


Appendix 2.7 Datasheet section D:
Transportation and Agriculture

[4] Transportation (Klimaatmonitor, 2012)

|4.1 Road traffic: highways and other roads (2012)

Diesel, petrol and LPG 7.829,40

[4.2 Railway traffic (2012)

Diesel and electricity 556,7

|4.3 Mobile means (2012)

Diesel, petrol and LPG 1.177

|4.4 Inland- and recreation shipping (2012)

Diesel and petrol 757,1

|4.5 Sea transport and fishing (2012)

Diesel and fuel oil 1.682,50

[Total [4] Transportation 12.002,70 TJ

[5] Agriculture (Klimaatmonitor, 2012)

|5. Agriculture (2012)

Gas m3 467.000 14,79

Electricity kWh 613.000 2,21
17

[Total [5] Agriculture 17 T

T)

T)

T)

T)

T)

T)
T)

T)

7.829,40 TJ Diesel, petrol, LPG

556,7 TJ) Diesel & electricity

1.177 TJ Diesel, petrol, LPG

757,1 TJ) Diesel & petrol

1.682,50 TJ Diesel & fuel oil

17 TJ Gas & electricity



Appendix 2.8 Datasheet section E

Total gas consumption
Total electricity consumption
Total fuel consumption

Total consumption gas+elec.+fuels

Total heat consumption incl. gas (2012)
Gas consumption

Heat by local renewables

Import heat (Diemen power plant)

Heat by local renewables
Imported heat
Total renewable heat consumption*

27.537,94 T)
15.803,58 TJ
12.003,30 TJ

+

55.344,82 T

29.539,20
27.537,94
1.325,40

675,86 TJ

1.325,40
675,86

+

2.001,26

*measured by Klimaatmonitor*
*measured by Klimaatmonitor*
*measured by Klimaatmonitor*

*measured by Klimaatmonitor*

*measured by Klimaatmonitor*
*measured by Klimaatmonitor*
*measured by Klimaatmonitor*
*calculated assumption*

*measured by Klimaatmonitor*
*calculated assumption*
*calculated assumption*

* Derived from the existing heat network it is assumed that the total amount of renewable
heat is equally distributed among sectors [1] Household, [2] Utility and [3] Industry.

The assumed distribution is then 2.001,26/ 3 =

667,09 TJ per sector

Total consumption gas+elec.+fuels+
renewable heat

57.346,08 TJ




Appendix 2.9 Datasheet section F

F) Waste energy

vl 20-11-'14 Amount of waste energy is based on the energy conversion process of STEG- and coal
power plants in Municipality Amsterdam.
Energy yield of Dutch STEG (steam and gas) powerplants is on average 58% (ECN, 2007)
Energy yield of the Amsterdam Hemweg 8 (coal) power plant is 40% (CE Delft, 2011)
The average energy yield of both STEG- and coal power plants together is assumed to be
(58+40)/2 = 49%
A remaining 51% of the total gas- and coal input occurs then as waste energy

The total gas- and coal input of power plants in Amsterdam is 52.256,32 TJ
The amount of waste energy is then (52.256,32/100)*51 = 26.650,72 T)

v2_20-12-'14 When Nuon gave access to their power plant data (12-12-'14), specific electricity generation
and therefore a more specific amount of waste energy became available. The waste energy
or conversion loss applies for electricity generation from gas and coals (the power plants
in Amsterdam).
This assumed amount exists of: input electricity, gas and coals - electricity generation from power plants.
The electricity generation implies electricity from power plants and renewable energy sources.
Input of electricity is 223,04 TJ. Input gas and coals is 52.256,3 TJ. Actual electricity generation from power plants is 16.579,8 TJ.
Thus the assumed 'waste energy' or also known as 'conversion loss' =
(52.256,3 +223,04) - 16.579,8 = 35.899,5 TJ

A second sector that contains a large conversion loss is sector D) Transportation.

The largest part of the used fuels consist of fossil fuels such as diesel, petrol and LPG.

Only a small share of electricity is used as a fuel in Railway traffic (sector D, section 4.2).

