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How can we achieve this?

Figure 1: Framework of LCA (Hauschild, M. 2018)

Compare the environmental impact of the steel 
and concrete barges in the same scenario.

Goal    
definition



How can we achieve this?

Figure 1: Framework of LCA (Hauschild, M. 2018)

600T barges.                                                          
Steel and concrete materials for both main structures 
(including painting)

Scope 
definition



How can we achieve this?

Figure 1: Framework of LCA (Hauschild, M. 2018)

Data from:

• Production process and documentation

• EPDs (Environmental Product Declarations) from 
suppliers

• Generic datasets for LCA

Inventory 
analysis



How can we achieve this?

Figure 1: Framework of LCA (Hauschild, M. 2018)

10 impact categories
Impact 

assessment
• GWP = Global Warming Potential
• ODP = Ozone Depletion Potential
• AP = Acidification Potential
• EP = Eutrophication Potential (freshwater, marine & 

terrestrial)
• POCP = Photochemical oxidation
• ADP = Abiotic Depletion Potential (minerals & fossil)
• WDP = Water Deprivation Potential

Global Warming Potential

Accumulated warming effect in relation to 
CO2 over a selected period of time.



How can we achieve this?

Figure 1: Framework of LCA (Hauschild, M. 2018)

Results:

• Steel vs Concrete

Interpretation

Sensitivity Analysis:

• Energy use by customer during use phase 
(electricity & 100% diesel)

• Life extension for steel barge
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What is sensitivity analysis in LCA? Sensitivity analysis is a method of testing how the LCA results change when you vary one or more input parameters or assumptions. For example, you can change the allocation method, the functional unit, the system boundaries, the data sources, or the impact assessment method.



Product stage Construction 
installation stage End of life

Beyond the 
system 

boundaries

The scenario

Use stage

Data collected on 
meetings with both 

production sites 
(Haugesund and Poland)

Data and assumptions 
collected on meetings 

with both production sites 
(Haugesund and Poland)

Data collected from a customer survey, then confirmed with the production 
sites and documentation

Data and scenarios obtained from 
LCA.no platform (based on most 

common end-of-life scenarios for steel 
and concrete)
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Steel: Fosen Recycling As, Revsnes
Concrete: AF Environmental Base Vats, Nedre Vats

Slides with:
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Update the values 
What is a sensitivity analysis
Mention the names of the barges in the economic comparison




Product stage 

Raw materials

Raw materials 
transport

Product 
Manufacturing

Construction 
installation stage

Product 
transport to 
costumer

Construction 
& Installation

Use

Maintenance

Repair

Replacement

Refurbishment

Operational 
energy use

Operational 
water use

End of life

De-
construction & 

Demolition

Transport of 
Products & 
Equipment

Waste 
processing

Disposal

Beyond the 
system 

boundaries

Reuse –
Recovery –
Recycling -

potential

Everything 
assumed by 
Truck

Only main structure, 
no outfitting or other 
components included

Only main structure, 
no outfitting or other 
components included

Steel: cutting, 
abrasive blasting, 
welding, painting, 
electricity
Concrete: Cutting, 
formwork, electricity

Place assumed: 
Florø

Steel: Transport to drydock, 
cleaning (hydro blasting), 
and painting (antifouling) in 
the underwater area (every 4 
years)

Concrete: underwater 
cleaning with divers on site 
(every year)

Assumption: Diesel as 
energy source

The barge works only 
with diesel (most 
common scenario)

100000 liters/year

Place assumed: 
Drydock in Florø

Steel: 90% steel to 
recycling, incineration of 
hazardous waste from 
painting. 
Concrete: Demolition of 
concrete, 90% steel to 
recycling. 

Steel: 10% steel to 
landfilling 
Concrete: 32% 
concrete and 10% 
steel to landfilling

Steel: 90% used as 
substitution of primary 
steel with net scrap
Concrete: 68% used as 
substitution of primary 
aggregates, gravel 
round

The scenario

* Assuming both barges with 50 years lifespan
* Pre-war scenario for the steel barge production

2.5 steel barges are 
needed in 50 years

Transportation assumed 
by Truck from the 
drydock. 

Places assumed for 
waste processing:

Steel: Fosen Recycling 
As, Revsnes
Concrete: AF 
Environmental Base 
Vats, Nedre Vats

Use stage
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Steel: Fosen Recycling As, Revsnes
Concrete: AF Environmental Base Vats, Nedre Vats
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Results – Steel vs Concrete
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Results – Steel vs Concrete
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1.5 units more

The “Materials, transport RM, production, 
and transport FC” bars represent the 
construction of one barge, while the 

replacement shows that we need 1.5 units 
more for 50 years lifespan.



Results – Steel vs Concrete
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Conventional diesel-powered boats 
(most common scenario)

The results are not very different 
considering that the concrete barge 
travels 7 times less distance. 
Concrete barge is approx. 3 times 
heavier, then more fuel is needed.

