweight 

PVC foam (in Figure 19). 
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Figure 19. Sandwich composite material used in this study  

The core material in the middle is normally low strength material, but its higher 

thickness provides the sandwich composite with high bending stiffness with 

overall density. The common used core material has PVC foam, balsa wood 

and syntactic foam. Glass and carbon fiber reinforced laminates are usually 

used as skin materials, sheet metal is used in some cases as well. In 

construction new green sandwich structure are also being introduced where 

the core is usually made from the natural material (balsa wood) and the skin is 

made from earth (clay) instead of cement with the purpose of making more 

environmental friendly.  

 

 

 

 

 

 

 

 

 

 

Polymer Fiber 

PVC 

+ 
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Figure 20.  Life cycle of Norwegian Future with sandwich superstructure 

 

In Figure 20, it presents the whole life cycle system of cruising ship with 

composite sandwich material superstructure. The overall system is similar with 

the steel version except the waste management part and material used.  

However, since composite material recycling is a new study field which needs 

professional technology to dispose, no matter from economical or 

environmental perspective, three scenarios of waste management process will 

be considered in the end of this system, which are landfill, recycling and 

incineration. Pollution issues will be caused if wastes are not treated 

appropriate and carefully.  

5.4  Data input 

5.4.1 Data for steel superstructure  
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Manufacturing 

Material/Process 
Total 

amounts 

Amounts 

per 

functional 

unit 

SimaPro 

Database 
Comments 

Steel low alloy ETH S 2050 ton 9300 kg 
ETH ESU 96 

System process 
N/A 

Aluminum 310 ton 1400 kg IDEMAT 2001 N/A 

Mineral wool ETH S 50 ton 364 kg 
ETH ESU 96 

System process 

Used for 

insulation 

Table 3. Data for manufacturing steel superstructure 

 

The above table 3 shows the input material data which used to construct the 

steel structure of cruising ship. Considering the functional unit of this study is 

cabin, all the data of material input in above table was calculated already, 

which are specified for one functional unit.  

 

On top 5 decks of Norwegian gem, there are approximately 220 cabins, among 

which two decks are public areas (restaurant, gym etc). Similarity, for 

Norwegian future with sandwich material, the total number of cabins above 

deck 11 is 420 since the new added deck has approximately 200 cabins. As 

mentioned in functional unit part, all cabins are consumed the same size for 

uniform reason.  

 

Operation 

In operation phase, fuel oil with low sulfur was used during the whole life time.  

Since the fuel assumption data of Norwegian Gem is unavailable, we take the 

fuel data of Norwegian Jewel as a reference. It was chosen because that the 

general characteristics of Norwegian Jewel are quite similar with Norwegian 

Gem and both of them are operated by Norwegian Cruise Line Company. 

Hence it is assumed that Norwegian Gem consumed the same amount of fuel 

with Norwegian Jewel in this LCA study. 

According to the characteristics of Norwegian Jewel, there are four diesels 

engines (V48/60CR) combined 72000KW adopted in operation process. In 
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table 4 presents the power value of engine V48/60CR, here 85% power was 

taken for calculation of fuel consumption.  

 

V48/60CR 

100% Power 85% Power 

178 g/kwh 174 g/kwh 

Table 4. Specific fuel consumption of V48/60CR engine (From Meyer Werft Company) 

 

In this study, it is considered that the life span of ship is 25 years. Except 

approximately two weeks of maintenance period of cruising ship every year, 

the total operation time is almost 350 days per year. However, on account of 

the majority of Norwegian gem itinerary is round trip, which means the ship will 

dock at different ports for several days in each trip. In the period of docking, 

fuel might be consumed for production of electricity or other energy in the 

harbor. But this is not included in this case since it is a comparative study. 

Three most frequent itinerary scenarios were chosen to calculate the sailing 

time ratio of each trip, in order to make an assumption of sailing days of 

Norwegian Gem in its life time. The following is the specific information of three 

itineraries.  

