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Centralized socio-technical system
Proportion of population connected to sewers
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Global challenges and drivers of change

Py
Little or no Economic Approaching B Physical No data
water scarcity water scarcity water scarcity water scarcity
* Global Environmental Change * Socio-demographic change
Water scarcity... Infrastructure flexibility...
« Ageing infrastructure  Innovation deficit
Financing, leaking pipes.... Lock-in, path-dependency ...

Source: Larsen et al. (2016): https://doi.org/10.0.4.102/science.aad8641 m
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Central or decentral?

* Not well understood economics
Economies of scale
Diseconomies of scale
Network effects
Economics of a hybrid system
Geographic influence

environment social

https://d3n8a8pro7vhmx.cloudfront.net/votesustainable/pages/28/attachments/original/1455504148/Sustainability-diagram-enlarged.png? 1455504148



Central or decentral?

* Not well understood economics
Economies of scale
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Economics of a hybrid system
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Economics of a hybrid system

total central total decentral systemn costs

Treatment + Transport + Treatment + Transport = Total

Source: Eggimann et al. 2016b
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Economics of a hybrid system

total central i total decentral systemn costs
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Economics of a hybrid system

total central total decentral systemn costs

|Treatment|+ Transport + Treatment + Transport = Total
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Economics of a hybrid system

total central total decentral systemn costs

Treatment +| Transport |+ Treatment + Transport = Total
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Source: Eggimann et al. (2016):
https://doi.org/10.1016/j.watres.2016.07.062 Connection rate
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SNIP: Geospatial modelling approach

Heuristic geospatial cost optimisation
Shortest path finding, agglomerative hierarchical clustering...
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Towards a full cost assessment

_ total central total decentral system costs
|Treatment + Transport |+ Treatment + Transport = Total
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Towards a full cost assessment

total central total decentral systemn costs

Treatment + Transport +| Treatment |+ Transport = Total
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Economies of density

total central total decentral systemn costs

Treatment + Transport + Treatment +| Transport |= Total

Geospatial analysis on operation and maintenance
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Towards a full cost assessment

total central total decentral systemn costs

Treatment + Transport + Treatment +| Transport |= Total
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Towards a full cost assessment

) total central i total decentral system costs
Treatment + Transport +| Treatment + Transport |= Total
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Optimal degree of centralization
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Optimal degree of centralization

total central total decentral systemn costs

Treatment + Transport + Treatment + Transport =| Total |

Optimal connection rate
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Screening analysis for estimating markets

« Deriving proxy to screen for optimal degree 1T wes
Population density (urban, peri-urban, rural)

» Geospatial analysis for Switzerland
Raster-cell based optimisation

Decentral treatment
WWTP category A and B [in %]

[ Joo-s0
] 5.1-100
B 10.1-150
B 15.1-200
B > 201
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Geodata: Federal Office of Topography

Source: Eggimann et al. (2018): https://doi.org/10.1016/j.landusepol.2018.07.031
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European market potentials for modular treatment

Market potential of modular infrastructure concepts on a European scale
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European market potentials for modular treatment

Market potential of modular infrastructure concepts on a European scale
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European market potentials for modular treatment

Table 4
Fopularion density-based screened market potential for small modular wastewarer management systems in Eurepe and current population percentages withoue
central treatment (Furostat, 20017,

Extrapolated small modular market potential — Cuorrently no eentral Annual number of small modular treatment units with Swiss plant distribution (53%
treatment category A, 12% category B)

Cowritry Fopulation [%i] Population [PE] Population [%] 10 PE [+#] 110 PE ] Totel 4]
France 10 5, BED,O00 19 15,219 2,064 17,284
Germany £ 5,050,000 3 13,510 1,832 15,343
Faland 10 3,858,000 28 10,321 1,400 11,721
Traly ] 3,428,000 12 2,170 1244 10,414
United Kingdom 4 2,703,000 [i] 7230 980 5,211
Spain 4 2,004,000 2 5,613 Tl 6,375
Romania 7 1,510,000 5R 4,040 548 4,588
Crech Republic 8 201,000 20 2,384 323 2,708
Sweden 10 287,000 13 2,374 32z 2,696
Partugal 9 B51,000 29 2,276 309 2,584
Ausiria 12 B46,000 3 2,264 307 2,271
Ketherlands 4 722,000 1 1,930 262 2,192
Hungary £ £98,000 27 1,867 253 2,120
Belgium f £68,000 16 1,787 242 2,029
Gieece ] 64,000 & L7786 241 2,017
Finland 11 618,000 17 1,654 224 1,879
Irish Republic 13 61,000 35 1,500 203 1,703
Nenmark 11 527,000 9 1411 1491 1,602
Switzerland 7 325,01 2 1,405 191 1,596
Norway 11 220,000 18 1391 159 L5380
Bulgaria 7 511,000 43 1,568 186 1,553
Slovakia 7 408,000 e 1091 148 1,239
Lithuania 11 345,000 26 922 125 1,047
Slovenia 13 270,000 45 723 a5 &21
Latvia 9 191,000 29 all a9 S0
Catonia 11 128,000 18 342 46 388
Luxembaourg g 42,0040 1 113 15 126
Ioeland 7 14,000 9 47 i 54
Malta 2z 7000 1 19 3 22
Total - 35,234,000 - 94,260 12,785 107 045

Source: Eggimann et al. (2018): https://doi.org/10.1016/j.landusepol.2018.07.031
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Germany
5.1 million PE

2

Poland
3.9 million PE

France
5.7 million PE
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Concluding remarks

Increasing spatial price differentiation fosters decentral treatment
Leapfrog age of fully centralised systems

Spatial economic analysis revealed promising entry markets for
modular systems

Socio-technical challenges remain (demographic, regulations, automation...)

European context differs

« Some countries (e.g. Switzerland) should reconsider mandatory connection rule

« Some countires (e.g UK, Germany) could focus on technological upgrading of
existing decentral treatment system with more sustainble alternatives

« Some countries (e.g. Hungary, Portugal) should invest in «system hybridization»




Transition towards new degrees of centralization

Economies of learning, cost of packaged treatment plants,
SBR membranes...

2,000 4
1,500
1,800 -
1,700 -
1,600
1,500
1,400 -
1,300 -
1,200
1,100
1,000
SO0
800
700
&00

500
400 4
300

200

100
0

2014 USE per kWh

Source: Nykvist and Nilsson (2015)

2005

Falling costs for batteries for electricity vehicles

$5% conf interval whole industry
959 conf interval market leaders

+ % Publications, reports and journals

* Mews iterns with expert statements

4 Log fit of news, reports, and jowrnals: 12 £ 6% decline
\ Additional cost estimates without clear method

Market leader, Nissan Motors, Leaf

Market leader, Tesla Motors, Model 5

Other battery electric vehicles

Log fit of market leaders only: 8 + 8% decline
Log fit of all estimates: 14 £ &% decline
Future costs estimated in publications

<UJSE150 per k'Wh goal for commercialization
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Transition towards new degrees of centralization
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Fig. 6. Average treatment cost data for on-site WMS.

Eggimann et al. (2016b): https://doi.org/10.1016/j.watres.2016.07.062
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