Tugboat

Concrete: ~242 km
Steel: ~1746 km



Results – Steel vs Concrete
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Steel
Production of steel
accounts for 7-9%
of global CO2
emissions

Steel is made from coal,
iron ore, and limestone
that are extracted from
multiple locations

A complex process
and use of heat
contribute to have
larger CO2 emissions

Blast furnace that are
used to transform
iron ore into steel



Sensitivity 
analysis

Method of testing how the LCA results change 
when varying one or more input parameters or 

assumptions.



1542% 

Including energy use by the costumer (100% diesel)
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Life extension – Steel barge (+10 years)
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Life extension – Steel 
barge

(+10 years)

Including operational 
energy use
(100% electricity)

Summary results (GWP)

Scenario Steel barge Concrete barge

Barge

~5 189 149
kg CO2 -eqSteel vs Concrete ~1 146 880

kg CO2 -eq

Including operational 
energy use

(100% diesel)

~23 263 292
kg CO2 -eq

~18 824 352
kg CO2 -eq

~5 987 273
kg CO2 -eq

~1 548 333
kg CO2 -eq

~3 731 496
kg CO2 -eq

348% 1541% 

74% 92% 

28% 



Alternatives



Alternatives

Tugboat

• Electric-powered tugboats

• Supplementing diesel with
sustainable biofuels

• Hydrogen from renewable
energies

• HVO biofuels and methanol

• Hybrid propulsion
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the over-extraction of minerals, fossil fuels and other non-living, non-renewable materials which can lead to exhaustion of natural resources
Consumption of fossil energy resources is expressed as ADPE. Included fossil resources in the category are oil, natural gas, coal and peat. ADPE quantifies the total potential direct and indirect consumption of energy resources used both as energy carrier and as a raw material for the product system. MJ fossil fuels are used as a unit for the indicator. This category does not include the consumption of renewable energy resources.


New materials to make ships more sustainable and less noisy for marine life | Research and Innovation (europa.eu)



Conclusions
• The results shown are based on the main structure,

then the carbon footprint of the barges can be
different when including all the components.

• In terms of the main structure, the concrete barge
has a lower carbon footprint than the steel barge.

• The energy source used by the costumer has a big
impact on the overall carbon footprint of the
product.

• There is a certain degree of uncertainty in the
results due to the assumptions considered for the
analysis.

• It is important to improve the traceability of the
data with the suppliers. Several challenges to
collect the data when they don’t have EPDs
published, and the main process is being
outsourced.

• Customers think that it is relevant that suppliers
provide environmental documentation about their
products.

• However, when it comes to choosing a barge, the
environmental perspective is important, but there
are many other variables involved in the decision.
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Consumption of fossil energy resources is expressed as ADPE. Included fossil resources in the category are oil, natural gas, coal and peat. ADPE quantifies the total potential direct and indirect consumption of energy resources used both as energy carrier and as a raw material for the product system. MJ fossil fuels are used as a unit for the indicator. This category does not include the consumption of renewable energy resources.
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Questions? Thank you 



Mapping of HSE-culture 
in ScaleAQ

Kine Kringen



Background
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The aquaculture industry has experienced significant growth over the past decades and also has the potential for further expansion. However, this cannot be achieved sustainably without addressing the United Nations Sustainable Development Goals 3 (Good Health), 5 (Gender Equality), and 8 (Decent Work and Economic Growth). This can be achieved by focusing on creating a strong culture of Health, Safety, and Environment (HSE). 
  
In Norway, aquaculture is the industry with the second-highest number of accidents per year, second only to fisheries. Injuries and poor HSE practices have no place at ScaleAQ in 2023. Because the company do care, we are now cleaning up our own house, but at the same time, we have a goal of contributing to making the industry safer. 



HSE-culture

Reporting

Fair

Flexible

Learning
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In the report I have written a definition for HSE-culture. I won’t use my time to go into this, but the essence is based on Reason's typology of characteristics of a good HSE culture. It states that a good HSE culture is an informative culture consisting of the following dimensions: 
Reporting (that include an effective reporting system and reporting procedures) 
Fair (that means to promote fairness within the organization) 
Flexible (that means being adaptable to rapid changes in the environment) 
Learning (that means to have the ability to learn from and question one's own practices and interaction patterns) 




Mapping method
→ The sample

→ Quantitative method
→ Survey

→ n = 90 (32%)

→ Qualitative method
→ Semi structured interviews 

→ n = 16
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Due to the time constraints of this project, it was not feasible to examine the entire ScaleAQ Group. ScaleAQ Seabased in Norway was chosen as the sample due to its accessibility from my workplace in Trondheim, and also because many employees in this part of the company are exposed to significant risks in their work. Although it is desirable to assess the HMS culture across the entire ScaleAQ Group, the focused perspective we find in Seabased serves as a good starting point. 
  
As of July 31, 2023, the sample consisted of 281 individuals. To conduct the assessment in the best possible manner, both qualitative and quantitative research methods were employed. For the quantitative investigation, a survey was administered to all employees in Norway. This survey received 90 responses, resulting in a response rate of 32%. Distribution across locations and other relevant statistics are depicted in the two bottom charts presented here. 
  
