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WW LCI

= WW LCI is an excel-based model to calculate
chemical-specific LCIs for chemicals discharged in
urban wastewater

= QOriginally focused on specific substances rather
than generic pollution descriptors:

= Ethanolv" = Nitrate v/ = N-total x
= BODX  « Suspendedsolids% = Diclofenac v’
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WW LCI: input data

Phys-chem data:
Organic/inorganic

Composition (C, H, O, N, S, P, Cl)
Molecular weight

Vapour pressure

Solubility

Kow

Half-lives in the environment

Fate in WWTP data:
»  Fraction degraded
Fraction volatilized
Fraction to sludge
Anaerobic degradability

Substance-specific data:

WW LCI

/ entered by user

Scenario data:

Country

% population connected to WWTPs
% discharge to sea/freshwater
WWTP size distribution

Climate data

Sludge disposal scenario

T~
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Life cycle inventory for chemical ‘x’
discharged in urban wastewater:

«  Sewer infrastructure

«  WWTP infrastructure

«  Emissions to air and effluent from
WWTP

Energy use in WWTP

Sludge transport

Sludge disposal infrastructure

and soil

«  Emissions to air and water from direct

discharges to environment

Scenario data: WW LCI database

(or entered by user)

Sludge disposal emissions to air, water
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WW LCI in Excel
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|Cell colour codes [Green cells not to be filled in |Brown cells can be filled in or changed |
|Scenario data
| Country NL
| Choice of country data set Datab
W mixture yes
Connection to urban wastewater collecting systems - fotal (%) 99 4% 0%
Urban wastewater collecting systems - without treatment (%) 0.0% 0%
| Urban wastewater collecting systems - with treatment (%) 99 4% 0%
X ciowsioruiisiiionent Urban wastewater treatment - primary treatment (%) 0.0% 0%
it ooraiio Urban wastewater treatment - secondary treatment (%) 1.0% Eurostat, data from 2015 0%
| Urban wastewater treatment - tertiary treatment (%) 98.4% 0%
Connection to independent wastewater collecting systems - fotal (%) 0.6% 100%
Independent wastewater collecting systems - with treatment (%) 0.6% 100%
| Independent wastewater collecting systems - without treatment (%) 0.0% 0%
| Wastewater discharge Discharge to inland waters (%) S Imelistadinm rnacisiue nlendinarenn-snniialent disrhameas ranadarin i 100%
|scenario P W By VR
— A B © H . J K L M
Dodecylbenze
| LCI for WWTP+sludge disposal+environme ater nesulfonic Diclofenac Ibuprofen Afrazine 0
- CSVmaker
| 28 Reference flow (kg) | 1 1 1 1 0
X:ZZ':‘";‘;; 2 Polyacrylamide {GLO ) 0 0 0 0 0
| 4 | Polyelectrolyte consul ) 0.001870877 0002446014 0002126331 9 4294E-05 0
= 5 | Ammonium, from was ) -0.07413202 -0.00022328 -0.08097466 0 0
6 Phosphate, from wast ) -0.02895267 -0.00030792  -0.0316251  -0.00031793 0
| 7| Methanol (kg) ) 0 0 ] 0 0
il 8 FeCI3 (k) ) 0 0 0 0 0
| B 9 Sodium hypochlorite 1OE-06  7.22755E-06 7 22755E-06 7.22755E-06 7.22755E-06 0
{ Nutrient remog Electricity (kWh) [7TE-05 1724419142 0262375783 1614825509 0.028282605 0
11 Heat (MJ) iME-05 0.000483131 0.342140409 4 8024E-05 0.009969866 0
Sludge treat 12 WWTP infrastructure I5E-13  2.01743E-13  1.99903E-13  1.99843E-13  2.0006E-13 0
WWTPs 13 | WWTP infrastructure BE-13  5.00995E-13 4.96428E-13 4.96279E-13 4.96816E-13 0
I W 14 | WWTP infrastructure 1I3E-12  2.06551E-12 2.04668E-12 2.04606E-12 2.04828E-12 0
L || Wastewater WWTP infrastructure '8E-12  143933E-12 14262E-12 142578E-12 1.42732E-12 0
16 treatment WWTP infrastructure hd 2E-13 4 53358E-13 4 49224F-13 4 49089E-13 4.49576E-13 4]
17 Sewer 4 7E10 Liysar E X I I m a ro 3E.11 4 07413E11  4.07T413E-11  4.07413E-41  4.07413E-11 0
18 Sewer 1.1E10 Liyear STE-11  4.19687E-11 4.19687E-11 4.19687E-11  4.19687E-11 0
19 Sewer 5E9 Liyear (kn JTE-11  7.82687E-11 7.82687E-11 7.82687E-11 7.82687E-11 0
20 Sewer 1E9 Liyear (kr ME-11  151194E-11 151194E-11 151194E-11 1 51194E-11 0
21 Sewer 1.6E8 Liyear ( 'OE-13 0 61979E-13 961979E-13 961979E-13 961979E-13 0
22 | Polyvinylchloride, bult B6E-08 6.31456E-08 6.31456E-08 6.31456E-08 6.31456E-08 0
23 Polyethylene, high densuy (xy) | 1./49020C-Uo  1.f4000C-Uo  |.r4o0oc-uo  1.r4008E-08 1.74658E-08 1.74658E-08 1.74658E-08 1.74658E-08 0
24 Extrusion, plastics (kg) B806114E-08 BO06114E-08 B06114E-08 B806114E-08 B806114E-08 806114E-08 806114E-08 8.06114E-08 0
25 Excavation, hydraulic digger (m3) | 8.46994F-09 8 46994F-09 846994E-09 8 46994E-09 8 46994E-09 8 46994FE-09 8 46994E-09 8 46994F-09 0
26 Sand (kg) 1.95205E-07 1.95205E-07 1.95205E-07 1.95205E-07 1.95205E-07 1.95205E-07 1.95205E-07 1.95205E-07 0
27 Gravel, crushed (kg) 5.45651E-06 5.45651E-06 545651E-06 5.45651E-06 545651E-06 545651E-06 5.45651E-08 5.45651E-06 0
28 Fibre glass (kg) | 158818E-05 158818E-05 158818E-05 158818E-05 158818E-05 158818E-05 158818E-05 1.58818E-05 0
29 Sodium hydroxide, 50% in H20, production mix, at plant (kg) 7.34064E-06 7 34064E-06 7 34064E-06 7 34064E-06 7 34064E-06 7 34064E-06 7 34064E-068 7 34064E-06 0
30 Sludge transport _|transport to sludge disposal facilities, lorry (kgkm) | 252786096 44 45124693 69 03759354 0 36.16061245 4665768154 4055356131 1.901974431 0
31 Compost plant infrastructure (units) 0 0 0 0 0 0 0 0 ]
2. | |Sldae _ [Flectricih by T ————— n L E s n_ N 0 N n n n
» WWTP input | CODNPSSinput | USESLCAinput  LCloutput | Readyto CSV output | Parameters | Database | Metals | Envdegcalc | EnergyWWTP | Pi... (%) ]
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Coverage of wastewater components