 

Itinerary Sailing time Total Trip time Sailing time (%) 

7-Day Bermuda, 

Round trip, New 

York 

103 hours 160 hours 64% 

7-Day Bahamas 

& Florida, Round 

trip, New York 

139 hours 160 hours 87% 

9-Day Eastern 

Caribbean, 

Round trip New 

York 

165 hours 280 hours 79% 

Mean value:   77% 

Table 5. Sailing time calculations of three itineraries 
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According to the above results of three itineraries, it was assumed that the 

actual operation time per year is 270 days (77%*350 days). So on the basis of 

calculation, the total fuel consumption of Norwegian Gem in its entire life time 

is 6.9E6 ton, see Table 6. 

 

Material/Process 
Total 

Amounts 

Amounts per 

Functional 

Unit 

SimaPro 

Database 
Comments 

Fuel oil low S 2000 
refinery CH S 

 6.9E6 ton 5765 ton/F.U 

ETH-ESU 96 
System 
processes 

N/A 

Table 6. Data for steel superstructure operation phase 

Recycling 

At the end of ship life cycle the steel structure will be sent to break or 

demolition, with the hulls being discarded in ship graveyards. Ship breaking 

allows materials from the ship, especially steel and aluminum, to be recycled. 

Equipment on board can also be reused. Take the steel for example, 90% of 

steel could be recycled to reuse.  

5.4.2 Data for sandwich material superstructure 

Manufacturing  

 

The table 7 shows the data that has been taken from the SimaPro and used to 

manufacture the composite superstructure ship. Steel consumed in this 

superstructure is used for strengthening the whole superstructure. 
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Material/Proc

ess 

Total 

Amounts 

Amounts per 

Functional Unit 

Reference 

(SimaPro) 
Comments 

Steel low 

alloy ETH S  
69600 kg 165.7 kg ETH ESU 96 

The steel is 

used for 

strengthening 

superstructure 

Glass fiber I  555600 kg 1322.9 kg IDEMAT 2001  

Polyester 

resin, 

unsaturated, 

at plant/ 

RER S 

360000 kg 857.1 kg 

Ecoinvent 

system 

processes 

 

Epoxy resin  60200 kg 143.3 kg Industry data 
For structural 

adhesive 

Polyurethane, 

rigid foam, at 

plant/CH S 

270250 kg 643.5 kg 

Ecoinvent 

system 

processes 

Used for Core 

material 

Mineral wool 

ETH S 
472800 kg 1125.7 kg 

ETH ESU 96 

System 

process 

Used for 

insulation 

Table 7. Data for manufacturing of sandwich material superstructure 

 

Operation 

Theoretically speaking, the fuel consumption for composite material 

superstructure is the same with the steel structure, since the total weight of 

cruising ship is not changed. But for each functional unit, the amount of fuel 

consumption has decreased due to the number of cabins increased, see 

Figure 8. Here it is assumed that the total cabins of Norwegian Future are 

1397 (1197+200). 

 

Material/Process 
Total 

Amounts 

Amounts per 

Functional 

Unit 

SimaPro 

Database 
Comments 

Fuel oil low S 2000 

refinery CH S 
6.9E6 ton 4939 ton 

ETH-ESU 96 

System 

processes 

N/A 

Table 8. Data for composite material superstructure operation phase 
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Scrapping 

Although composite material has various good performances compared to 

traditional steel and aluminum, it has a negative impact that not easy to recycle. 

Nowadays, the new technology and methods of recycling composite materials 

has become a hot research topic in many countries. The biggest obstacle of 

recycling composite material is cost and good techniques without 

contaminating the environment.  

 

At present, most of used composite materials are thermoses 

based-composites, which are difficult to recycle. Landfill and incineration are 

the most commonly treatment means of composite material. Recycling only 

takes up a small portion. In this superstructure study, since a number of steel 

was used to reinforce the whole structure of cruising ship, as well as other 

recyclable materials.  

 

In this LCA study, two scenarios are selected to see the diversity of ultimate 

environmental impact results. The following two tables show the different ratio 

of three waste process of disposal for sandwich material superstructure. The 

current situation of composite waste disposal is presented in table 9. While In 

table 10, recycling part ratio increased to 40% due to new technology method 

adoption, so landfill and incineration scenarios which are less environmental 

friendly decreased accordingly (the total percentage are 100%).   