Because the exact number of this electricity use is unknown, the total transportation

energy consumption of 12.002,7 TJ is considered to exist of fossil fuels.

Average energy losses in internal combustion engines of vehicles would be 62%.

Source: http://www.consumerenergycenter.org/transportation/consumer_tips/vehicle_energy_losses.html
Due to time limitations of this study, more specific numbers for energy loss in cars as well as

ships and railway transport were not found yet.

Considering the 62% energy loss from a total transport consumption of 12.002,7 TJ,

the conversion loss = 12.002,7 * 0,62 = 7.441,7 1)

The other sectors also have waste energy. For example electricity and gas can be used

unnecessarily or inefficiently in households, utility and industry. Another example is remaining energy
in the form of residual heat that is often disposed.

Specific numbers about this waste energy were not available, but an assumption for this

inefficient use of energy is based on the book 'Landscape and Energy' from Dirk Sijmons (2014).
Sankey diagrams in this book holds waste energy streams of households, utility, industry and
agriculture as approximately 20% of the energy consumption of these sectors.

Sector Consumption  Waste factor Waste energy

Households 18.010,09 0,2 3.602,0 TJ
Utility 20.670,69 0,2 4.134,1T)
Industry 6.645,61 0,2 1.329,1TJ
Agriculture 17,00 0,2 3,4 T)
Total waste energy from Households, Utility, Industry and Agriculture = 9.068,7 T)

Total amount of waste energy/conversion loss is then: 52.409,9 TJ



Appendix 2. 10 Datasheet section G

G) Export energy

| G1 Export electricity (2012)

Export of electricity towards areas outside the border of Municipality Amsterdam

is based on the amount of locally consumed electricity withdrawed from the total
electricity generation in Amsterdam: electricity generation minus electricity consumption
Electricity generation Electricity consumption

19.449,50 - 15.803,58 = 3.645,92 T

G2 Export coal (2012) |

Import of coal (tons) 17.820.000 *measured by Port of Amsterdam* (2012)
522.126 TJ *converted according to CBS 'Caloric values': 29,3 TJ/mIn kg*
Export of coal (tons) 1.090.000 *measured by Port of Amsterdam* (2012)
31937 TJ *converted according to CBS 'Caloric values': 29,3 TJ/min kg*
Storage of coal (tons) 16.730.000 *calculated from import - export*
490.189 T)J *converted according to CBS 'Caloric values': 29,3 TJ/min kg*

|G3 Export oil and refined products (2012) |

Import (tons) 19.514.846 *measured by Port of Amsterdam* (2012)
848.859 TJ *calculated from CBS 'caloric values'. Further elaboration below*
Export (tons) 21.767.102 *measured by Port of Amsterdam* (2012)
946.865 TJ *calculated from CBS 'caloric values'. Further elaboration below*
Because 'oil and refined products'is a CBS caloric values
broad term (term used by Port of Amsterdam), TJ/min kg
oil-based fuels mentioned in 'caloric values' crude oil 41,9
of CBS are accumulated in terms of their LPG 45,2
caloric values (TJ/min kg), and subsequently crude oil aromatics a4
divided by 11 (amount of fuel types). other light oils 44
The outcoming number then represents the motor gasoline 44
average caloric value of 'oil and refined aviation gasoline 44
products': 43,5 kerosene jet fuel 44
other kerosene 43,5
heavy fuel oil 42,7
heating- and other gasoil 43,1
other petroleum products 41,9
Average caloric value 43,5

oil and refined products



Appendix 3 Potentials districts

Potentials per district [TJ]

District

Amsterdam-Centrum
Amsterdam-Noord
Westpoort

Zuidoost
Oost-Watergraafsmeer
Zeeburg
Geuzenveld-Slotermeer
Osdorp

Slotervaart

Bos en Lommer
Westerpark

De Baarsjes

Oud-West

Oud-Zuid

Zuider Amstel

[Diemen power plant]

Total [TJ]
Total excl. Diemen [TJ]