Wastewater WW AL
component LCI v2 [LCI V3
Organics v Surfactants, pesticides, solvents...

Inorganics (non-metals) v v Phosphates, carbonates, zeolite...

Generic pollution
descriptors

s v COD, TSS, N-total, P-total

Ag, Al, As, Cd, Cr, Cu, Hg, Mn, Ni, Pb,

Inorganics (metals) x Zn, Ba, Co, Fe, Mg, Sb, Va

= WW LCI v3 covers all main chemical content in urban
wastewater:
= Organic matter (COD/BOD)
= Nutrients (N/P)
= Organic micropollutants (e.g. Pesticides)
= Inorganic micropollutants (metals)
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Geographical-technological coverage:
Methane emissions from open sewers

|Ramadi, Irak* RSSREiEE ZJElubo, Ghana*=

2 e

* Source: https://www.crookedbrains.net/2008/01/open-sewers-of-world.html

= JPCC’s Methane correction factor (MCF): expresses anaerobic conditions
= MCF for open-stagnant sewers according to IPCC: 0.5 (0.4 - 0.8)

Vs

Same for all countries?

Doorn MRJ et al. (2006) Wastewater treatment and discharge. In: Eggleston HS et al.
LCA constiart (eds) IPCC guidelines for national greenhouse gas inventories, vol 5. IGES, Chapter 6



Geographical-technological coverage:
Methane emissions from open sewers

= Michiel Doorn, author of IPCC-wastewater report:

”... You are right that a hot climate would enhance anaerobic
conditions... I agree that Russia would be very different than India for
reasons of climate and perhaps infrastructure”

= We introduce a climate-dependent MCF*:

Mali = 0.75

0.8
India = 0.62

0.7
0.6
0.5
0.4

MCF in open sewers

0.3
1.05 (Ti-20)
MCF =075 ———
0.2 open, i (28.2-20)
. 1.05
Russia = 0.18
0.1
0.0
-5 0 5 10 15 20 755 30

Mean annual air temperature (2C)

*Partly based on: Chaosakul T et al. (2014) A model for methane production in
LA comeliot ———— gewers. J Environ Sci Heal A, 49 (11): 1316-1321



Geographical-technological coverage:
Electricity demand vs. size in WWTPs

= Unitary electricity consumption as a function of plant capacity:

5.0 |

*
4= + ESscale factor, relative to 2E6 m3/d

4.0
; ® US scale factor, relative to 2E6 m3/d
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Scale factor

m3/day

Example: WWTP 2E+06 m3/d = 0.27 kWh/m3
WWTP 2E+04 m3/d = 0.27 x 1.9 = 0.51 kWh/m3

Stillwell AS et al. (2010) Energy Recovery from Wastewater Treatment Plants in the United States: A Case
Study of the Energy-Water Nexus. Sustainability 2010, 2, 945-962.