For the qualitative research, 16 semi-structured interviews were conducted, of which three individuals had some degree of personnel responsibility. The distribution across various positions was otherwise even. An overview of the regions they are associated with is shown at the top here. 



Where we 
succseed
→ Well-being at work

→ Feeling of security

→ Communication 

→ Knowledge of the SR
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The survey results highlight ScaleAQ's success in several aspects of the HSE culture and illustrates that while improvements are needed, not everything requires change. 
  
The survey revealed that 85,5% rate their workplace well-being as very good or good. This suggests that we excel in factors contributing to a positive work environment. 

Trust in colleagues also fosters satisfaction and well-being. The quantitative survey indicated that 88.9% trust that their leaders prioritize their safety, and 81.1% feel supported in HSE challenges and needs. A respondent's comment, "Equipment is provided if needed," which reflects this. We also know that employees feeling their leaders have their best interests at heart enhances their overall safety. 
  
Safety is further promoted by safe practices. Although only 53.4% find their daily procedures easy or very easy to follow, improvements have already been made in some degree. In addition, a respondent noted reduced use of harmful chemicals and visible safety data sheets and first aid equipment across departments. Another mentioned clear signage on locations. 
  
Now let’s look at how we succeed in terms of communication. Regular meetings to discuss HSE, daily within some workgroups, contribute to effective internal communication, as many employees acknowledge. This communication knowledge is prevalent among ScaleAQ staff. The report showcase challenges in establishing such regular meetings for some workgroups due to culture. The success some groups have in maintaining such meetings demonstrates that alongside communication-skilled employees, internal examples prove feasibility.
  
The upcoming section on measures will discuss enhancing the visibility of safety representatives and the WEC. Notably, 73.3% know their safety representative, indicating a good starting point, despite room for improved visibility.



Measures and 
recommendations
→ Procedures and compliance

→ Use of safety equipment

→ Deviation reporting
→ EQS and follow-ups

→ Transfer of experience
→ Training

→ SR and WEC

→ Increased focus
→ Cognitive shift
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I will now provide a brief overview of some of the problem areas I have identified based on the survey results and data analysis. 
Let's begin with actions and recommendations within one of the themes that the assessment focuses on: procedures and compliance. 
Improving Use of Protective Equipment 
Only 54.4% regularly use mandatory protective equipment. This requires urgent measures. The analysis shows that usage correlates with autopilot behavior and experience-based judgments. In the construction industry, use of video courses have demonstrated the power of real-life incidents and offers an insights into equipment usage consequences. I would consider adopting such impactful videos to reinforce a robust HMS culture. In addition to the benefits this will give ScaleAQ, sharing these initiatives across the industry can foster overall safety.  

Moving on to the next theme, deviation reporting
Challenges with Reporting System 
An efficient reporting culture relies on a functional reporting system for reporters, incident handlers, and data analysts. The current EQS reporting system is suboptimal, hindering a reporting culture. One should therefore include employees if this system is being updated to make sure it works well for all work groups.
  
Insufficient Report Follow-Up 
Only 42.2% of survey participants feel reports are followed up in a good way, indicating a need for improvement. Engaged leaders who communicate HSE matters effectively are those that tend to follow up reports better according to the analysis. Because of this, attitude change and standardized incident handling procedures are necessary. 
    
Moving on to transfer of experience
Training's Crucial Role 
Training is vital in driving the discussed attitude change and forming the foundation for employees’ HSE approach. Presently, training lacks structure and heavily relies on tacit knowledge. Enhancing structure for new hires and increasing procedure visibility fosters confidence during the onboarding process. An interviewee shared that they stoped asking questions after a point to avoid seeming slow. Clear, accessible procedures can provide new employees with a safety net when uncertainty arises to avoide cases like this.  
  
Enhancing Safety Representatives and AMU Visibility 
The analysis shows a link between knowledge of safety representatives and well-being. Even though 73,3% states that they are familiar with their safety representative, both safety representatives and WEC need higher visibility within ScaleAQ. Boosting the visibility of safety representatives and WEC primarily hinges on effective communication. This responsibility extends beyond HSE workers or safety representatives. All leaders should communicate their work to the workforce, emphasizing contributions to a better work environment. 

At last we got increased focus
Cognitive shift 
Attitude change involves a cognitive shift challenging ingrained assumptions to foster new HSE perspectives. This shift entails adjusting behavior and thoughts to adapt to changing environments. It prompts self-awareness, gradually shaping attitudes rooted in behavior and thoughts. In the report you will find additional information about how ScaleAQ can achieve this cognitive shift. 

Through the common denominator of the mentioned measures and those that didn't make it into this presentation, the tools of communication, trust, participation, learning, and motivation emerge. 



Conclusion
→ Leadership awareness and 

engagement 

→ Cognitive shift
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Overall, the findings in the report underline the role of leadership support and personal engagement in shaping employees' attitudes towards safety measures, while highlighting the need for continuous evaluation and adaptation in fostering a robust HSE culture. 
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