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Preface

Together with Procter & Gamble, Henkel and Unilever, 2.-0 LCA consultants initiated in 2015 the
Wastewater Life Cycle Initiative, with the aim of developing a model to calculate life cycle inventories of
chemical substances in wastewater. The Wastewater life cycle initiative is administrated by 2.-0 LCA
consultants. For more information and subscription, please contact 2.-0 LCA consultants:
http://Ica-net.com/clubs/wastewater/

Recommended reference to this report:

Mufdoz I, (2021), Wastewater life cycle inventory initiative. WW LCI version 4.0 user manual. 2.-0 LCA
consultants, Aalborg http://Ica-net.com/clubs/wastewater/

Aalborg, March 2021

Published by:
2.-0 LCA consultants

Front page picture: Overview of the wastewater treatment plant of Antwerpen-Zuid, located in the south of
the agglomeration of Antwerp (Belgium). Source:
https://en.wikipedia.org/wiki/Wastewater treatment#/media/File:WWTP_Antwerpen-Zuid.jpg
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Acronyms and abbreviations

APOS Allocation at the point of substitution

BODs Biological oxygen demand in five days

CAS Chemical abstracts service

CoD Chemical oxygen demand

csv Comma-separated values

Deg. Fraction of chemical, expressed in mass percentage, expected to degrade in air
Deg; Fraction of chemical, expressed in mass percentage, expected to degrade in soil
Degsed Fraction of chemical, expressed in mass percentage, expected to degrade in sediments
Degw Fraction of chemical, expressed in mass percentage, expected to degrade in water
Fair Fraction of chemical, in mass percentage, that undergoes volatilization in the WWTP
Fdeg Fraction of chemical, in mass percentage, that undergoes degradation in the WWTP
Fsludge Fraction of chemical, in mass percentage, that partitioning to sludge in the WWTP
GWP Global warming potential

HL Half-life (seconds)

IFA International Fertilizer Association

Kd sed Solid/liquid partition coefficients in sediments (dimensionless)

Kd soil Solid/liquid partition coefficients in soil (dimensionless)

Kd susp Solid/liquid partition coefficients in suspended solids (dimensionless)

kdeg air Decay constant in the atmosphere, in s

kdeg sed Decay constant in sediments, in s,

kdeg soil Decay constant in soil, in s2.

kdeg water  Decay constant in water, in s,

Koc Soil organic carbon-water partitioning coefficient (dimensionless)

Kow Octanol-water partitioning coefficient (dimensionless)

LCA Life cycle assessment

LCI Life cycle inventory

LCIA Life cycle impact assessment

MW Molecular weight (g/mol)

pKa Acid dissociation constant (dimensionless)

QSAR Quantitative structure-activity relationships

SS Suspended solids = total suspended solids (TSS)

TSS Total suspended solids

VSS Volatile suspended solids

ISS Inert suspended solids

Total-N Total nitrogen

Total-P Total phosphorus

WWTP Wastewater treatment plant

AD Anaerobic digestion

CHP Cogeneration of heat and power

MCF Methane correction factor
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1 Introduction and purpose of this document

WW LCl is a model and tool programmed in MS Excel, designed to calculate life cycle inventories (LCls) of
municipal wastewater discharges and sanitation. The model addresses both centralized and decentralized
wastewater and human excreta management, as well as sludge disposal and untreated discharges of
wastewater and septic sludge. An overview of the individual processes covered by WW LCl is given in Figure
1. While the user provides as main input data a characterization of the generated wastewater, the tool
already incorporates a set of average scenario conditions at the country level, by means of a database
storing these country profiles. The outcome of the calculation is an LCI describing the management of the
indicated wastewater under the established scenario, which is linked to ecoinvent data sets and can be
imported to the software SimaPro and GaBi.

Wastewater/human excreta
|

! v v v
OperT Latrine Sewer Septic tank
defecation
Transport
Primary Enh. primary Primary Stabilization Primary
treatment treatment treatment pond treatment
¥ ¥
Activated | | Activated
sludge sludge
v
Nutrient
removal
¥
Sand
filter
¥
NaOCl
disinfection
Discharge to
environment
Reuse in Anaerobic
agriculture digestion —— Untreated wastewater flow
1 —— Treated wastewater flow
- - — Sludge flow
Thickening,
dewatering
drying
Landfarming
Incineration
_ Controlled Uncontrolled
Transport - -
landfilling landfilling

Figure 1. Overview of the processes included in WW LCI.
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In this document we provide instructions to operate the Excel file where version 4 of WW LCl has been
programmed. It is not a purpose of this document to describe the developed model from a scientific point
of view. For the latter, the reader is instead referred to the model documentation (Munoz 2021).
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2 Accessing WW LCI

Accessing WW LCl requires registering as a member of the Wastewater Life Cycle Initiative. This can be
done by contacting 2.-0 LCA consultants at info@Ica-net.com. Once becoming a registered member, the

user receives by email a username and password to access the members-only section of the Initiative, at:
http://Ica-net.com/clubs/wastewater/ (Figure 2). Once logged in, all files are available for download,
including WW LCI.

