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1. What is GIS?

• GIS is a framework used to collect, 
manage, store, map and analyse 
geographic data

• GIS links the geographic data (spatial 
data) with descriptive information 
(attribute data)

Spatial data: Where things are 

Attribute data: What things are 

(Figure 1)

Spatial data
Point data 
representing a wind 
farm  location 

Attribute data
Gives the 
information about 
the wind farm

Figure 1: Diagram explaining the spatial and attribute data 
in GIS 
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2. Rationale

• 1st instalments began 1990’s

• Service life of 20-25 years

• Composed of FRP composite 
material

• Rising concern about waste 
associated (Figure 2)

• Imperative to find repurposing 
strategies 
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Figure 2: Estimated cumulative blade waste up to 2038 in 
Ireland. Approx. 46,000 tonnes of blade material
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3. The role of GIS in the project

Geodatabase 
• Assess wind farm characteristics, locations & waste 

quantities 

Network Analysis 
• Solve complex routing problems 

• Find optimal locations based on service demand 

GIS-Multi-Criteria Decision Making
• Provide an evaluation framework to find optimal 

results by combining multiple criteria and objectives 
simultaneously [1]

Geodatabase

Network 
AnalysisMCDM
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4.1 Geographical database

• Extends Database Management System 
(DBMS) to store geographic information 
(Figure 3) such as geometry, attributes, 
spatial referencing and behaviours

• Facilitates decision-making through the 
analysis, modelling and querying of 
spatial data through a Structured Query 
Language (SQL) [2]

Figure 3: Map showing wind farm 
locations – information stored in the 

attributes of each 5



4.2 Potential reuse material

• Reuse quantities were calculated 
using the exact weight of the blades

• This information was collated from 
wind turbine manufacturing technical 
specification for each wind turbine in 
Ireland

Figure 4: Map showing material 
quantities and locations 
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4.3 Comparison of waste calculation methods

• Albers et al. [3] estimates 
10t/MW

• This method was tested 
in relation to the actual 
blade weights for the 
same turbines – proves a 
good estimation and thus 
was used where data are 
missing0
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Figure 5: Comparison of waste estimation methods. 10t/MW Vs 
exact blade weights 7



4.4 Dashboard
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https://go.qub.ac.uk/rewind2


5.1 Network Analysis
Cost analysis → finds optimum route 
with least friction →less energy used 
thus most efficient use of resources

• Network analysis is used to solve 
complex routing problems and is 
based on the mathematical sub-
disciplines of graph theory and 
topology

• Aims to minimize costs: Time, 
financial or environmental

Figure 6: Example of Network Analysis (Closest Facility) 
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5.2 Blade transportation
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Not all LCA include transport emissions – they are often claimed to be negligible[4]

Others argue manufacturing & chain supply produce highest environmental impact [5]

Need to reduce transport & fuel consumption [5]

A higher environmental impact is associated with smaller turbines than larger [6]

Trains and boats should be used for transporting  longer distances [6]



5.3 3D road network

• The edges are associated with a cost : 
Drive time, distance, scenic paths, 
shortest or fastest routes  

• Most network analysis methods are 
based on a 2D road network. For 
accurate results it is important to 
consider a realistic representation of 
reality 

• To test this a 3D road network was 
created and compared with the original 
2D (Fig 7)

Figure 7: Model builder showing creation of 3D road 
network and Python script 
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5.4 Comparison between 2D and 3D routes

3D road network enables the true distance across hilly terrain 
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3D route profile 

Distance (m)

Distance (m)

2D route profile



5.5 Fuel consumption

• With sustainability in mind there is an aim to 
reduce fuel consumption and CO2 emissions 
rather than time or expenses

• The shortest route does not always represent 
the most Eco-friendly routes thus terrain is 
important to consider

• The integration of a fuel consumption method 
based on COPERT [7] and a 3D route has 
previously been implemented for waste 
collection [8] and distribution transports [9]

• This method was adopted, tested and modified 
taking into consideration the vehicle loads and 
road gradients input from the database (Fig 8)
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Figure 8: Sample of how the COPERT method was 
integrated into GIS using Python scripting.
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Comparison of 3 routes

• Eco route is slightly longer but uses 
less fuel 

• Considering the journey is made 
more than once it begins to add up 
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Routes Distance 
(km)

FC 
(Litres)

Total FC*
(Litres)

2D 53.31 - -

3D 52.86 12.97 389.1

Eco 52.99 12.34 370.2

*example based on Corkey wind farm



6. Multiple Criteria Decision Making (MCDM)
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‘MCE uses numerical algorithms that define the suitability of a particular solution on bases of input 
and weights with a mathematical means of determining the trade-off when conflict arises’[10] p.244

Decision making often involves multiple stakeholders with often conflicting 
interests and objectives

MCDM provides an evaluation framework to aid in the decision making process 
by combining stakeholder views with cost/ benefit information

Provides a framework to explore solutions



7. Next steps 

17

Reuse scenarios will impact how 
blades are transported

Different trucks, speeds and  
restrictions will apply depending 
on scenarios whether blades are 

cut up or transported whole

Other modes of transport will be 
investigated such as rail and 

possibly waterways 



8. Conclusions

GIS extends the functionality of a database through addition of geographic 
location

GIS provides a flexible framework for a holistic assessment 

GIS enables eco-routing possibilities through its integration with COPERT which is 
important for the sustainability of wind turbines 

Shortest distance does not always represent a more sustainable routes
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Thank you. 
Any Questions?
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