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Circular Economy

» The Netherlands aims to have a circular Economy by 2050 ()

(1) Nederland circulair in 2050, Rijksoverheid, 2016

(; .
TUDelft Introduction 4




Circular Economy

» The Netherlands aims to have a circular Economy by 2050 ()

« Amsterdam municipality promotes local circular economies (2)

(1) Nederland circulair in 2050, Rijksoverheid, 2016
(2) Amsterdam circulair, visie en routekaart, 2015
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Urban Mining

* Reusing or recycling resources dispersed among the urban
environment
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Urban Mining

* Reusing or recycling resources dispersed among the urban
environment

* Urban mining challenge
> Prospecting: how many resources and where?
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Urban Mining

* Reusing or recycling resources dispersed among the urban
environment

* Urban mining challenge
> Prospecting: how many resources and where?

* Prospected urban mine as a motive for actual mining
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Underground Infrastructure

* Many underground resources, seemingly invisible
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Underground Infrastructure

* Many underground resources, seemingly invisible
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Underground Infrastructure

* Many underground resources, seemingly invisible
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—lectrical Networks

* Hierarchical nature
- Low Voltage distribution network consists of many branches
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—lectrical Networks

* Hierarchical nature
- Low Voltage distribution network consists of many branches
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HV transformer ®
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Topology

“Topology shows the spatial relation of neighbouring vector features.”
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Topology

“Topology shows the spatia

relation of

neighbouring vector features.”

Epping €
Fehesham 2= Watford Junction
Vattord Watford High Street © HighBamet e Cockfosters Debden
e ridge & Whetstone
Croxtey Tottardge ) osiwood Loughton.
— Carpenders Park €) Woodside Park e SuckhurstHild
ML East )
Hatch End a AL West Finchiey Amos Grove o [Roding  FGrange
2 West Ruistip O Northwood Headstone Laned Edgware oy Valley HI
Stanmore. \ unds Green
Hilingdont RustpT  puisip ] o G)Finchiey Centat gwett
nor ) - Canons park L east Finchiey Woed Greend Halnault )
Unbridge Iekenham Colindale Harringay Woodford ()
L Highgate Green Lanes Fairlop.
s Hondon Cantrat Crouch Hil S South Totzenham  South Woodford
Rt Rayners Lane Bead Lo Brent Cross’ Manor House 4 Soen o N\ Buckhose  Snaresbrookd Serkinpian]
Rosd
West South Kenton 4 o Golders Groen O—0 O Loy
Tottenha Walthamstow
ot South Harrow Notnwembley | | &Y Hampstead e el Bedeiden Upminstergry
- ) s —— - (R
Sudbury Hill 4 Stonebridge Park 4 Willesden Green o Wil Honchoes
o Kilburn
Northolt Harlesder Kensal  Brondesbury agennam  JI
Sudbury Town () ‘Willesden Junction Rise Park West Hampstead 2= Leyton Lapsason East,
Green | Brondesbury \ Finchley Road —
Alperton Swiss Cottage N— Dagenham
)oueensPark  Kilbum  South
e HighRoad  Hampatead St John's Wood Woodgrange Pk Becontree
Kitburn Park " 72 B ey
Maida Vale' ’ b Jrast
Padrole’ - Podifion® _Roxd Manfsone® Baker  Portnd  EustontI= Y o) Phaina =
St Street 97 p
Upton park,
Roysl Oak X East Hom
Hanger Lane e
Westbourne e
Rosd Puaistow
Park Royal
Ladbroke Grove
swater
Lotimer Rosd s West Ham %
North Ealing{ .
Esst  White] | Shopherd's Notting | Lancaster  Bond |  Oxford
Acton  City Bushx WilGate Gate  streec k. Creus o Lane
N West North & Holnd Queensway  Matle
Adton RGN o tand Covenk Gadent Ropt
Canning
Acton Central €) Keingeon fPLeicoster sauaret Town Vidors
Shepherd's Bush 1 'S O, Custom House for ExCel
Esing Comman o] ez | Hyde parkComer Faecannon et N B
sounacon@ L e OO Knightsbridge, Mansion House - » o Ny e Resent
sarons Glogcester Lr—. _ Gateway [ WorR Ottt/ westsausnon \groaee
Acton Town Hammersmith Road Temple ~ Lo y Y Beckton Park
Spneang 2o L) --a 5 rotreitred ) | tepmaywrart | [ [ 63 % 5 B
Northield S S, North Ny Crprus
. oo Stamford Rivenscou west | Earts Semvizey | Camada Greenwich 2
i Greent Brook  Park Kensington|| I Court Viater FHoron Guays € B -\, Gellions Resch
5 A London City Alrport 3
& West Brompton () South Quay
Surrey Quays | O
N Crossnarbour ) King George V'
\ Fulham Broadway (&) Mudchute ) I
"\ Porsons Green Istand Gardens ¢
He \ Putney Bridge O
) Cutty Sark f 2 Wooiwich Arsenal
Terminals 123 N O ime Greenwich an
East Putney o @ New Cross = € Greenwich =
Southfields: ) veptronatricge
Heathrow Terminal 5 ) Wimbledon Park 4 Brockley. ) Ewverson Road
~ o Wimbledon € O Lewisham =
Honor Oak Park
Forest HIll &)
Sydenhom €)
I Penze West
O anertey
2 Crystal Palace Norwood Junction
e ) West Croydon 2= ol D N et P