LCA conmltants

BLOG ABOUT ~  SERVICES AND SOLUTIONS PROJECTS PUBLICATIONS CLUB » SIMAPRO

Home > 2.0 Clubs

Wastewater Club

F § s . OGIN

Do you need to model in your LCA studies the environmental impact of wastewater, or & oy

of specific chemicals present in wastewater? Qur Wastewater Club gives you access to

WW LCI, an Excel-based model that calculates life cycle inventories for urban EMAIL

wastewater discharges in more than 8o countries. | |
PASSWORD

Become a member of the Wastewater Club | |

The wastewater initiative is open to everyone and a subscription costs 3,000 EUR for

companies and 1,500 EUR for universities (single fee, indefinite license). Would you [ REMEMBER ME

like to subscribe, or to know more? Read more here or contact us.

Figure 2. Screenshot of the 2.-0 LCA consultants’ website showing the Wastewater LCl initiative section.
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3 How to use WW LCI

3.1 Structure of the Excel file

WW LCI has in total 35 sheets, however only 21 are visible, and only 10 are intended to be manipulated by
the user. Sheets intended for direct use are the following:

e Tierl-input
o Tier2-input
e USESLCA

e Scenario

e Readyto CSV
e Ready to GaBi
e Parameters

e Database

e Refs

e Uncert

These 10 sheets are marked in yellow background, as shown in Figure 3.

3 Credits | Tierl-input | Tier2-input | USESLCA | Scenario LCI | Readyto CSV | Readyto GaBi | Uncert Parameters. Database | Refs | Metals |

Figure 3. Sheets in yellow background in WW LCI are those intended to be manipulated by the user.

The second to fifth sheets (Tierl-input, Tier2-input, USESLCA, Scenario) allow the user to either enter data
and choose from drop-down menus, in order to set up an assessment and obtain an LCI. In these sheets the
following colour code is used:

Green cells not to be filled in

Brown cells can be filled in

Cells in green background might contain formulae and are not to be used, whereas cells in brown
background can be safely filled in.

Sheets not intended for direct use are the following:

e Metals

e Sewer

e Reuse

e Envdeg

e Energy&AD
e Pri

e Pond

o AS

e Tert

e Septic
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e Sludge

e Landfill

e |Incin

e Compost

e landfarm
e Transpose
e ICI

e Credits

On the one hand, the first 17 sheets contain intermediate calculations and do not require any input from
the user. They are kept visible to allow full transparency on the calculations. The last sheet, on the other
hand, serves just as a frontpage for the file.

As mentioned above, there are also 13 hidden sheets (Figure 4). These sheets contain the necessary
calculations for environmental multimedia fate modelling according to USES-LCA 2.0. Given their large
number, their complexity, and the fact that they are not to be manipulated by the user, they are kept
hidden. The user is free to unhide them, however care should be taken not to modify their content. In this
document we do not describe these sheets further, and the interested reader is referred to the USES-LCA
literature (Huijbregts et al. 2005; van Zelm et al. 2009), as well as to the original documentation of the
Simplebox model (Brandes et al. 1996), which served as the basis for the development of fate modelling in
USES-LCA.

It must be stressed that none of the (visible and hidden) sheets in WW LCl and their content are protected.
The user should be careful not to modify the content of any cells other than those intended for that
purpose, as explained in the following sections.

USESLCAsubst.db
USESLCAengine
USESLCAcorr.factors
USESLCAlevel 3
USESLCAlocal
USESLCAreg
USESLCAcont
USESLCAmMod
USESLCAarctic
USESLCAtropic
USESLCA-5TPinput
USESLCA-STPoutput
USESLCA-5TPengine

Figure 4. Screenshot of the list of hidden sheets in WW LCI.
3.2 Conducting a Tier 1 assessment

A Tier 1 assessment applies when the only information available to the LCA practitioner on wastewater
composition is limited to generic pollution descriptors such as chemical oxygen demand (COD). The model
accommodates this kind of generic descriptors, for those cases where the individual chemicals present in

10
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wastewater cannot be identified. In particular, in Tier 1 a wastewater is defined based on four easily

available measures, expressed in mg/L: COD, TSS, Total-N, Total-P and a total of 17 metals.

