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Introduction

Figure 1: Centralized phosphorus (P)
recovery in Amsterdam West.

STRATEGY 1: solutions are linked
by sewers to the centralized
WWTP West and Waternet.
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Methodology

Waternet (water board in Amsterdam) = Incoming Change €<
searches for a resilient and feasible System
Components

strategy to expand the WW treatment |
plant ( WWTP) West with decentralized A A
(P) recovery. The study compared
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strategies and specific recommendations
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WWTP expansion over 15 years - an Figure 2: the DSM, where 1 shows a

average life-span of a WW infrastructure.

Results & Discussion

dependencies) ™

dependency e.g. A provides to B, C, E.

The Design Structure Matrix (DSM) was
combined with the Cost-Benefit Analysis
(CBA). The DSM is a square matrix
describing elements and dependencies.
The Change Propagation Indicator (>CPI)
guantifies dependencies: incoming and
outgoing. The ACPI shows if an element
Multiplies, Carries or Absorbs change.
>CPl and ACPI unriddle generic behaviour
of a system and specific improvements
that increase resilience i.e. WW system.
The CBA quantified CAPEX and OPEX for
WW management e.g. energy, materials.

GENERIC BEHAVIOUR: Waternet is Absorber (owner) of changes
Waternet (76 incoming propagated by the users, the solutions and the sewers towards
and 70 outgoing the water and the sludge infrastructure at WWTP West and the
\ sludge incineration afterwards, which is the only utilization chain.
J

SPECIFIC IMPROVEMENTS
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Figure 3: conceptual overview of solutions implemented in Amsterdam i.e. 1, 3; and envisioned i.e. 2, 4.

BENEFIT: delay overflow/ reduce costs for sludge management.

Due to a limited space, not all improvements are presented.

STRATEGY 2: solutions are disconnected
from the centralized WWTP West via
living machines (biofiltration) on site.

> Waternet (20
X, Q . .
S incoming and 20
> 65 .
& be outgoing
& QO dependencies)

treet-scale closed
loop Biorefinery

(solution 5,
100 users)

J

Neighborhoo
closed loop WWTP

(solution 6,
10.000 users)

GENERIC BEHAVIOUR: Waternet is Carrier (distributor) of
changes propagated by the users to stakeholders i.e. waste
utility, real estate, tech. providers and a P-valorisation company.

SPECIFIC IMPROVEMENTS

1> Users: multipliers of positive change

RISK: quality of discharged WW effluent / produced resources;
COST: online monitoring; incentives for users and stakeholders;
BENEFIT: increase sales of resources; reduce costs for WWTP.

II> Biofilter: absorber of changes

RISK: changes in quantity of WW — overflow/ dry-out;
) COST: double the size, install rain water collection;

Figure 4: conceptual overview of solutions

BENEFIT: robust technology; low mainteance.

implemented (5) and envisioned (6) in Amsterdam. Due to a limited space, not all improvements are presented.

Conclusions

COST-BENEFIT ANALYSIS

Cost in 15 years Benefit in 15 years

® Strategy 1 Strategy 2

Figure 5: costs and benefits for the competing
strategies, including WW tax. Strategy 2 only
possible if Strategy 1 is phased out over 15 years
(average end of technology life cycle i.e. WWTP).

1. The strategy 1 is less resilient and cost-beneficial. To increase resilience, Waternet has to reduce change propagation from up the WW chain i.e. Users, or buffer it;
which will only increase costs i.e. awareness campaigns for the users, building silos for sludge storage or a mono-incineration or composting at the WWTP West site.

2. The strategy 2 is more resilient and cost-beneficial. To increase resilience, online monitoring of technology and business performance can be provided by actors
other than Waternet. To increase benefits, the closed-loop solutions can be upgraded with technologies for production of water, energy and proteins sold to market.
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		HUN2		7.01		2.966		5.1		1.719		53.87		18.16
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		Treated		2.975		2.585		2.312		3.012		2.609		2.355		2.112





Chart3

		HPO-A		HPO-A

		HPI-A		HPI-A

		HPI-NA		HPI-NA

		HPO-N		HPO-N



Nov-90

Apr-91

% Distribution

46

57

18

13

25

21

11

9



Sheet2

		

		HPO-A		46		57

		HPI-A		18		13

		HPI-NA		25		21

		HPO-N		11		9






Raw 1 (Jan)

		HAF

		FAF

		HPI-A

		HPI-NA

		HPO-N



Raw % DOC Composition (January 2000)

7.3937777778

49.664

0.4977777778

29.68

12.7644444444



Raw 2 (Jan)

		HAF

		FAF

		HPI-A

		HPI-NA

		HPO-N



raw mass composition (January 2000)

0.5545333333

3.7248

0.0373333333

2.226

0.9573333333



Raw 1 (Jun)

		HAF

		FAF

		HPI-A

		HPI-NA

		HPO-N



Raw % composition (June 2000)

17.1429512625

35.8737008548

7.4563931942

27.0535140744

12.473440614



Raw 2 (Jun)

		HAF

		FAF

		HPI-A

		HPI-NA

		HPO-N



raw mass composition (June 2000)

1.3877219047

2.9039760842

0.6035950291

2.1899819643

1.0097250177



fil 1 (Jun)

		HAF

		FAF

		HPI-A

		HPI-NA



filtered % composition (June 2000)

5

14

1

80



fil 2 (Jun)

		HAF

		FAF

		HPI-A

		HPI-NA



filtered mass composition (June 2000)

0.141

0.3948

0.0282

2.256



Raw 1 (Nov)

		HAF

		FAF

		HPI-A

		HPI-NA



raw % composition (November 2000)

17.6652086096

60.9608307208

8.1671850411

13.2067756286



Raw 2 (Nov)

		HAF

		FAF

		HPI-A

		HPI-NA



raw mass compostion (November 2000)

1.8089173616

6.2423890658

0.8363197482

1.3523738244



fil 1 (Nov)

		HAF

		FAF

		HPI-A

		HPI-NA



filtered % composition (November 2000)

1.913191185

33.181350856

11.3986857986

53.5067721604



fil 2 (Nov)

		HAF

		FAF

		HPI-A

		HPI-NA



filtered mass composition (November 2000)

0.0405405212

0.7031128246

0.2415381521

1.1338085021



Chart1

		17.6652086096		60.9608307208		8.1671850411		13.2067756286

		1.913191185		33.181350856		11.3986857986		53.5067721604



Raw

Filtered

HAF

FAF

HPI-A

HPI-NA

DOC (%)



Data

		

		January				7.5

						Raw		%		mass

				HAF		41.59		7.39		0.55

				FAF		279.36		49.66		3.72

				HPI-A		2.8		0.50		0.04

				HPI-NA		166.95		29.68		2.23

				HPO-N		71.8		12.76		0.96

						562.5

		June				8.095								2.82

						Raw		%		Mass				Clarified		%		mass

				HAF		104.08		17.14		1.39						5		0.14

				FAF		217.8		35.87		2.90						14		0.39

				HPI-A		45.27		7.46		0.60						1		0.03

				HPI-NA		164.25		27.05		2.19						80		2.26

				HPO-N		75.73		12.47		1.01

						607.13

		November				10.24								2.119

						Raw		%		mass				Clarified		%		mass

				HAF		142.56		17.67		1.81				4.28		1.91		0.04

				FAF		491.96		60.96		6.24				74.23		33.18		0.70

				HPI-A		65.91		8.17		0.84				25.5		11.40		0.24

				HPI-NA		106.58		13.21		1.35				119.7		53.51		1.13

						807.01								223.71
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