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EXECUTIVE SUMMARY 

Nations and organizations continue to set higher goals for renewable energy adoption and emis-
sion reduction to mitigate the impacts of climate change. For instance, the European Union's 
20% renewable energy target for 2020 was increased to at least 32% by 2030. The target was 
then further adjusted to a minimum of 40%. 

In this context, it's critical to recognize that the environmental impacts of energy production ex-
tend beyond operational phases. Innovative technologies may substantially reduce emissions in 
a project's fabrication and transportation stages. Adopting environmentally friendly steel pro-
duction methods and alternative vessel fuels presents options for overall life-cycle reductions. 
This study suggests that the value may reach 60% of total CO2 equivalent emissions, depending 
on the application.f 

The emission reductions come with expected cost increases. However, the estimations repre-
sent an initial assessment based on the current state-of-the-art technologies. Future advance-
ments or broader industry adaptation of production techniques and fuels may offer opportunities 
to align environmental goals with cost-effectiveness. 
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1. INTRODUCTION 

As the world focuses on limiting the impacts 
of climate change, countries and organiza-
tions keep setting higher bars to reach re-
newable energies and emissions. For in-
stance, building on the 20% target for 2020, 
the recast Renewable Energy Directive 
2018/2001/EU [1] established a new binding 
target for the EU to reach a minimum renew-
able energy share of 32%. In July 2021, this 
number was increased to at least 40% by 
2030 [2]. 

Within this context, it should be noted that 
the emissions of renewable energy units are 
not limited to their operational phase. Vari-
ous factors, such as production methods 
and transportation, affect the total carbon 
footprint throughout their life cycles. For 
this reason, the challenge of emission re-
duction needs to be considered holistically. 

After commissioning, each energy produc-
tion unit goes through eight stages, with an 
associated CO2 equivalent emission level. In 
fabrication, the material is produced to be 
used in manufacturing. Once the manufac-
turing process is complete, the components 
are transported and assembled. The unit be-
comes functional once installed in the des-
ignated location. Its life cycle involves sev-
eral operation and maintenance cycles, fol-
lowed by decommissioning. An opportunity 

is present throughout these stages to imple-
ment carbon reduction measures and re-
duce overall emissions. 

This report presents a case study from this 
perspective, analyzing carbon reduction 
measures for a wind farm. It delivers a pre-
liminary overview of how implementing car-
bon reduction technologies would affect 
emissions and costs. It briefly describes the 
technologies involved, presents four sce-
narios, and provides comparative results.  

2. EMISSION REDUCTION PATHS 

The eight stages of a wind farm’s life cycle 
are presented in Figure 1, where each step 
has an associated CO2 equivalent emission 
level. Among the stages, fabrication, 
transport, and installation present signifi-
cant opportunities for implementing emis-
sion reduction strategies. The conventional 
approaches and an alternative solution for 
these stages are described below. 

2.1 Fabrication 

The offshore sector primarily relies on steel 
as its building material. Out of the possible 
options, the blast furnace basis oxygen fur-
nace method (IBF-BOF) has a high current 
industry adaptation rate of 72% [3]. As an al-
ternative, an electric arc furnace (EAF) can 
be combined with direct reduced iron (DRI) 
and hydrogen (H2), resulting in a complete 

 

 

Figure 1: Lifecycle of a wind farm where the focus of this emission reduction study is marked 
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replacement of fossil fuels with renewable 
energy. 

2.1.1 Integrated Blast Furnace Basis Oxy-
gen Furnace– IBF-BOF 

The IBF-BOF process involves two main 
stages: the blast furnace stage and the oxy-
gen furnace stage. In the blast furnace 
stage, iron ore, coke, and limestone are fed 
into a blast furnace, where they are heated 
to extremely high temperatures. Coke acts 
as a fuel, while limestone acts as a flux, 
which helps remove impurities from iron 
ore. The iron produced in the blast furnace is 
then tapped and sent to the next stage. 

In the oxygen furnace stage, the molten iron 
from the blast furnace is refined into steel. 
Oxygen is blown into the molten iron, which 
burns off impurities such as carbon, silicon, 
and phosphorus. The steel is further pro-
cessed before being cast into various 
shapes and sizes. 

The usage of the IBF-BOF method is ex-
pected to be reduced by 13% until 2030 [4] 
as the carbon reduction strategies are 
adopted. The process involves using large 
amounts of energy and emitting greenhouse 
gases such as carbon dioxide and methane.  