3.2.1

Input data in ‘Tier1-input’

The first step to perform a Tier 1 assessment in WW LCl is to introduce the wastewater composition in

sheet ‘Tierl-input’, containing three tables intended to be populated or modified by the user:

Influent composition: in this table (Figure 5), under column ‘User data’ the user enters the
wastewater composition, in mg/L, for COD, N, P, TSS and metals. For COD, N and P it is possible to
either provide the total value, or to specify the soluble and the suspended fraction separately. For
TSS it is possible to specify the volatile (VSS) and inert (ISS) fraction separately. When only the
totals for COD, N, P and SS are provided, the fractionation is estimated automatically, using typical
ratios from domestic wastewater (see Figure 5). The result of this fractionation can be seen in the
column ‘Fractionation’. In the column ‘User data’ it is possible to enter the total for one parameter,
while specifying the soluble and suspended fractions for other parameters. For example, we can
enter COD total, SS total (TSS), but then specify the soluble and suspended fractions for N and P. It
is important, though, that for each of the four measures, only one of the options for data entry is
used, that is, we either 1) enter the total value or 2) enter the soluble and/or the suspended
fraction. In case an incorrect combination of data is entered, an automated error flag will appear.

Organic carbon labelling: as a default, organic carbon in wastewater is labelled as 100% biogenic.
This percentage can be adjusted by the user to a lower value if necessary.

Primary settling in WWTP with secondary treatment by activated sludge: as a default, 100% of
wastewater treatment plants (WWTPs) applying activated sludge as biological treatment are
assumed to include a primary settling tank. This percentage can be adjusted by the user to a lower
value if necessary.

Ratios: This table contains a list of ratios used to fractionate the wastewater. The values chosen are
typical of domestic wastewater.

11
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Influent composition 3

Parameters User data Fractionation
Chemical oxygen demand, total, COD (mg O2/L) 500 500.0
COD, soluble (mg 02/L) 218.8
COD, suspended (mg O2/L) 2813
Nitrogen, total, N (mg N/L) 30 30.0
N, soluble (mg N/L) 256
N, suspended (mg N/L) 4.4
Phosphorus, fotal, P (mg PiL) 6 60
P, soluble (mg P/L) 42
P, suspended (mg P/L) 1.8
Suspended solids, total, TSS (mg TSS/L) 250 2500
Suspended solids, volatile, VSS (mg VSSIL) 200.0
Suspended solids, inert, ISS (mg ISS/L) 50.0
Metals (mg/L)
Silver
Aluminium
Arsenic
Cadmium 0.0050
Chromium
Copper
| Mercury 0.0010
Manganese
Nickel
Lead
| Zinc
Barium
Cobalt
Iron
Magnesium
Antimony
Vanadium

Figure 5. Defining wastewater composition in sheet ‘Tierl-input’.

It is important to enter data for the four groups of measures (COD, N, P, SS) and only leave one or more
empty or with a zero value if their concentration is known to be zero mg/L. Below we provide some rules of
thumb to fill in data gaps i.e. to complete the four fields when one or more are missing and they are known
to be >0.

Table 1. Estimating the four wastewater pollution measures, based
on typical ratios in domestic wastewater (Henze and Comeau 2008).

Missing measure Estimate

Total COD =2.1-BODs

Total N =0.08 - COD
=0.15-TSS

Total P =(0.01t0 0.02) - COD
=(0.02 t0 0.04) - TSS

Total SS =0.5-COD

The current implementation of the calculations allows the user to have N, P and SS (either as totals or as
the sum of soluble and suspended) with a zero value, but COD must have a value above zero in all cases.
Again, this can refer to total COD, soluble COD, suspended COD, or a combination of the last two. This
flexibility in wastewater composition allows the user to deviate from typical domestic wastewater
compositions.

3.2.2 Inputdata in ‘Scenario’

In the sheet ‘Scenario’, the user establishes the context or conditions in which wastewater is managed. This
includes both geographical conditions (such as climate) and technological conditions (sanitation systems in

12
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place). This sheet contains three tables, although only the first one (Scenario data) requires input from the

user:

Scenario data: where the user sets the geography and wastewater/sludge treatment scenario,
among other aspects.