Wind Solar Open heat-cold storage* Waste Residual heat Geothermal heat

0 215,65 1.610,16 30,0 3,34 234,53

453,6 328 26.159,08 34,5 1,67 211,33

720 162,28 39.721,08 1.134,0 185,48 2.632,13

558 225,07 9.031,84 32,4 218,90 47,65

79,2 133,4 2.956,73 23,0 13,37 541,61

270 101,95 10.459,67 21,9 0 286,36

0 6,66 2.126,86 17,6 0 1.281,73

0 75 2.263,82 21,4 0 1.543,79

0 49,78 2.899,18 19,9 40,10 1.455,95

0 20,19 219,82 13,4 1,67 130,44

0 65,12 454,44 14,8 0 59,29

0 20,7 69,53 14,8 0 149,33

0 43,67 77,26 14,1 0 171,29

0 142,28 1.376,43 33,2 0 368,93

0 107,53 2.507,73 18,9 193,84 152,26
501,3

2.080,8 1.697,3 101.933,6 1.444,0 1.159,7 9.266,6
658,374

* Open heat-cold storage: total amount of potential is distributed among 50% cold and 50% heat
This means 50.997 TJ heat and 50.997 TJ cold

Total potential [TJ]

2.093,7
27.188,2
44.555,0
10.113,9

3.747,3
11.139,9

3.432,8

3.904,0

4.464,9

385,6
593,7
254,3
306,3
1.920,9
2.980,3



Appendix 3.1 Potentials wind, solar
and open cold-heat storage

Wind potential GWh/year

Favourable areas for wind turbines are mapped according to PlanMER Windvisie (2012)
These areas are given an estimated capacity and expected energy generation per year, when implementing 7,5 MW and 3 MW wind turbines.
Potentials per district are calculated with ArcGIS.

District Capacity MW Expected energy generation GWh Expected energy generation TJ
Westpoort 100 200 720 Locatie 1 * Overlaps Geuzenveld-Slotermeer and Bos & Lommer for a small part
Amsterdam-Noord 24 53 Locatie 2

15 31 Locatie 3

12 42+ Locatie 4

51 126 453,6
Zeeburg 31,5 75 270 Locatie 5 * Overlaps Oost-Watergraafsmeer for a small part
Oost-Watergraafsmeer 12 22 79,2 Locatie 6
Zuidoost 48 108 Locatie 7

12 27 Locatie 8

9 20 + Locatie 9

69 155 558

Total 263,5 578 2.080,8

Solar potentials kWh

kWh per district is calculated in ArcGIS from a shapefile received from Laura Hakvoort (DRO Amsterdam)

Roofs of buildings are considered for the potentials: shade, surface of roof and sloping of roof are taken into account

District Potential kWh 1

Amsterdam-Centrum 59.904.057 215,65
Amsterdam-Noord 91.111.479 328
Westpoort 45.079.054 162,28
Zuidoost 62.518.616 225,07
Oost-Watergraafsmeer 37.060.334 133,4
Zeeburg 28.319.494 101,95
Geuzenveld-Slotermeer 1.849.431 6,66
Osdorp 20.827.552 75
Slotervaart 13.826.845 49,78
Bos en Lommer 5.608.855 20,19
Westerpark 18.088.861 65,12
De Baarsjes 5.750.631 20,7
Oud-West 12.129.954 43,67
Oud-Zuid 39.521.525 142,28
Zuider Amstel 29.869.751 107,53