2.1.2 Electric arc furnace combined with 
direct reduced iron using hydrogen 
– EAF-DRI-H2 

EAF-DRI-H2 is an innovative steel manufac-
turing technique that combines Electric Arc 
Furnaces (EAF) with Direct Reduced Iron 
(DRI) through hydrogen (H2) usage, offering a 
greener and more environmentally friendly 
steel production method. 

Iron ore is first reduced to directly reduced 
iron DRI in this process. Using H2 as a reduc-
ing agent in  DRI significantly reduces the 
carbon footprint of steel production, gener-
ating only water as a byproduct. The need for 

scrap steel is also reduced, reflecting the 
overall carbon footprint. 

As a downside, replacing conventional fuels 
with hydrogen as a reducing agent requires 
significant energy. Accordingly, the cost of 
green hydrogen becomes a factor that in-
creases the overall costs of the process. 
This additional cost is expected to decrease 
over time with a broader adaptation. How-
ever, the EAF-DRI-H2 is predicted to take 
merely around 3% of global steel production 
by 2030 [4]. There are also challenges asso-
ciated with storing and transporting hydro-
gen, which is highly flammable and requires 
special safety precautions. 

2.2 Transport and Installation 

The transport and installation stages involve 
moving components such as floating foun-
dations, mooring systems, cables, wind tur-
bines and other equipment. Ships, barges, 
and other vessels typically carry out the 
transportation. These vessels utilize fuel 
throughout the process, adding to the over-
all CO2 equivalent emissions. 

In this stage, the footprint can vary depend-
ing on factors ranging from the distance be-
tween the assembly and the installation 
sites, the components being transported, 
and the fuel type used by the involved ves-
sels. Other factors are the efficiency of the 
transportation logistics and the emissions 
associated with the production and mainte-
nance of transportation vessels. When it 
comes to the installation, the process ex-
tends to components such as the station-
keeping system (i.e., anchors and mooring 
systems) and Inter-Array Cables. 

Considering the factors above, logistics 
planning (i.e., fabrication, manufacturing, 
assembly, and installation locations) will al-
ter the emissions and costs of the entire 
wind farm. In addition to logistics, the fuel 
type used by the vessels serves as a 
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significant variable. Both logistics optimiza-
tion and the fuel type can serve as emission 
and cost optimization options. 

Accordingly, comparing cases with vessel 
fuel consumption and type, speed, and daily 
rate and considering the distance between 
the harbours can determine the total CO2 
equivalent emissions and campaign cost. 
Subsequently, given that the vessel’s re-
quired power output remains identical, it be-
comes possible to analyze the impact of 
switching from conventional fuel types (e.g., 
VLFSO, MGO, or LNG) to green fuels (e.g., 
green ammonia or green hydrogen). 

3. CASE DEFINITIONS 

3.1 Farm location 

Utsira Nord and Sorlige Nordsjø II are two lo-
cations selected by the Norwegian Govern-
ment for offshore wind energy production. 
The auction was planned for 2023 Q1 to be 
ready for 2030 [5]. The initial feedback for 
the tender frameworks was in January 2023. 
The two farms, Utsira Nord and Sorlige 
Nordsjø are expected to have a combined 
output of 4.5GW, with capacities distributed 
into 1.5 GW and 3 GW, respectively. Given 
their relevance and recency, these areas 
serve as good options for a case study. 

Out of the two areas, the Utsira Nord is lo-
cated west of Utsira Island, with an average 
depth of 267 meters, covering an area of 1010 
km2. The depth enforces floating platforms 
that tend to require more steel than fixed-
bottom counterparts [6]. The Utsira Nord 
has 20 km (East-to-West) to 50 km (North-

to-South) edge sizes with a planned energy 
output of 1500 MW. The Norwegian Govern-
ment plans to develop the site in three 500 
MW zones totalling 1.5 GW. Hence, Utsira 
Nord was taken as the hypothetical installa-
tion location of the farm. Thirty-three wind 
turbine generators with 15 MW capacity each 
are assumed to be installed, where the float-
ing unit requires approximately 4000 t of 
steel [7]. 

3.2 Base and Alternative Scenarios 

The two logistics options evaluated here are 
designated “Route Europe” and “Route Asia”. 
For Route Europe, the fabrication is carried 
out in Poland, followed by the manufactur-
ing, assembly, and installation stages com-
pleted in Norway. The Route Asia involves 
fabrication and manufacturing in China, fol-
lowed by assembly and installation in Nor-
way. These locations and their related 
transport routes, along with the wind farm at 
Utsira Nord, are illustrated in Figure 2.  