Organics and inorganics excluding metals: this table is automatically filled, based on the input data
from sheet ‘Tierl-input’. It reflects the composition of wastewater, physical-chemical properties
and fate factors in the WWTP and the environment for all wastewater components except metals.

Metals: equivalent to the table above, but intended only for the list of 17 metals supported by the
model.

| B & D Elrle]n 1| K L ] N o P a R s T u v w x W z [
5 |Country code | DE
6 [Country name Germany
7_[Choice of country data set Database
8 [Type of discharge Domestic, faecal water
9 |Wastewater modelled as mixture yes
10 “Connection to urban wastewater collecting systems - total (%) 952% Automated error flags:
11 Urban wastewater collecting systems - without treatment (%) 06% No errors
12 Urban wastewater collecting systems - with treatment (%) 95.4%
1 Urban wastewater treatment - primary treatment (%) 0.0%
14| towater collection ang | Uoan wasteviater treatment - secondary treatment (%) 25%
G M Urban wastewater treatment - tertiary treatment (%) 929%
16 Connection to independent wastewater collecting systems - total (%) 3.8% e STk e e
17 Inde pendent wastewater collecting systems - septic tanks (%) 2%
18 Inde pendent wastewater collecting systems - no treatment, discharge (%) 0%
19 Inde pendent wastewater collecting systems - no treatment, latrine (%) 6%
2 Inde pendent wastewater collecting systems - no treatment, open defecation (%) | 0.0%
21 555,000 m*/d 39
2 Weighted average capacity (m/d) 145,264
2 128,000-54.999 m*/d 1%
2 Weighted average capacity (m’/d) 37,864
2 550027999 m/d 33%
26 [WWTP capacity Weighted average capacity (m/d) 11,810
27 1,100.5,499 m'/d 4%
2 Weighted average capacity (m/d) 2707 1 e capaci P i sazon s £ etuated Sudgs 52 002
2 |<1.100 md 2%
30 Weighted average capacity (m*/d) rid [)
3 pond average capacity (m*/d) o 1,000
32 [Primary treatment Conventional (%) 0.0% 50%
33 technology Chemically-enhanced (%) 0.0%
34 [Secondary treatment [Activated sludge (%) 100 50%]
35 technology pond (%) 0.0%
| e— Connection to WWIP with nitrogen removal (%] 9% 50%)
3T WTPs (Connection to WWTP with nitrogen removal, using methanol (%) 0% e, i he ptcantsgeof N moual sing methanol i s e
38 Connection to WWTP with phosphorus removal (%) 3% 50%
39 |Sludge treatment in [Wastewater treated in WWTP with anaerobic digestion (%) 53% 50%
49 \WWTPs [Wastewater treated in WWTP with cogeneration of heat and power (%) 36% e 50%
“ Discharge to inland waters (%) 50%
g Estewaler dischatge 5 harge to marine waters (%) GG i BRdas
3 Treated wastewater reuse (% of wastewater tieated) 19 : 50%
4 Unireated wastewater reuse (% of wastewater generated ) 0%
45 rrigation water supply mix - surface water (%) 97%
45 Irrgation water supply mix - groundwater (%) (208) The s exlutes B
a7 su eawater desalination (%) 0%
b3 aincrd T oo

« v .| usesica Readyto CSV | ReadytoGaBi | Uncert | Parameters | Database | Refs | Metals | Sewer | Envdeg | EnergywaD | Pri | Pond .. @ « >

Figure 6. The ‘Scenario’ sheet in WW LCI.

The Scenario data table contains the following fields:

Type of assessment (drop-down menu): the user can choose between Tier 1 or Tier 2. When Tier 1
is chosen, this will load the wastewater composition defined in sheet ‘Tierl-input’.

Country (drop-down menu): the user can choose from this drop-down menu from the list of
covered countries. By choosing a country from the list, its scenario for wastewater management
will automatically load in cells L10 to L87. Countries are listed according to their ISO two-digit code.

Country name: this field is not to be manipulated by the user. It displays the above-chosen country
by its name.

Choice of country data set (drop-down menu): the user can choose whether to use the default
country-specific scenario in cells L10 to L87, or to use his/her own. In order to use the default data,
the option ‘Database’ must be chosen from the drop-down list, otherwise the option ‘User-specific’
must be chosen. After choosing ‘User-specific’ in the drop-down menu, the actual values shall be
entered by the user in cells R10 to R87. The values in column R will automatically override the

default ones in column L for as long as the option ‘User-specific’ is set.
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Type of discharge (drop-down menu): the user can choose from four different types of discharges,
namely ‘Domestic, grey water’, ‘Domestic-faecal water’, Domestic, grey & faecal water’ and
‘Industry’. This choice affects the wastewater/sanitation options involved in managing the
discharge. See the model documentation (Mufioz 2021) for further details on these types of
discharges.