471.466.439  1.697,3

Open heat-cold storage potential

Formula: 'Energetic capacity' * 0,65 * 0,50 * built area factor Single source system efficiency Thermal loss factor
Based on Energy Atlas (2014) 0,65 0,5
District [GIS] Accumulated MJ/1 km2 Surface m2 Energetic capacity MJ Built area factor  Practical capacity MJ T
Zuidoost 1.832.581,4 21.663.655 39.700.411.209 0,70 9.031.843.550 9.031,84
Oost-Watergraafsmeer 847.503,1 10.734.631 9.097.633.050 1,00 2.956.730.741 2.956,73
Zeeburg 1.623.557,5 19.822.887 32.183.596.861 1,00 10.459.668.980 10.459,67
Geuzenveld-Slotermeer 974.652,3 10.329.803 10.067.966.252 0,65 2.126.857.871 2.126,86
Osdorp 969.602,6 11.052.274 10.716.313.606 0,65 2.263.821.249 2.263,82
Slotervaart 1.019.846,3 11.662.605 11.894.064.558 0,75 2.899.178.236 2.899,18
Bos en Lommer 241.170,6 2.804.540 676.372.595 1,00 219.821.093 219,82
Westerpark 331.234,3 4.221.446 1.398.287.711 1,00 454.443.506 454,44
De Baarsjes 124.476,5 1.718.826 213.953.445 1,00 69.534.869 69,53
Oud-West 134.366,7 1.769.207 237.722.506 1,00 77.259.815 77,26
Oud-Zuid 590.416,3 7.173.181 4.235.162.985 1,00 1.376.427.970 1.376,43
Zuider Amstel 741.789,3 10.401.994 7.716.087.848 1,00 2.507.728.551 2.507,73
Amsterdam-Centrum 588.003,0 8.425.728 4.954.353.341 1,00 1.610.164.836 1.610,16
Amsterdam-Noord 5.158.023,2 62.418.845 321.957.850.627 0,25 26.159.075.363 26.159,08
Westpoort 3.474.477,8 35.176.138 122.218.710.571 1,00 39.721.080.935 39.721,08
Total 18.651.700,9 219.375.760 577.268.487.164 101.933.637.566  101.933,63 TJ
*MJ per km2 is calculated in *surface is calculated
ArcGIS, with a shapefile received with AutoCAD*

from Laura Hakvoort (DRO
Amsterdam)



Appendix 3.2 Potential waste part 1

Amounts of kg waste per district are based on an interactive map from www.maps.
amsterdam.nl

Domestic waste Amsterdam (kg)
Kilograms are calculated from maps.amsterdam.nl
Energetic formula for waste is based on Energy Atlas (2014)

kg kg
Amsterdam-Centrum Amsterdam-Noord Zuidoost Westpoort Zeeburg 16.255.569 Oost-Watergr 17.060.925
Garden waste 2868040 170558 162722 [Resi [Fruit & Garden | Fruit & [arden
Fruit and vegetable waste 6801352 1790859 3823967 866125 232375 88725 822870 220770 84294
Residual waste 12537432 23622283 20014806 888060 238260 90972 747635 200585 76587
Total 22.206.824 25.583.700 24.001.495 840.000.000 * 781.050 209.550 80.010 100.450 26.950 10.290
299095 80245 30639 293150 78650 30030
Practical potential GJ Practical potential GJ Practical potential G} * According to 377405 101255 38661 515165 138215 52773
29.979,2 34.538,0 32.402,0 Energy Atlas, 280440 75240 28728 592655 159005 60711
total industrial 812415 217965 83223 993840 266640 101808
T T T waste is 1211140 324940 124068 61295 16455 6279
29,9792124 34,537995 32,40201825 840.000.000 kg 373510 100210 38262 354240 95040 36288
This is assumed 557805 149655 57141 24600 6600 2520
to come from 521315 139865 53403 724880 194480 74256
industrial area 654155 175505 67011 1067845 286495 109389
Formula for waste: Westpoort 485645 130295 49749 405080 108680 41496
total kg * 0,50 =.../ 1000 = ... * 10 G) = ... * 0,27 = ... GJ practical potential 93275 25025 9555 492820 132220 50484
Practical potential GJ 50225 13475 5145 633450 169950 64890
0,5 = suitable percentage for incineration 1.134.000 64780 17380 6636 719755 193105 73731
/ 1000 * 10 GJ = energetic value of 10 GJ per 1000 kg 479290 128590 49098 628325 168575 64365
0,27 = 27% power plant AEB efficiency T 174660 46860 17892 46945 12595 4809
1134 1385185 371635 141897 822255 220605 84231
552475 148225 56595 302170 81070 30954
296840 79640 30408 166870 44770 17094
654155 175505 67011 175070 46970 17934
11.859.045 3.181.695 1.214.829 367155 98505 37611
229600 61600 23520
Practical potential GJ 134275 36025 13755
21.945,0 124025 33275 12705
538740 144540 55188
hl 361415 96965 37023
21,94501815 12.446.575 3.339.335 1.275.015
Practical potential GJ
23.032,2
T
23,032249
ke kg kg kg kg ke
De Baarsjes 10.928.640 BosenlLommer 9.948.480 Westerpark 10.994.880 Geuzenveld-Slotermeer 13.019.024 Osdorp 15.849.828 Slotervaart  14.748.322
total
524160 1254720 321600 824268 1090084 959262
1002880 599680 380160 979824 350746 943170
582.400 1476800 987840 975354 845128 1093366
597760 332160 1156160 472628 1475100 845426
737280 461440 847680 928270 1484338 605536
432960 674880 279680 1124354 806388 749172
684480 55360 866880 984592 866584 1472120
268480 2119680 1051520 971778 970586 174926
990080 1804800 453760 993234 2053322 930356
573440 1168960 386880 1789192 172840 996810
489280 9948480 394560 77182 1777570 222308
330880 308160 1397620 1364244 237804
1090880 Practical potential GJ 638720 685102 1080250 186548
557760 13.430,4 181760 815626 1512648 431206
1158720 885120 13019024 15849828 873140
907200 T 540800 868372
10928640 13,43045 403520 Practical potential GJ Practical potential GJ 651130
413120 17.575,7 21.397,3 463688
Practical potential GJ 496960 299788
14.753,7 10994880 ) T) 727418
17,57568 21,39727 606728
T Practical potential GJ 256876
14,753664 14.843,1 66454
86718
T 14748322
14,843088