Introduction

TUDelft




Topology

“Topology shows the spatial relation of neighbouring vector features.”
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Topology

“Topology shows the spatial relation of neighbouring vector features.”

« Spatial relations in electrical networks
> Building - Low Voltage Network

> Low Voltage Network - Transformer - Medium Voltage Network
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Case study areas

* Case study areas
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* Case study areas
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* Case study areas
> Slotervaart

> Geuzenveld
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Case study areas

* Case study areas
> Slotervaart

> Geuzenveld
o Indische Buurt

* Chosen based on similarities
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Case study areas

* Case study areas
> Slotervaart

o Geuzenveld
> |Indische Buurt

* Chosen based on similarities
> Building age (built +1950)

> Might soon be redeveloped or demolished and provide urban mining opportunities
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Research approach

* Research Question:

To what extent can topological networks be used for localization
of underground metal cables in order to assess the quantity of
an underground urban mine?

Research approach
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Research approach

* Research Question:

To what extent can topological networks be used for localization
of underground metal cables in order to assess the quantity of
an underground urban mine?

* Research Objectives
1. Explore most suitable datasets

2. Develop automated quantification method
3. Exemplify method on case study areas

Research approach
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Connecting points to the network

* NWB is only a collection of lines
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* NWB is only a collection of lines
- Geometrically connect buildings and transformers
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Connecting points to the network

* NWB is only a collection of lines
- Geometrically connect buildings and transformers
> 3 methods:

* Closest Point — .
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Connecting points to the network

* NWB is only a collection of lines
- Geometrically connect buildings and transformers
> 3 methods:

* Closest Point /

* Closest Junction
I
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Connecting points to the network

* NWB is only a collection of lines
- Geometrically connect buildings and transformers
> 3 methods:

* Closest Point
* Closest Junction \

* Iterative Closest Junctio
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Three topological networks
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Three topological networks
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Three topological networks
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Three topological networks
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Topological networks

Closest Point vertices Total edge length (im) Average edge length (m)
Geuzenveld 4409 59165.47 12.79

Slotervaart 5278 81960.25 14.58

Indische buurt 2415 26016.75 10.43

Closest Junction vertices Total edge length (im) Average edge length (m)
Geuzenveld 2774 72247.88 24.95

Slotervaart 3520 08393.17 26.62

Indische buurt 1455 34503 22.59

Iterative Closest Junction vertices Total edge length (m) Average edge length ()
Geuzenveld 3634 46936.02 10.25