Wastewater modelled as a mixture (drop-down menu): this field establishes whether or not the
list of components in wastewater are to be modelled as a mixture (yes) or only individually (no). As
a default, this field is set to ‘yes’.

If the user relies on default database data under ‘Choice of country data set’, then the fields below do not

need to be modified. Otherwise, when the user chooses the ‘User-specific’ option, the fields below need to

be individually defined, in column R:

Wastewater collection and treatment scenario: this field is in fact a sub-table describing the
scenario for wastewater management and sanitation in the chosen country, in percentages.

WWTP capacity: this sub-table describes the size of the centralized WWTPs in the chosen country.
The percentages express the percentage of wastewater treated in each of the five WWTP sizes out
of the total wastewater treated in the chosen country, while the absolute figures quantify the
average daily flow (in m3/day) in each of the five WWTP sizes. For waste stabilization ponds, a
specific field is provided, where the average daily flow of this particular type of plant in the country
is provided, in m3/day.

Primary treatment technology: establishes the percentage of wastewater treated in WWTPs with
primary treatment that applies either conventional primary settling or chemically-enhanced
primary settling.

Secondary treatment technology: establishes the percentage of wastewater treated in WWTPs
with secondary treatment that applies either activated sludge systems or stabilization pond
systems.

Nutrient removal: quantifies the percentages of wastewater treated in WWTPs with nitrogen
removal and phosphorus removal, respectively. N removal refers to nitrification followed by
denitrification, while P removal refers to chemical precipitation using iron chloride. As a default,
these percentages are set equal to the field ‘Urban wastewater treatment - tertiary treatment (%)’.
In case that ‘User-defined’ data are entered, the percentages provided by the user cannot exceed
the sum of wastewater treated in WWTPs with secondary treatment and with tertiary treatment
(sum of cells L14 and L15). This is because the model is not designed to consider any advanced
nutrient removal for instance in septic tanks or in WWTPs with primary treatment only. Finally, the
field ‘Connection to WWTP with nitrogen removal, using methanol (%)’ expresses what percentage
of N removal is carried out using methanol as an external carbon source. This is zero as a default.
The user can change this, entering any value between 0% and 100%, with 100% meaning that all
WWTPs that conduct N removal do this using methanol.

Sludge treatment in WWTPs: Provides the percentage of wastewater treated in WWTPs that apply
on-site anaerobic digestion (AD) of sludge, and the percentage of wastewater treated in WWTPs

14
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that apply both anaerobic digestion and use biogas for cogeneration of heat and power (CHP). The
percentage of AD+CHP can only be lower or equal to the percentage of AD, since the former is a
sub-set of the latter.

Wastewater discharge: contains the percentage of wastewater either discharged to freshwater or
to the sea. These percentages are applied to wastewater either discharged without treatment or in
centralized WWTPs. Wastewater treated in septic tanks and through latrines is assumed to be
discharged to groundwater, while open defecation assumes discharges to soil.

Wastewater reuse — treated/untreated: establishes the percentages of treated and untreated
wastewater used for irrigation in agriculture. Treated wastewater includes effluents from all types
of centralized WWTPs and septic tanks. Untreated wastewater considers wastewater from either
closed or open sewers, but excludes latrines and open defecation.

Wastewater reuse — Irrigation water supply mix: establishes the percentage of freshwater supply
from surface water, groundwater and from seawater (produced by desalination) substituted by
wastewater reuse in countries where water supply for agriculture is not constrained. See the model
documentation for further details (Munoz 2021).

Wastewater reuse — Crop production mix: establishes the most likely crops to be affected by a
marginal increase in irrigation through wastewater reuse in countries where water supply for
agriculture is constrained. See the model documentation for further details (Munoz 2021).

Septic sludge management: establishes the percentages of sludge removed from septic tanks that
is subject to either safe or unsafe disposal. Safe disposal is modelled as co-treatment with
wastewater in a WWTP, while unsafe disposal is modelled as direct discharge to surface waters.

Sludge disposal: quantifies the percentage of sludge (in dry mass), including that produced by
WWTPs and septic tanks, that is sent to any of the following off-site disposal options: composting,
reuse in agriculture (landfarming), landfilling — controlled, landfilling — uncontrolled, and
incineration with energy recovery. In reality, composting is not a final disposal option but a
treatment. The produced compost is modelled as sent for landfarming.