Practical potential GJ
19.910,2

T

19,9102347




Appendix 3.2 Potential waste part 2

Zuider Amstel 14.023.273  Oud-Zuid 24.615.163 Oud-West 10.421.120
Residual |Fruit & vegetable |Garden | |Residua| |Fruit & vegetable |Garden | |Residual |Fruit & vegetable |Garden
589315 126086 87712 299495 64078 44576 1007958 255234 121128
488050 104420 72640 330240 70656 49152 502348 127204 60368
905.150 193.660 134.720 710.360 151.984 105.728 695.738 176.174  83.608
610815 130686 90912 510410 109204 75968 420099 106377 50484
259720 55568 38656 462035 98854 68768 668943 169389 80388
29025 6210 4320 517505 110722 77024 483009 122307 58044
528685 113114 78688 521160 111504 77568 581801 147323 69916
474505 101522 70624 640055 136942 95264 576209 145907 69244
664995 142278 98976 1040600 222640 154880 518658 131334 62328
542230 116012 80704 406780 87032 60544 1246317 315591 149772
434085 92874 64608 765830 163852 113984 487203 123369 58548
348300 74520 51840 495360 105984 73728 198516 50268 23856
323145 69138 48096 474290 101476 70592 201079 50917 24164
172860 36984 25728 595550 127420 88640 7.587.878 1.921.394 911.848
633605 135562 94304 712725 152490 106080
699825 149730 104160 514710 110124 76608  Practical potential GJ
38700 8280 5760 532555 113942 79264 14.068,5
864730 185012 128704 177590 37996 26432
733365 156906 109152 307450 65780 45760 TJ
171785 36754 25568 280575 60030 41760  14,068512
777225 166290 115680 288100 61640 42880
10.290.115 2.201.606  1.531.552 262730 56212 39104
165120 35328 24576
Practical potential GJ 425270 90988 63296
18.931,4 401405 85822 59744
635110 135884 94528
T 182965 39146 27232
18,931419 299495 64078 44576
515140 110216 76672
524600 112240 78080
315835 67574 47008
285950 61180 42560
542445 116058 80736
317555 67942 47264
500950 107180 74560
830330 177652 123584
488480 104512 72704
318200 68080 47360
434945 93058 64736
32465 6946 4832
18.062.365 3.864.446 2.688.352

Practical potential GJ

33.230,5

T

33,23047



Appendix 3.3 Potential residual heat
and geothermal heat

Residual heat potential
Residual heat is based on Energy Atlas (2014)
To only reveal potentials that make a significant contribution to renewable energy, values of 500 GJ (0,5 TJ) and lower are excluded

Formula for practical potential: theoretical ...