Slotervaart 4410 69828.31 12.55

Indische buurt 2022 22268.04 8.95
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Topological networks
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Shortest Paths

* Finding closest transformer

o Shortest path from building to all transformers
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Shortest Paths
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—dge ‘betweenness’
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Power consumption
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Power consumption

« Amount of households influences maximum power consumption
> More households -> more power consumed

> Average household consumes +2400 - 3300 kWh / year
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Power consumption

« Amount of households influences maximum power consumption
> More households -> more power consumed

> Average household consumes +2400 - 3300 kWh / year

* For each edge
> Calculate maximum power

o Compute current supposed to be flowing through a cable
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Cable types
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Quantification

» Total metal mass in the network
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Quantification

» Total metal mass in the network

n n
Y M=) 1,-Ay-dy
1 1

M = Total mass (kg)

I, = length of edge n (cm)

Ay, = cross section area of edge n (cm?)

d = density of the edge n material (g/cm?)

Process 21
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Quantification

» Total metal mass in the network

n n
Y M=) 1,-Ay-dy
1 1

M = Total mass (kg)

I, = length of edge n (cm)

Ay, = cross section area of edge n (cm?)

d = density of the edge n material (g/cm?)

* Unsure whether a cable is made of copper or aluminium

- Ratio of 70/30 (Cu/Al) is used to quantify metal content

Process 21
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Cable length

Geuzenveld Computed length Real length %

Closest Junction 72.247,9 73.876,7 97,8%
Closest Point 59.165,5 73.876,7 80,1%
[terative Closest Junction 46.936,0 73.876,7 63,5%
Indische buurt Computed length Real length %

Closest Junction 34.503,0 58.028,2 59,5%
Closest Point 26.016,8 58.028,2 44,8%
Iterative Closest Junction 22.268,0 58.028,2 38,4%
Slotervaart Computed length Real length %

Closest Junction 98.393,2 107.375,7 91,6%
Closest Point 81.960,3 107.375,7 76,3%
Iterative Closest Junction 69.828,3 107.375,7 65,0%
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Adjustment
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Adjustment

- Simplification of the NWB results in underestimation of cables
> Adjustment of quantity to compensate
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Adjustment

- Simplification of the NWB results in underestimation of cables
> Adjustment of quantity to compensate
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Final quantification
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Geuzenveld Iterative . Clos- Closest Point Closest Junction

est Junction
Calculated cable length 36.078,6  (m) 49.824,8 (m) 60.685,6  (m)
Real cable length 73.813,4 (m) 73.813,4  (m) 73.813,4 (m)

Cu (kg) Al (kg) Cu (kg) Al (kg) Cu (kg) Al (kg)
Metal mass from algorithm 14.147,0  2.816,6 16.766,9  3.351,5 19.557,6  3.961,4
Metal mass in reality 44.013,1  13.262,9 44.013,1  13.262,9 44.013,1  13.262,9
Adjusted metal mass 28.294,0  5.633,3 33.533,7  6.703,0 39.115,2  7.922,7
Indische Buurt
Calculated cable length 19.082,2  (m) 23.377,7  (m) 30.253,0 (m)
Real cable length 57.792,4  (m) 57.792,4  (m) 57.792,4  (m)

Cu (kg) Al (kg) Cu (kg) Al (kg) Cu (kg) Al (kg)
Metal mass from algorithm 9.910,2 1.898,2 10.681,6  2.064,6 13.153,1  2.581,2
Metal mass in reality 444497 133944 444497 133944 444497  13.3944
Adjusted metal mass 19.820,3  3.796,4 21.363,3  4.129,1 26.306,3  5.162,4
Slotervaart
Calculated cable length 46.795,2  (m) 60.450,7  (m) 74.060,5  (m)
Real cable length 107.282,4 (m) 107.282,4 (m) 107.282,4 (m)