Ambient temperature: Shows the mean annual and monthly mean air temperatures in the chosen
country. This information is used in the calculation of methane emissions from discharges, as well
as in the heat energy balance in the WWTPs.

Methane correction factors: MCFs reflect the fraction of wastewater degradation that occurs
under anaerobic conditions, affecting, among others, methane emissions. We establish MCFs for
open/stagnant sewers (MCFopen), direct discharges of treated and untreated wastewater to surface
waters (MCFy), latrines (MCFyst), and also for open defecation (MCFopen). For closed sewers we
establish a different factor, called degradation factor in closed sewers (Degciosed), €Xpressing the
extent of degradation, always assumed to be under anaerobic conditions. See the model
documentation for further details (Munoz 2021).
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At this point, WW LCI will automatically calculate the LCI of each wastewater component individually. If the
option ‘Wastewater mixture’ is set to ‘yes’, then WW LCI will also combine all wastewater components and
calculate the LCI of this mixture according to their concentrations.

3.2.3 Limitations of Tier 1 assessments

A limitation of a Tier 1 assessment compared to a Tier 2 assessment is that the LCls obtained with the
former do not allow to properly assess toxicity-related impacts from organic pollution in wastewater. This is
because the pollution content is described with generic descriptors that are typically excluded from LCIA
methods. For example, COD does not have characterization factors for aquatic ecotoxicity. This situation
does not occur in Tier 2, since the organic load is in this case specified as a set of individual chemical
substances, for which characterization factors might be available.

3.3 Conducting a Tier 2 assessment

A Tier 2 assessment corresponds to the original procedure to model wastewater discharges with WW LCI. In
Tier 2, the individual substances discharged must be identified, as done in the field of environmental risk
assessment. An example would be to assess a wastewater generated by the use of a washing machine,
where the individual ingredients in the detergent formulation (content of surfactants A and B, builders C
and D, bleaches E and F, water, etc.) are known, as are their proportions in weight. A Tier 2 assessment can
be substantially more data-demanding than a Tier 1 assessment.

3.3.1 Inputdatain ‘Tier2-input’

The first step to perform a Tier 2 assessment in WW LCl is to introduce the wastewater composition in
sheet ‘Tier2-input’, containing two tables intended to be populated or modified by the user: ‘Organics and
inorganics excluding metals’ and ‘Metals’.

The table ‘Organics and inorganics excluding metals’ contains 30 open rows for introducing data on
individual chemicals. The following fields need to be completed by the user:

e Name: name of the chemical. This is the name that will appear in the calculated LCI. If the LCl is to
be imported to LCA software, where the chemical is to be classified by impact assessment methods
(for example ecotoxicity), then the name used in the software for this chemical must be used,
otherwise the chemical would not be recognized by the software in the impact assessment
calculations. If a different name is used, then the chemical can only be classified in the software by
adding the new name manually into the list of classified substances. See section 5.1 for details.

e Mass in mixture (kg/kg wastewater)/Leave this column blank: depending on whether the user
chooses ‘yes’ or ‘no’ in the field ‘Wastewater modelled as mixture’ (see section 3.2.2), the heading
of this field will have one of the two mentioned titles. When the substances entered in the table
are to be modelled as a mixture, the user must enter in this field the fraction in mass that the
chemical constitutes in the mixture. It should be noted that the sum in this field should add up to 1,
otherwise a warning will appear in the Automated error flags box (see 3.4). Also note that
chemicals can contribute to 0% in the mixture. In such a case their individual LCI will be obtained,
but they will not contribute to the wastewater mixture LCI. Finally, if the user is not modelling a
chemical mixture, then the ‘Leave this column blank’ message will appear in the column heading.
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CAS number: this field is optional.

Type (organic/inorganic): the substance must be labelled as organic or inorganic in the drop-down
list.

Composition (no of atoms in a molecule): in this field the number of atoms of each element,
related to the empirical formula of the chemical substance, must be entered. The following
elements are supported: carbon, hydrogen, oxygen, nitrogen, sulfur, phosphorus, and chlorine. If
the chemical substance contains other elements, their mass will be accounted for in mass balances
based on the substance’s molecular weight (see below).

Molecular weight (g/mol): the molecular weight of the substance should be entered, including all
its elements. For example, if a chemical substance has sodium in its molecule, the weight of the
sodium atoms can be accounted for in the molecular weight, however since sodium is not
supported by ‘Composition’ field, this will be treated by the model as an inert fraction of the
substance.