0,3342 = efficiency factor (Energy Atlas, 2014)

District
Westpoort

Slotervaart

Amsterdam-Noord
Bos en Lommer
Amsterdam-Centrum
Zuider Amstel

Oost-Watergraafsmeer

Zuidoost

[external]

Diemen 33+34 power plant

Heat potential GJ
500000
5000
5000

50000
50000
5000
5000

5000
5000
5000
50000
500000
5000

5000
5000
5000

500000
50000
50000

5000
5000

500000

Geothermal heat potential

District

Westpoort
Amsterdam-Noord*
Zeeburg

Westerpark
Amsterdam-Centrum
Bos en Lommer
Oost-Watergraafsmeer
De Baarsjes

Oud-West
Geuzenveld-Slotermeer
Osdorp

Slotervaart

Oud-Zuid

Zuider Amstel
Zuidoost

GJ*0,

3342=..G)

Number of units

Geothermal potential surface within district km2

27,66
1,92
6,52
0,54
2,67
1,98

10,57

1,7
1,8
10,3
11,1
11,7
7,2
104
21,7

~

Theoretical heat potential GJ

500000
20000
35000

Practical potential GJ

B we e

555.000
50000
50000
15000

5000

185481

AR RN R

120.000
5.000
5.000

10.000
50.000
500.000
30.000

40104
1671
1671
3342

oW s

580.000
20.000
15.000

5.000

193836

VoR R R

40.000
500000
50.000
50.000
30.000
25.000

13368

Total

Average potential PJ/km2
0,13
0,15
0,06
0,15
0,12

655.000
1.500.000

3.470.000

GJ

218901
501300

1.159.674

Conversion PJ to TJ

GJ to TJ factor:
0,001

Practical potential TJ

185,481

40,104
1,671
1,671
3,342

193,836

13,368

218,901
501,3

1.159,7

Efficiency factor:
0,3342

Source

AEB power plant
Data centers
Offices

Datacentre
Power plant
Hospitals
Office

Hospital
Office
Offices
Hospital
Power plant
Offices

Data centers
Offices
Hospital

Power plant
Hospital
Data center
Data centers
Offices

Power plant

Geothermal system efficiency: 73,2% (Energy Atlas, 2014)

211,33 * Although Amsterdam-Noord covers a big area, the
286,36 surface of geothermal potential was small compared

1000 0,732
Potential PJ Potential TJ Practical potential TJ
3,5958 3595,8 2.632,13
0,28870245 288,70245
0,3912 391,2
0,081 81 59,29 to this amount
0,3204 320,4 234,53
0,1782 178,2 130,44
0,7399 739,9 541,61
0,204 204 149,33
0,234 234 171,29
1,751 1751 1.281,73
2,109 2109 1.543,79
1,989 1989 1.455,95
0,504 504 368,93
0,208 208 152,26
0,0651 65,1 47,65 +
12.659 9.266,61



Appendix 4. Energy consumption for
transport, districts

Energy consumption for transportation

Unlike energy consumption for households and utility, the energy consumption for the transportation
sector is not measured in the CO2-uitstoot rapportage 2009.

Thus the numbers representing 2009 are still missing accurately measured numbers considering
transportation in the 15 districts. To offer an indication of the energy consumption per district
considering transport, the estimated energy consumption per capita for transport is used.

For the total energy consumption of transport, numbers from 2012 are used for a recent indication.

The energy consumption per capita = total energy consumption transport / amount of Amsterdam inhabitants.

Total energy consumption transport: 12.002,7 TJ *measured by Klimaatmonitor, 2012*
Amount of Amsterdam inhabitants: 810.937 *measured by CBS, 12 dec. 2014*
Transport energy consumption per capita = 0,01480103 TJ *calculated*

Subsequently, the energy consumption per capita is multiplied with the amount of inhabitants per

district. Then, an indication of the energy consumption for transport per district can be given.

The 15 districts are an old configuration of Amsterdam districts, and used in the CO2-uitstoot rapportage 2009.
(since the 1st of May 2010 Amsterdam has administrative borders of 8 simplified districts)

The following amounts of inhabitants in these former districts are derived from Wikipedia, Wikipedia subsequently
derived these numbers from CBS (Centraal Bureau Statistiek).

