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Sanitation systems:

New (pre-)planning challenges

B New and alternative sanitation systems (NASS), which often are
decentralized, provide new system configuration options

B Increasing importance of sustainability assessment, e.g. EIA, LCA
B Increasing interest in nutrient recovery

-> Discussion and selection of locally appropriate solution becomes
more challenging

B Some earlier and related approaches to support this process:
[0 Campos et al. (2012), Ormandzhieva et al. (2014) (visualization)
I Spuhler et al. (2018) (systematic selection process)
... and many more ...
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Sanitation systems:

New (pre-)planning challenges: (1) Criteria

B How to assess potential options? - Criteria definition
B Requirement: feasible for practical application

B Analysis of other approaches: ESAT (2012), TWIST++ (2017),
DWA-A272 (2018), ...

-> Samisons Criteria Set:
Criterion Description Indicator

Eutrophication Potential (EP) Essentials: N, P, COD, NH; kg PO4-eq
Energy Input final energy, primary energy use. MJ
Ecology Greenhouse Gas Emissions CO,, CH,, N,O kg CO,-eq

ecotoxicological substances

0,
(Proxy here: Diclofenac). -

pharmaceuticals

Physical Footprint Surface area required m?
Economy Life-Cycle Cost Costs and revenues (CAPEX, OPEX) NPV (€)
Social Issues Social Acceptance Qualitative indicator Rating scale
Flexibility Flexibility Regarding changing general conditions  Rating scale
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Sanitation systems:

New (pre-)planning challenges: (2) Visualisation

B Numerous discussions (often enthusiastic)
B Earlier attempts: e.g. Excel-based approach
B Easy-to-use, fun-to-use approach missing

B Building and visualising sanitation systems in a model
B Objective here:
[ NOT detailed process simulation (such as in ASM, ADM1 etc.)

0 BUT “quick-and-easy” visualisation of resource fluxes and
assessment

B Solution idea here:

[ Setup of building blocks using flexible simulator framework (Simba#)
(availability/demand, process models, GUI, LCA — simba.ifak.eu)

[ Provision of Sampsons tool to the enduser




Resource fluxes and constituents of interest

B Resource fluxes (adapted from Tilley et al., 2008, 2014)

Urine Blackwater —
Faeces —_— Sludge

Drinking water —_ Digested sludge —_
Wastewater —_— Biogas —_—
Pre-treated wastewater ——3  Biowaste —_—
Treated wastewater — Digestate —
Grey water —_— Fertilizer —_—
Pre-treated greywater Ash —_—
Treated greywater e Rain water —_

B Constituents of interest:
N, P, K, S, Diclo, COD, TSS
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Sanitation systems:

Simulation and Visualisation

B Block (module) library: Building your system in a model
O Setup: User-interface — Collection&Transfer — Treatment — Use/Disposal
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Sanitation systems:

Simulation and Visualisation

B An example block: Act. Sludge Plant (Class 2: 1000 — 5000 PE)
Modelling blocks are built by project team members

Wastewater Treatment Plant (Class 2)

N

User parameter dialogue

(O Parameter block - o X
| Defaults for G2

Parameter

Genenal | CriteriaOther | Efficiencies | CriteriaConstruction | CriteriaOperation | CostsCAPEX | CostsOPEX | Invisible
Energy demand can be specified EITHER as KWh/m3 or as kWh/PE/a

. Energy demand per m3/0 KWh/m3
Parameter categories: Energy demand perinhabitantand yeor 425 wpe/s
* Normal Direct emissions: specify them here ONLY IF they leave the system (not going into any other block).
Direct emissions are used for calucation of GHG/EP/PE.
+ Advanced Direct emissions (during operation) PO4[0 kg/(PE%S)
+ Non-editable Direct emissions (during operation) CH4|0.25 kg/(PE"a)
Direct emissions (during operation) N20|0.022 kg/(PE"a)
Factor for direct emissions (during operation) NH3(0.0003
Direct emissions (during operation) COD[3.7 kg/(PE"S)
Direct emissions (during operation) Total N30 kg/(PE"3)
Direct emissions (during operation) Total P|0.153 kg/(PE"s)

[ Help [Oefoutts] Cancel |_OK
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Sanitation systems:

Simulation and Visualisation

B Example model: Co-digestion of biowaste and blackwater
Visualisation of flows [m3/d] as dynamic Sankey diagram
Greywater

)Y e

Sludge Constructed wetland

Pre-treatment
i 1
Organic bin and transpoBiowaste pretreatment

t

: Biowaste . : |
ittt | @ =)
4
e - m - ‘TJ _J v Transport
s L Mixing Digester Fertilizer usage
Vacuum toilette biowaste with
) # black water
H J Flush water

External water resources
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Sanitation systems:

Simulation and Visualisation

B Example model: Co-digestion of biowaste and blackwater
Visualisation of Nitrogen fluxes [kg/d] as dynamic Sankey diagram

Greywater— | ]
l — - Treated water
D o
- Sludge  Constructed wetland
Pre-treatment

| ]
! g o .
o CHP
Organic bin and iranspalwwas;.e pretreatment
Biowaste | ; )
3
[} ' 3 /.
‘ N
Inhabitants - Mixin Digester e Fertilizer usage
Vacuum toilette biowags!e with
| black water
Flush water

1

External water resources
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Sanitation systems:

Simulation and Visualisation

B Modelling as a tool to aid stakeholder participation

Participation

Scenarios

Input data

Modelling

Output results

/

Discussions, recommendations for strategies and plans www.lima-water.de
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New (pre-)planning challenges (3): LCA

Integration of modelling with LCA/assessm.