 

Waste Scenarios 1 Percentage 

Landfill CH/S 40% 

Incineration/CH S 40% 

Recycling only B250 avoided 20% 

     Table 9. Waste scenarios 1 for sandwich material structure disposal 
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Waste Scenarios 2 Percentage 

Landfill CH/S 25% 

Incineration/CH S 25% 

Recycling only B250 avoided 50% 

Table 10. Waste scenarios 2 for sandwich material structure disposal 

6 Life cycle interpretation 

This chapter is based on results from SimaPro software and also some 

suggestions in order to reduce the environmental impacts further.  

6.1 Results 

Upon completion of the LCA analysis with SimaPro, significant positive and 

negative effects of the stages in the life cycle for comparison of traditional steel 

superstructure and composite material superstructure have been identified 

and subsequently shown. All these results are runned according to the 

Eco-Indicator 99 H/H method. The specific value of each category for every 

figure in results could be seen in the Appendix. 

6.1.1 Comparison of manufacturing phase  

In this result, only manufacturing phase are compared between steel 

superstructure and composite material structure. Figure 21 shows the different 

environmental impacts categories ratio of two types of superstructure. It 

obviously displays that steel superstructure has much more environmental 

impacts than composite material version except fossil fuels category. The 

differential are relative large. The majority categories of steel structure have 

100% impact to environment. For fossil fuel category, the environmental 

impact reaches to 100% while a slightly decrease for steel superstructure. In 
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Figure 22, each single category is showed for two types of superstructures. It 

shows that the fossil fuel category has the largest impacts compared to other 

categories for both two structures. For steel structure, it reaches 799, while 

835 for composite structure (see appendix).  

 
Figure 21. Manufacturing phase comparison for steel structure and sandwich structure, 

Characterization (red color represents manufacturing of steel structure and green color 

represents manufacturing of composite material structure) 

 

Figure 22. Manufacturing phase comparison for steel structure and sandwich 

structure, Single score 
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6.1.2 Comparison of entire life cycle (Waste Scenario 1) 

The following two figures are the entire life cycle comparison results. Generally, 

the traditional steel superstructure has more environmental impacts than 

composite superstructure. However, the difference of several categories is not 

as large as comparing manufacturing phase. As can be seen from Figure 23, 

the biggest impact category of composite material superstructure to 

environment is climate change, and followed by resp. organics. In Figure 24, 

the amount of fossil fuel value of steel structure is 1.6E6 and 1.27E6 for 

composite structure, which have not big difference. This might be explained by 

the operation phase, there is a huge amount of fuel consumed for the entire life 

cycle for both two types of superstructure ships. For this reason, it makes a 

large influence on climate change, ozone layer and fossil fuel, since these 

three categories are closely connected with fuel consumptions.  

 

Figure 23. Life cycle comparison-waste scenario 1, Characterization 
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Figure 24. Life cycle comparison-waste scenario 1, Single score 

6.1.3 Comparison of entire life cycle (Waste Scenario 2) 

To make a comparison between two waste treatment scenarios, which 

increase the recycling ratio for composite structure to 50% from 25%. The 

following Figure 25 present the results for waste scenario 2 of composite 

material superstructure, the steel structure remain unchanged. It is interesting 

to find that the category of climate change has a greatly decrease compared to 

waste scenario 1, from 1.67 of waste scenario 1 drop to 1.38. The other 

majority categories have slightly decreased for environmental impacts as well. 