District Inhabitants Year  Energy consumption transport [TJ]

Bos en Lommer 30.660 2003 453,8
Oud-West 31.741 2003 469,8
De Baarsjes 33.847 2007 501,0
Westerpark 34.059 2007 504,1
Oud-Zuid 83.696 2005 1.238,8
Zuider Amstel 46.784 2007 692,5
Amsterdam-Centrum 81.110 2009 1.200,5
Oost-Watergraafsmeer 57.666 2003 853,5
Zeeburg 52.701 2009 780,0
Zuidoost 84.811 2003 1.255,3
Amsterdam-Noord 86.675 2011 1.282,9
Westpoort 370 2007 5,5
Geuzenveld-Slotermeer 40.605 2003 601,0
Osdorp 45.627 2006 675,3
Slotervaart 44.006 2006 651,3

+
754.358 11.165,3 *

* This total number of consumption in TJ is smaller than the total of 12.002,7 measured in 2012,
due to differences in years of measurement. However, the 11.165,3 is considered to be still an
accurate indication of energy consumption for transport.
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Appendix 6. Three urban metabolic
components and

their elements

Input

Internal processes

Output

Zhang and Yang,
2007

Material input

- Material conversion
- Material storage

Waste discharge

Hau and Bakshi,
2004.

solar energy,
geothermal heat
and tidal energy

Material inflow

Material stock/storage

Material outflow

Newman (1999)

Resource inputs
(Land, Water,
Food, Energy,

Waste outputs
(Solid waste, Liquid
waste, Toxics,

extraction(fossil
fuels, minerals,
and biomass)

- Imports(fossil
fuels, raw
materials, etc.)
- Indirect flows

-recycling(local,external)

Building material Sewage, Air
and Other pollutants,
resources) Greenhouse gases,
Waste heat and
Noise)
Ngo and Pataki inputs of outputs of pollution
(2008) resources (waste and
greenhouse gas
emissions)
Baccini and To nourish, recover; to
Brunner (1991) clean; to reside and work;
to transport and
communicate (4 major
urban activities)
Barles (2009) - Unused local In society/economy - Unused local
extraction - Material accumulation extraction
- Local - Material throughput -To nature (emissions

to air and water,
wastes landfilled and
dissipative flows)

- Exports except
wastes

- Indirect flows
associated with

subsystem

-Storm- & wastewater
drainage subsystem
-Wastewater treatment
subsystem

-Storm- & waste water
discharge & Re-use
subsystem

associated with exports
imports
Barles et al. - Food import - Food consumption - Food waste
(2011) - Food export
Venkatesh and | -Water supply -Water treatment, -Waste
Brattebg (2011) | system distribution and demand -Emissions

(all coming from the
subsystems of the
internal processes)




Haberl, 2011

- Imports
- Domestic
extraction

- Material stocks
(buildings, machinery etc.)
- Material throughput

- Energy provision

- Energy consumption

- Exports

- Residues
- Wastes

- Emissions

Spiller and
Agudelo, 2011

Food, water,
energy(heat, gas,

Urban metabolic element

Heat loss, water,
carbon, nutrients,

and electriciy) pathogenes
Ngo and Pataki | - Fuel Transformations of matter | - Air pollution
(2009) - Electricity and energy - Greenhouse gases
- Water import - Local energy generation - Waste heat

- Precipitation
- Food
- Other materials

- Groundwater
- Surface water

- Water pollution
- Evapotranspiration
- Stormwater runoff

- Wastewater
- Food production discharge
- Solid waste
- Water pollution
Kennedy et al.,, | - Energy Storage of materials and - Energy
(2011) - Water energy - Water
- Nutrients - Nutrients
- Materials - Materials
- Wastes - Wastes
Korhonen,2011 Solar energy Waste heat

Decker et al,
2000

-Stored inputs
(construction and
waste)
-transformed
inputs(food, fuel,
water)

-passive
inputs(air, water,
heat)

-atmospheric outputs
-aquatic and marine
outputs

-earth system
linkages