3.3 Emission Reduction Strategies 

The CO2 equivalent emission reduction 
strategies evaluated here are summarized in 
Table 1. Route Europe and Route Asia cate-
gorize the options based on the logistics 
setup. Regarding steel manufacturing tech-
niques and fuel usage, the possibilities are 
to employ the conventional blast furnace 
technique and VLSFO fuel for vessel fuel. 
These options are replaced by the EAF-DRI-
H2 for steel production and green ammonia 
as the vessel fuel to achieve emission reduc-
tion. The result is a comparison of four 
cases. Using conventional methods through 

Table 1: Considered scenarios and the associated fabrication, transport, and installation methods. 

 ROUTE EUROPE ROUTE ASIA 
 Base scenario Emission reduction Conventional Emission reduction 
Fabrication  Blast furnace EAF-DRI-H2 Blast furnace EAF-DRI-H2 
Transport  VLSFO Green Ammonia VLSFO Green Ammonia 
Installation VLSFO Green Ammonia VLSFO Green Ammonia 
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Route Europe presents the base case for 
comparative values. The alternatives are 
marked accordingly. 

4. EMISSIONS, COSTS, AND RISK 
FACTOR COMPARISONS 

A detailed breakdown of costs and emis-
sions is provided in Figure 3, where the ef-
fect of each stage is visible. The lower sec-
tion of the Figure shows the CO2 equivalent 
emission reduction in thousand tons; the 
upper section is the cost in M Euros. The to-
tals are noted on the top of each sub-figure. 
As noted, the base case is fabrication and 
production in Europe. These numbers show 
that compared to production in Europe, Asia 
achieves a higher reduction in emissions at 
comparable costs. In Europe, similar reduc-
tions can be reached at considerably higher 
prices. 

Comparative results are provided in Figure 
4, showing the outcome of the CO2 equiva-
lent emission reductions compared to the 
base case. The Asia Route cases are marked 
in orange, and Route Europe is teal. A pri-
mary takeaway is that in both cases (i.e., the 

Asia and Europe routes), significant reduc-
tions are achievable using improved manu-
facturing techniques and alternate fuels.  

As expected, the highest emissions occur at 
the Asian route, adding approximately 25% 
to the base case. Given that the distance is 
greater than an added 25%, it is possible to 
deduce that the production technology is 
the primary contributor to the total emis-
sions, as opposed to the vessel fuel type. 

Implementing emission controls for Route 
Asia and Route Europe achieves a substan-
tial reduction of over 60% for both cases. 
The similarity of the total emission values 
again emphasizes the importance of pro-
duction techniques.  

Considering the costs, the conventional sce-
narios again differ by approximately 25%, 
where fabrication and manufacturing in Asia 
deliver advantages. A similar conclusion 
could be drawn with the emission reduction 
implemented; however, the difference be-
tween the Asia and Europe routes drops be-
low 10%. In Asia, the cost increase is approx-
imately 30%, while the Route Europe shows 
20%.  

 

 

Figure 2: Logistics setup, showing the locations of the involved project phases. 
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These values show that implementing emis-
sion reduction measures may give the Asian 
Route an advantage by achieving emission 
values similar to those of Europe at a lower 
cost.  

However, the risk factor must also be con-
sidered in addition to the evaluation above. 
As shown in Figure 4, production in Asia re-
quires a significantly longer route; hence, it 
carries the associated risks in weather win-
dows and safety. These factors may in-
crease the prices and, given that the imple-
mentation of emission reduction results in 

comparable pricing, provide an advantage to 
European contractors due to the associated 
risk reduction. 

5. CONCLUSIONS 

A wind farm installation goes through sev-
eral phases throughout its life cycle, where 
each step is open to implementing emission 
reduction measures. As expected, the re-
duction also causes an increase in costs. 

This report delivered a comparative study 
taking production and transport routes into 
account for a possible European wind farm. 

 

Figure 3: Costs (M€) and CO2-equivalent-emission reduction (t) compared to the base scenario. 

 

Figure 4: Relative costs and emission of each scenario compared to the base scenario. 
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Estimations show that novel technologies 
can significantly reduce carbon emissions in 
a project’s fabrication, transport, and instal-
lation phases by up to 60 per cent. This re-
duction is achieved by altering steel produc-
tion techniques to greener options and 
switching fuels. 

The emission reduction comes at a cost in-
crease, as expected. However, these esti-
mations are an initial evaluation based on 
the current state-of-the-art and newer 
techniques or broader adaptation by the in-
dustry may help to meet the goals also in 
terms of costs. 
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