Vapour pressure (Pa): to define the chemical’s vapour pressure, in Pascal. This parameter is only
used to define if the chemical substance is volatile during sludge composting. As a default, the
model considers volatility only when vapour pressure is 10 Pa or higher.

Kow (dimensionless): to define the chemical’s octanol-water partitioning coefficient. In case there
is no Kow available, this field can be left blank. This parameter is used to estimate the chemical’s Kd
(see below).

pKa (dimensionless): to define, if applicable, the chemical’s acid dissociation constant. This
parameter is used to estimate the chemical’s Kd (see below).

Kd (dimensionless): to define the chemical’s solid/liquid partition coefficients in the WWTP’s
suspended solids. This is used to calculate the chemical-specific removal in sand filters, as part of
tertiary treatment. This field is only compulsory in the case that no Kow is available. The user can
choose to either enter Kow+pKa (in this case Kd is automatically estimated with them), or Kd on its
own. However, in the case that tertiary treatment is not relevant, or when a chemical has a Kd
lower than 0.001, then these parameters can be skipped, since the sand filter only removes
chemicals with relatively high Kd.

Biogenic carbon (yes/no/n.a.): to define whether or not the chemical substance is derived from
biogenic sources, e.g. biomass such as vegetable or animal sources (choose ‘yes’) or petrochemical
sources (choose ‘no’). In the particular case of inorganic chemicals either containing or not
containing carbon, the ‘n.a.” option must be chosen.

Fate in WWTP with 2ary tr. (activated sludge) (%) - Fair, Fdeg, Fsludge (%): this field includes four
sub-fields corresponding to the fraction of the chemical, in mass percentage, that undergoes the
following fate paths in a WWTP including secondary treatment by activated sludge: volatilization
(Fair), degradation (Fdeg), and partitioning to sludge (Fsludge). The remainder to close the balance
constitutes the fraction of chemical in the treated effluent, therefore these three percentages do
not necessarily need to add up to 100%, unless the fraction of chemical discharged in the effluent is
0%. These data about the fate of chemicals can be obtained by means of monitoring data,

17



LCA conultants

published studies, modelling with such models as Simpletreat (Franco et al. 213a, 2013b) or from
the estimates by the Technical Guidance Document on Risk Assessment (EC 2003), that we provide
in the Appendix. The percentages in these fields must reflect the removal level expected in a
WWTP applying secondary treatment by activated sludge. In Table 2 we provide tips for some
specific chemicals of importance in wastewater.

Fate in WWTP with secondary tr. - Anaerobic deg? (yes/no): in this field, the user defines whether
or not the chemical substance is degradable under anaerobic conditions. This information can be
obtained from anaerobic degradation test reports, or theoretically by means of quantitative
structure-activity relationship (QSAR) models like the Anaerobic Biodegradation model (BIOWIN 7)
included in the EPI Suite progam (USEPA 2009). Note that this field does not allow for the
determination of the degree of degradability, but only a binary label, i.e. degradable/not
degradable. This is because WW LCI considers the same degree of anaerobic degradation for all
degradable substances.

Fate in WWTP with 1ary tr. only (%) — Fsludge (%): this corresponds to the same type of fate
factors previously described for an activated sludge WWTP, but referring to a WWTP with primary
treatment only. In practice, by default in WW LCl it is assumed that Fair and Fdeg are zero in such a
plant, therefore the user is allowed to provide only a value for Fsludge. However, even providing
Fsludge is only optional. If no value is provided by the user, WW LCI estimates Fsludge for primary
treatment based on the data provided by the user for a WWTP with activated sludge. See the
model documentation in Mufioz (2021) for further details.

Fate in septic tank (%) — Fsludge (%): this corresponds to the same type of fate factors described in
the previous bullet, but referring to treatment in a septic tank. In practice, by default in WW LCl it is
assumed that Fair and Fdeg are zero in septic tanks, therefore the user is allowed to provide only a
value for Fsludge. However, even providing Fsludge is only optional. If no value is provided by the
user, WW LCI estimates Fsludge for septic tanks based on the data provided by the user for a
WWTP with activated sludge. See the model documentation in Mufioz (2021) for further details.

Fate in stabilization pond (%) - Fair, Fdeg, Fsludge (%): this corresponds to the same type of fate
factors described in the previous bullet, but referring to treatment in a waste stabilization pond
(WSP). In practice, providing the three fate factors optional. If no values are provided by the user,
WW LCI estimates them for WSPs based on the data provided by the user fora WWTP with
activated sludge. See the model documentation in Mufioz (2021) for further details.