Therefore, it is proved that increasing recycling ratio of composite material 

structure waste could make a less influence on the environment. 
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Figure 25. Life cycle comparison-waste scenario 2, Characterization 

6.1.4 Comparison of entire life cycle (Include long-term emissions) 

Since all the above three comparisons are exclude long-term emissions, a 

circumstance of considering long-term emissions are chosen to display a 

diverse results. In this case, the waste treatment of composite material 

structure are using scenario 1. In the characterization results of Figure 26, it is 

very interesting to find that two categories of Norwegian Future have higher 

environmental impacts than Norwegian Gem for the first time, which is 

carcinogens and ecotoxicity. It has a possibility that because a number of 

composite materials used in ship manufacturing stage, these composite 

material wastes disposed with landfill or incineration means caused potential 

endanger over a long period of time. In normalization of Figure 27, results 

show that the impact categories that are most significantly affected are fossil 

fuels, which has 5.32E3 for Norwegian Gem while 4.22E3 for Norwegian 

Future. 
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Figure 26. Life cycle comparison-long term emission included, Characterization  

 

Figure 27. Life cycle comparison-long term emission included, Normalization  

 

6.1.5  Comparison of manufacturing and operation phase 

To investigate which phase has more influence on environment, a comparison 

of manufacturing and operation phase of two versions are showed in the 

Figure 28. Obviously, the operation for steel and composite material has 

considerable impacts to environment in contrast with manufacturing phase. 

The most prominent impacts of these are operation for steel structure 
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(represented in yellow color) and then followed by operation for composite 

structure (represented in blue color). The manufacturing phase has much less 

influence which is even unable to see in the figure. 

 

Figure 28. Comparison of manufacturing and operation phase for two versions 

 

7 Conclusion and Discussion 

With regard to the aims set out at the beginning of this study, the following 

conclusions were obtained from the research and analysis, and thus the most 

significant impacts were identified. 

 

On comparison it was found that the composite sandwich material 

superstructure has less impact to surroundings for the whole life cycle in 

generally. And it also concludes that the operation phase contributed mostly 

for the overall impact of the ship life cycle. That is the same meaning that the 

category of fossil fuel accounts for the largest percentage among all other 

categories when compared the whole life cycle of two superstructure versions. 

 

Moreover, when compared with two different waste treatment scenarios of 
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composite material superstructure, it was found that increase the ratio of 

recycling section would have less influence on surroundings. It could study the 

possibilities of replacing it with more environmental friendly or natural fiber 

core materials. A few cases are used balsa wood for example. And also, new 

research is being done on introducing more organic polyester. The impacts of 

the polyester skin can be reduced using bio-polyester but a lot of researches 

need to be done. Today, there is still no market for recycled composite material 

yet due to small quantities of waste and lack of infrastructure. Market and 

legislations these external factors could also influence the end of life treatment. 

 

For considering the long-term emissions, a few environmental aspects of 

composite material would have much more impacts to surroundings since the 

waste disposal techniques are less green than steel superstructure.  

 

At last but not least, for any life cycle assessment, the figures presented in the 

text are to be handled carefully. The results heavily depend on the input data, 

which is frequently based on assumptions and estimated figures of complex 

processes. 
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9 Appendix 

Impact Category Unit Norwegian Gem 

with steel 

Norwegian Future 

with composite 

Carcinogens DALY 0,00374 0,00048 

Resp. organics DALY 0,00211 0,00182 

Resp. inorganics DALY 0,0141 0,00609 

Climate change DALY 0,00643 0,00274 

Radiation DALY 0,000104 0,00325 

Ozone layer DALY 0,000522 0,000017 

Ecotoxicity PAF*m2yr 17300 2390 

Acidification/ 

Eutrophication 

PDF*m2yr 408 205 

Land use PDF*m2yr 716 64,6 

Minerals MJ surplus 3280 222 

Fossil fuels MJ surplus 22400 23400 

Table 1. Manufacturing phase comparison for steel structure and sandwich structure, 

Characterization 

 

Impact Category Unit Norwegian Gem 

with steel 

Norwegian Future 

with composite 

Total Pt 1610 1060 

Carcinogens Pt 73,1 8,95 

Resp. organics Pt 0,412 0,356 

Resp. inorganics Pt 276 119 

Climate change Pt 126 53,5 

Radiation Pt 0,33 0,185 

Ozone layer Pt 0,102 0,0331 

Ecotoxicity Pt 135 17,6 

Acidification/ 

Eutrophication 

Pt 31,8 16 

Land use Pt 55,9 5,04 

Minerals Pt 117 7,94 

Fossil fuels Pt 799 835 

Table 2. Manufacturing phase comparison for steel structure and sandwich structure, 