Albadelejo A et al. (2015) Parametrizacion del consumo energético en las depuradoras de aguas residuales
urbanas de la Comunidad Valenciana. Tecnoacqua, n® 11-15 Enero-Febrero 2015.



Geographical-technological coverage:
Climate-dependent heat balance in WWTPs

= Of special relevance for WWTPs with anaerobic digestion of sludge

= Monthly heat balance at the digester, as a function of local T:
Heat demand (MJ/d) = Losses (wall, floor, roof) + Sludge heating

Example: WWTPS in Thailand and Russia

Month WWTP in Russia WWTP in Thailand
Mean T (°C)| Without CHP With CHP Mean T (°C)| Without CHP With CHP
January -18 24 Seff-sufficient  Self-sufficient
February -16 26 Seff-sufficient  Self-sufficient
March -10 Self-sufficient 28 Seff-sufficient  Self-sufficient
April -1 Seff-sufficient 29 Seff-sufficient  Selff-sufficient
May 7 Seff-sufficient 29 Seff-sufficient  Self-sufficient
June 13 Self-sufficient Self-sufficient 28 Self-sufficient  Self-sufficient
July 16 Self-sufficient Seff-sufficient 28 Seff-sufficient  Self-sufficient
August 14 Seff-sufficient Seff-sufficient 27 Seff-sufficient  Self-sufficient
September 9 Self-sufficient 27 Seff-sufficient  Self-sufficient
October 0 Self-sufficient 27 Seff-sufficient  Self-sufficient
November -9 Seff-sufficient 26 Seff-sufficient  Self-sufficient
December -15 24 Self-sufficient  Self-sufficient

CHP: cogeneration of heat and power



Geographical-technological coverage:
Uncontrolled landfill and landfill mix

= Two landfill options in WW LCI v3:

No
0.8
No
No

Infrastructure inputs
Methane correction factor
Methane capture
Leachate collection

= Attempting a country-specific
landfill mix:

= We assume controlled landfilling
is proportional to gross national
income (GNI, $ per capita)

= GNI>35,000 - 100% controlled
= GNI<2,500 — 0% controlled

Yes

Yes
Yes

Controlled landfill/total landfill

100%

-
Germany
(100%)

90%
80%
70%
60%
50%
40%

30% (1.001 +0.000)

y=0.000 + X A

)

China
(19%)

20%

10941.150

10%

0%

0 5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45,000
GNI (USD per capita)
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Geographical-technological coverage:
WW LCI database country coverage

B WW LCl coverage

81 cou‘ntries, 89% of World’s population
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Geographical-technological coverage:
Content of WW LCI database

= For each country:
= 9% population connected to sewer, treatment (primary, secondary, etc.)
= Distribution of WWTP capacity by size
= % WWTP with anaerobic digestion of sludge
= % WWTP with CHP
= 9 wastewater discharged to inland waters or sea
= 9% sludge to landfill, composting, incineration, agriculture
= Mean annual and monthly temperatures
= GNI and landfill mix estimate
= Estimate of MCF for open sewers



Validating parts of the model:
Electricity, sludge production, effluent

= Comparing WW LCI prediction to reported data for 7 WWTPs of
different size, wastewater composition and treatment level

1.4 0.50

12 WWTP electricity demand hye WWTP sludge production
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Example results for all countries
Hypothetical wastewater

Wastewater component

Chemical oxygen demand (COD) 500

Total suspended solids (TSS) 250
Total nitrogen 30
Total phosphorus 6
Dodecylbenzenesulfonic acid 5
Ibuprofen 0.012
Zinc 0.1
Diclofenac 6.5E-04
Copper 0.03
Silver 0.003
Lead 0.025

= Enter composition and substance-specific data in WW LCI
= Get LCI results per country (one by one)
= Export LCIs to SimaPro as CSV file

% LOA corsedlants



Example results for all countries
GHG emissions, kg CO,-eq/m?3
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Example results for all countries

Contribution analysis SD and NL
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Thank you!

More info and documentation about WW LCI v3:
http://lca-net.com/projects/show/wastewater-Ici-
initiative/
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