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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Industrialization of floating wind technology is key for future cost reductions to become competitive. Within the scope of the 
LIFES50+ H2020 research project, the floating-specific constraints with respect to fabrication, assembly and installation for 
different floating substructure concepts are investigated for large future 10MW floating wind turbines and 500MW wind farms. 
The presented study focusses on three selected LIFES50+ sites in the Scottish North Sea, French Mediterranean and Gulf of 
Maine. General constraints are identified, which are not specific for a certain proprietary concept, but depending on the material, 
concept type, fabrication, assembly and installation procedures and site location. 
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1. Introduction 

Industrialization of the floating wind technology is considered a key for future cost reductions to become 
competitive. While developing innovative solutions and at the same time following proven offshore engineering 
principles and standards for safe, reliable and cost-efficient solutions, it is common industry understanding that one-
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dimensional design optimizations should be avoided: All relevant technical Key Performance Indicators (KPIs) need 
to be considered such as the floater’s dynamic characteristics, and key cost drivers including fabrication, assembly, 
standardization, installation, operation and maintenance.  

Within the scope of the LIFES50+ research project, the floating-specific constraints with respect to fabrication, 
assembly and installation for floating substructure concepts are investigated. These constraints are particularly 
relevant in LIFES50+, where designs for large future 10MW floating wind turbines and large 500+MW wind farms 
are developed which feature larger dimensions, weights and more demanding project timelines than the currently 
installed single unit prototypes and upcoming small pre-commercial arrays.  

The study is based on generalized analyses of publicly available information about existing Floating Offshore 
Wind Turbines (FOWTs) which are already installed or close to completion, including Principle Power’s WindFloat, 
Statoil’s Hywind and Hywind Scotland, Fukushima FORWARD, Ideol’s FLOATGEN and GICON’s SOFWA. Also 
experiences from fixed-bottom projects, as well as from installation vessel projects are used. From this investigation, 
general constraints are identified and presented, which are independent from a certain proprietary concept, but rather 
depending on the utilized material (steel, concrete), concept type (semi, barge, tension leg platform (TLP), spar), 
chosen fabrication, assembly and installation procedures and site location. It shall be explicitly noted, that no results 
from concept specific studies within the LIFES50+ consortium are used for this publication, but the important items 
identified are generally valid for any floating concept, including the concepts investigated in LIFES50+. 

The investigation is made for the three selected LIFES50+ sites in the Scottish North Sea, French Mediterranean 
and Gulf of Maine, defined in the LIFES50+ Design Basis [1].  

While the paper is based on reviews of existing methods for fabrication and installation, the application on the 
LIFES50+ case offers new insight into issues related to upcoming large commercial floating wind farm projects. 
Furthermore within the study a dedicated tool was developed in order to assess the installation phase and identify 
important constraints for selected specific sites. 

2. Fabrication 

2.1. Steel floater 

Of the 33 different substructures that are presented in the Floating Offshore Wind: Market and Technology 
Review by Carbon Trust, only six use concrete as their primary material, making steel the most widely applied 
material. The important advantages and challenges of the material choice are presented below. 

Table 1. Advantages and Challenges for Steel floaters 

Advantages Challenges 
 Established in the offshore wind industry: 

o Know-how existing 
o Proven solutions and standards exist to 

avoid issues related to corrosion due to 
saltwater and salty air, wind turbine load, 
etc. 

 Assembly can be execute relatively fast if 
components are pre-fabricated (consists of welding 
operations and positioning of the parts only) 

 Lighter substructures are possible (compared with 
concrete) 

 Large dimension components/parts:  
o Need to be built at rare large scale steel 

mills, typically not at construction site, 
which is a challenge for mass production 

o Heavy/large parts need to be transported 
to construction site, suitable access 
(road, railways, waterways) required 

o Suitable storage area at port required 
 Expensive material, price fluctuating, planning 

difficult 
 Specialized equipment (e.g. large scale welding 

machines and cranes with sufficient lift capacity) 
required, shipyard preferable 
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2.2. Concrete floater 

The use of concrete typically allows the choice between precast concrete parts or in-situ concrete. The projects 
Floatgen and the substation for the Fukushima FORWARD floating wind farm use concrete as primary material. 
Both projects selected in-situ concrete fabrication rather than precast concrete. Due to that, the relevance of in-situ 
concrete for the substructure construction was rated higher and will therefore be the basis of this summary: 

Table 2. Advantages and Challenges of Concrete floaters 

Advantages Challenges 
 Concrete supply adaptable to local conditions and 

project requirements: 
o Ready-mix concrete  
o Mobile batching plant 
o Installation of a stationary batching plant 

at the construction site  
 Local content is ensured (local workforce, local 

supply chain) 
 No specialized equipment, like large scale welding 

machines, required (construction at lower costs) 
 Low costs of concrete as a raw material 
 Adjustments simple to apply due to variability of 

casting process at construction site 
 Ready-mix concrete only: less storage area 

required (no raw material has to be stored for 
batching at port) 

 Limited use in offshore wind industry, resulting in 
less experience with production steps, O&M, 
decommissioning procedures 

 Large dimensions of concrete floaters require large 
construction area for mass production 

 High weight of concrete floaters (restrictions for 
construction site selection due to the bearing 
capacity and space) 

 Concrete cannot bear tension loads, therefore 
additional procedures (e.g. pre-tensioning, 
avoiding of upending actions) necessary 

 Wide range of weather restrictions for construction 
process (e.g.no construction during frost or heavy 
rain) 

 Mixing process at the construction site possibly 
more inaccurate (additional quality assurance 
necessary) 

2.3. Common aspects of fabrication 

Some constraints result from general procedures independent from the choice of the material. These encompass 
mainly the transport within the port/shipyard and the float-out. 

For the transport within the port or shipyard, the size of the port and the tasks, which can be executed 
simultaneously, are important. This includes restrictions concerning the constant supply from outside of the port, as 
required for the ready-mix concrete supply using trucks.  

Any floating substructure production will require the use of cranes to execute the fabrication and assembly; with 
the crane requirements depending on the floater design, e.g. the number of pre-fabricated parts and their masses. The 
existing crane capacities vary from port to port. Therefore, cranes are a constraint for the fabrication. In particular, if 
cranes with the required specifications are not already located in the port and the bearing capacity of the intended 
quay is not sufficient, this could render an otherwise favourable port not-applicable. Additionally, finding a suitable 
and available crane in terms of height and lifting capacity is increasingly difficult for large 10MW+ class wind 
turbines. For the DTU 10MW Wind Turbine (WT) used in LIFES50+ with a hub height of 119m and a top mass 
over 650t, only one commercial crane type is currently available for the required height. While this may change in 
the future with the increasing demand of such cranes, currently it represents a critical item for the project planning. 

The location of the construction site also influences the transport of the substructure within the port. If 
construction site and harbour basin are not directly linked together and no dry-dock is used, such a transport is 
required. Self-Propelled Modular Transporters (SPMT) are suitable for the transport of the substructure but require 
dedicated and costly preparation. 

The float out of the substructure is another possible constraint. If a dry-dock is used for the fabrication, the 
procedure is simplified considerably. The float out simply consists of flooding the dock. If the substructure is 
fabricated on a barge such as a semi-submersible barge, the float out is also a straightforward process. After floating 
the substructure to an area with sufficient draft, the barge sinks to the ground until the substructure lifts off the 
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