Disposal

CapitalGains
Other

Requirement: not only simulation and visualisation,
but also sustainability assessment

Categorisation of Sampsons criteria
Capital costs (overall; planning, construction, ...)
Operational costs (Overall; maintenance, energy, ...)
Capital resources (material demands for construction)

Operational resources (consumption during operation, energy,
emissions, ...)
-> Calculation of evaluation criteria for system’s life
cycle (LCA)

Glassfibre
Copper
SoilExcavated
Thermalenert
Filtermaterial
Rubber

L EP
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Integration of modelling with

LCA and sustainability assessment

Coupling of process modelling and LCA calculations
B Each block has evaluation functions using global LCA parameters
B Evaluation (aggregation); Output at end of the simulation

© Global parameters - O x
| General | £P| GHG [PE |
Factor for calculation of GHE from PC4 0 kgCOZ-eg/kg
Factor for calculation of GHG from total N 0 kgC02-eq/kg
Factor for calculation of GHG from NH3-N 3 kgCO2-eq/kg
Factor for calculation of GHG from NOx 0 kgC02-eq/kg Source of LCA
Factor for calculation of GHG from total B 0 kgCOZ-eg/kg )
Factor for calculation of GHG from €OD 0 kaC02-eq/kg parameters:
Factor for calculation of GHG from €02 1 kgCO2-eq/kg GaBi and ecoinvent
Factar for calculation of GHG from CHA 28 kgCO2-eq/kg databases
Factor for calculation of GHG from N20 265 kgCOZ-eq/kg
Factor for calculation of GHE from electricity 014 kgC02-eq/kWh
Factor for calculation of GHG from steel 35 kgCO2-eq/kg
Factor for calculation of GHG from steel2 |44 kgCCZ-eq/kg
Factor for calculation of GHG from concrete 0.1 kgC02-eq/kg
Factor for calculation of GHE from reenforced concrete 0,137 kgCOZ-eq/kg
Factor for calculation of GHG from PP 153 kgC02-eq/kg
Factor for calculation of GHE from HDPE 1.3 kgCCZ-eq/kg
Factor for calculation of GHG from PVC 255 kgC02-2q/kg
Factor for calculation of GHG from cast iron 367 kgCOZ-eq/kg
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Integration of modelling with

LCA and sustainability assessment

Some LCA output and visualisation
Results
Investment costs Resources for construction

Evaluation
— — T T T
= —— ]
- o e s M
— . :
e DS R T :
b e = o . Ressource recovery potential
Digester Unspecified total investmant costs [nicht 1097600€ 2763m2ss
petie -
GeneralCAPEX total 109850675 € Pt 5;‘ :w :Z Nrecovered Description Vatue Unit
‘Planning ‘wetland b ey 16242kg/2
e T ——— o ¥
onstructed ital costs for pianning — Kg/a
G Copt ot or paning o s Env. Impacts (w/o constr.) ... T
; =
Operational costs i
e Valu<Un
o T Ve o Pt = CE T
e i3 T =
Generaoper oot =
- 1 N o Watland 2% Sudoe
Pre-treatment Unspecied tots! o QO Pre-trat Vacuum 001g Fertiizer usage: ai97s0/e
=y e et Yo T —
Constructed general cperational costs X e ellnd pigester ok
o < e
e Unspecified total op i LN o%/a Digester S n; = = e
Digester Unspecified total operatic (Ds\"\\o T78929¢/a :{‘:"m 37 Trvetag =
- — Construc Studoe oxga
Ge . 79029¢€/a ‘wetland Fertilizer usage 31755 kg/a.
prm— o
Pre-treatment  Specific operational o mabi o0&/ toilette  GHG .
: iy e Graphical output:
o 35
Dnster i
- i Yet under development
40 = . tota 1361408/a Digester
‘CapitalGains
e oen

GHG el 202kg COR-29/.
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Example models

Example models, serving for validation
0 SCST Berlin-Stahnsdorf
[ Sanitation system of Wohlsborn/Thuringia
[ “Wastewater-free university campus” of Birkenfeld/Nahe
O...
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Technology fact sheets

Fact sheet example: “Flush toilet”

Factsheet System Component Flush Toilet
Status:

Topie P i T Information required:
- Efficiencies of process
z - Costs (CAPEX, OPEX)
o o e - Material demand
P - sl i - Consumables demand

- Energy demand
- Direct emissions

1,5|LPE"d |desar_do oot

[Energy Fiow 1
[Material Flow 1

T
e B Based on this
i s [Material 3 Demand 41,5 Myunt production (based on a total weight of 27.1 ka) |nf0rmat|0n, addltlonal
et i
technology blocks can
T30 € see Ubsisich € W estimated via googie Shopping
7: ; i estimated one hour installation time by a specialist| be created
o €T |

o "a i
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Example models

Remaining work
[ Visualisation of LCA results
[0 Completion of example models
O Implementation of additional sanitation technologies

And you?

If you are interested in
1 Supplying fact sheet of additional sanitation technologies or
[0 Using the Sampsons tool once it is finished,

please, contact us!

Email: manfred.schuetze@ifak.eu
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Thank you!

Manfred Schiitze
Alexander Wriege-Bechtold
Heinrich Sobke

Imke WiBmann
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Deutsche Bundesstiftung Umwelt
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