Single score 
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mpact Category Unit Norwegian Gem 

with steel 

Norwegian Future 

with composite 

Carcinogens DALY 0,582 0,256 

Resp. organics DALY 0,0671 0,0571 

Resp. inorganics DALY 7,05 3,3 

Climate change DALY 1,79 1,67 

Radiation DALY 0,0101 0,00352 

Ozone layer DALY 0,0319 0,0274 

Ecotoxicity MJ surplus 2,95E6 1,3E6 

Acidification/ 

Eutrophication 

MJ surplus 1,52E5 1,01E5 

Land use PAF*m2yr 9E4 4,53E4 

Minerals PDF*m2yr 1,13E6 2,36E5 

Fossil fuels PDF*m2yr 4,47E7 3,55E7 

Table3. Life cycle comparison-waste scenario 1, Characterization 

 

 

 

Impact Category Unit Norwegian Gem 

with steel 

Norwegian Future 

with composite 

Total Pt 1,86E6 1,4E6 

Carcinogens Pt 1,14E4 5E3 

Resp. organics Pt 1,31E3 1,12E3 

Resp. inorganics Pt 1,38E5 6,45E4 

Climate change Pt 3,49E4 3,26E4 

Radiation Pt 197 68,8 

Ozone layer Pt 624 536 

Ecotoxicity Pt 2,3E4 1,01E4 

Acidification/ 

Eutrophication 

Pt 1,19E4 7,84E3 

Land use Pt 7,02E3 3,53E3 

Minerals Pt 4,03E4 8,42E3 

Fossil fuels Pt 1,6E6 1,27E6 

Table4. Life cycle comparison-waste scenario 1, Single score 
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Impact Category Unit Norwegian Gem 

with steel 

Norwegian Future 

with composite 

Carcinogens DALY 0,582 0,232 

Resp. organics DALY 0,0671 0,0568 

Resp. inorganics DALY 7,05 3,24 

Climate change DALY 1,79 1,38 

Radiation DALY 0,0101 0,00344 

Ozone layer DALY 0,0319 0,0274 

Ecotoxicity MJ surplus 2,95E6 1,29E6 

Acidification/ 

Eutrophication 

MJ surplus 1,52E5 9,77E4 

Land use PAF*m2yr 9E4 4,36E4 

Minerals PDF*m2yr 1,13E6 2,34E5 

Fossil fuels PDF*m2yr 4,47E7 3,54E7 

Table 5. Life cycle comparison-waste scenario 2, Characterization 

 

 

Impact Category Unit Norwegian Gem 

with steel 

Norwegian Future 

with composite 

Carcinogens DALY 0,604 2,06 

Resp. organics DALY 0,0671 0,0571 

Resp. inorganics DALY 7,05 3,3 

Climate change DALY 1,79 1,67 

Radiation DALY 0,0355 0,0154 

Ozone layer DALY 0,0319 0,0274 

Ecotoxicity MJ surplus 3,45E6 9,37E6 

Acidification/ 

Eutrophication 

MJ surplus 1,52E5 1,01E5 

Land use PAF*m2yr 9E4 4,53E4 

Minerals PDF*m2yr 1,13E6 2,36E5 

Fossil fuels PDF*m2yr 4,47E7 3,55E7 

Table 6. Life cycle comparison-long term emission included, Characterization 
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Impact Category Unit Norwegian Gem 

with steel 

Norwegian Future 

with composite 

Carcinogens  39,3 134 

Resp. organics  4,37 3,72 

Resp. inorganics  459 215 

Climate change  116 109 

Radiation  2,31 1,01 

Ozone layer  2,08 1,79 

Ecotoxicity  67,3 183 

Acidification/ Eutrophication  29,7 19,6 

Land use  17,5 8,83 

Minerals  134 28,1 

Fossil fuels  5,32E3 4,22E3 

Table 7. Life cycle comparison-long term emission included, Normalisation 
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