Cu (kg) Al (kg) Cu (kg) Al (kg) Cu (kg) Al (kg)
Metal mass from algorithm 15.625,1  3.074,5 18.061,8  3.568,6 21.386,7  4.219,8
Metal mass in reality 84.255,3  25.389,4 84.255,3  25.389,4 84.255,3  25.389,4
Adjusted metal mass 31.250,2  6.149,0 36.123,6  7.137,3 42.773,4  8.439,5

Results 25
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Method comparison
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Accuracy

Geuzenveld Computed metal mass Real metal mass Accuracy

Cu (kg) Al (kg) Cu (kg) Al (kg) Cu Al
Closest Junction 39.115,20 7.922,75 44.013,09  13.262,87 88,9% 59,7%
Closest Point 33.533,73 6.702,95 44.013,09 13.262,87 76,2%  50,5%
[terative Closest Junction 28.294,03 5.633,29 44.013,09 13.262,87 64,3% 42,5%
Indische buurt Cu (kg) Al (kg) Cu (kg) Al (kg) Cu Al
Closest Junction 26.306,27 5.162,36 44.449,66  13.394,43 59,2% 38,5%
Closest Point 21.363,26  4.129,12 44.449,66  13.394,43 48,1% 30,8%
[terative Closest Junction 19.820,31  3.796,40 44.449,66  13.394,43 44,6%  28,3%
Slotervaart Cu (kg) Al (kg) Cu (kg) Al (kg) Cu Al
Closest Junction 42.773,36  8.439,52 84.255,30  25.389,43 50,8%  33,2%
Closest Point 36.123,55 7.137,28 84.255,30  25.389,43 42,9%  28,1%
[terative Closest Junction 31.250,22  6.149,05 84.255,30 25.389,43 37,1%  24,2%
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Disused parts of the network

* Paths affects the cable use. Some parts of the network are not
used
> Could be caused by investigating residential buildings only.
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Conclusions

* Using the NWB provided a good skeleton to perform network
analysis

» This methodology is suitable for quantification and finds a
minimum quantity of metal in the underground urban mine
> On average 70% accuracy when adjusted for errors

> Most likely more metal available, at least not less

* Closest Junction method most accurate connecting method
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Conclusions

 Trade-off between location accuracy and quantification
accuracy

* Recovering metal in the underground urban mine of Geuzenveld
o Approximately €145.000 from Cu and Al recycling

> Not taking into account tram lines, street lighting, unregistered
cables

* This methodology can find a minimum quantity of
underground metals, but is not suitable for finding
the exact location of these cables

(; .
TU Delft Conclusions 31







DISCUSSION

TUDelft Discussion & recommendations 33




DISCUSSION

» Data limitations

TUDelft Discussion & recommendations 33




DISCUSSION

» Data limitations
> Building points

TUDelft Discussion & recommendations 33




DISCUSSION

» Data limitations
> Building points
> Transformers

TUDelft Discussion & recommendations 33




DISCUSSION

» Data limitations
> Building points
> Transformers

* Method limitations

TUDelft Discussion & recommendations 33




DISCUSSION

» Data limitations
> Building points
> Transformers

* Method limitations
> Connecting methods are imperfect

TUDelft Discussion & recommendations 33




DISCUSSION

» Data limitations
> Building points
> Transformers

* Method limitations
> Connecting methods are imperfect

>
SR

Closest Point

TUDelft Discussion & recommendations 33




DISCUSSION
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> Transformers

* Method limitations
> Connecting methods are imperfect
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DISCUSSION

» Data limitations
> Building points
> Transformers

* Method limitations
> Connecting methods are imperfect

- NWB is simplified into a single line

> Quantity ratio between metals is not exact
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* Improve location of cables

o Offset NWB network to both sides
> Find the centreline of pavements
o Self driving cars with GPR
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* Improve completeness

o Tram lines
> Public Lighting
- Other materials (pipes and optical fibres)
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Future work & recommendations

* Improve location of cables

o Offset NWB network to both sides
> Find the centreline of pavements
o Self driving cars with GPR

* Improve completeness

o Tram lines
> Public Lighting
- Other materials (pipes and optical fibres)

* Improve buildings points by cooperation with network operators
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