Fate in the environment - if emitted to freshwater, if emitted to seawater, if emitted to soil, if
emitted to air — Deg,, Deg., Degs.q, Degs (%): these parameters are intended to reflect the fate of
the chemical substance if emitted to the environment, for example from a WWTP. The values for
these parameters are obtained in the sheet ‘USESLCA’ (see section 3.3.2), and pasted as values in
the corresponding cells in this table. However, it is not always necessary to fill all these fields. In
particular, if a chemical substance is inorganic, these fields must be left blank.
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Table 2. Tips on input data for certain chemicals.

Water
Water is by far the main component in a wastewater mixture. Input data for water must be entered in the ‘Tier2-input’ sheet

just like for any other chemical (its composition, molecular weight, etc.). Water is modelled in WW LCI as entirely discharged in
the effluent of the WWTP. Of course, some water could be evaporated from the WWTP. In this case the user can enter a value
for the parameter Fair. Concerning water leaving the WWTP as sludge moisture, this is calculated as part of the LCI for chemicals
producing sludge, and not as part of the LCI for the chemical ‘water’.

Chemicals including phosphorus
When assessing inorganic chemicals with phosphorus, such as phosphate (PO,%), if the WWTP includes P removal (as per the

scenario settings), the factor Fsludge should not account for this P removal, otherwise the model will account for P removal
twice. In the example of phosphate and similar chemicals, the value for Fsludge should be =0, i.e. as if there was no P removal.
The model will automatically account for P removal according to the parameter settings (the default P removal is 80% in a
WWTP with tertiary treatment). For organic chemicals with phosphorus, it is important to remember that P is only available for
P removal if this P is released from the parent molecule. This is the case for chemicals that degrade in the WWTP. Therefore, if a
chemical has P in its molecule but Fdeg = 0, then the model will not apply P removal to this substance.

Chemicals including nitrogen

If inorganic species with N are assessed, such as nitrate, nitrite or ammonium, in all cases Fdeg must be set to zero, as these are
already inorganic substances and will not degrade. Fsludge and Fair must be set to zero too. The model will automatically
incorporate these substances into the calculations for biological treatment, and if N removal is included (as per the scenario
settings), the nitrification and denitrification reactions will be applied, leading to a certain removal of each of these species.

For organic chemicals including nitrogen, the only N available for N removal is the one released from the parent molecule.
Therefore, if a chemical has N in its molecule but Fdeg = 0, then none of this N will be removed through nitrification-
denitrification.

The table ‘Metals’ is an equivalent to the previously described table, however it is meant to cover 17
metals. Any other metal not included in that list is currently not supported by the model. This table is used
in a different and simpler way. Below we describe the fields that need to be filled in by the user:

e Name: this is a drop-down menu, where the user chooses the target metal from the list of 17
elements available. When an element is chosen, the fields ‘CAS number’, ‘Type’, ‘Molecular weight’
and ‘Kd’ are automatically filled in.

e Mass in mixture (kg/kg wastewater)/Leave this column blank: this field is used as previously
described for the table ‘Organics and inorganics excluding metals’. Metal concentrations are
expressed in kg metal/kg wastewater.

o Fate in WWTP with 2ary tr. (activated sludge) (%) - Fsludge (%): the fraction of metal partitioned
to sludge in WWTPs is automatically calculated by the model based on predefined data stored in
sheet ‘Metals’, however in this field the user is allowed to override these data for WWTPs with
secondary treatment by activated sludge. The fate factors ‘Fair’ and ‘Fdeg’ cannot be filled in by the
user, since all metals are considered in the model as non-degradable and non-volatile.

e Fate in WWTP with lary tr. only (%) - Fsludge (%): as in the previous bullet, applicable to WWTPs
with primary treatment only.

e Fate in septic tank (%) - Fsludge (%): as in the previous bullet, applicable to septic tanks.

e Fate in stabilization pond (%) - Fsludge (%): as in the previous bullet, applicable to waste
stabilization ponds.
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3.3.2 Inputdata in ‘USESLCA’

The sheet ‘USESLCA’ is used in a Tier 2 assessment to define substance-specific fate factors in the
environment. In practice this sheet needs to be used only for organic chemicals. In this sheet we calculate
the fate in the environment of chemicals that, for example, escape removal in the WWTP or are volatilized,
resulting in their release to the environment. Substance-specific data are used by the USES-LCA model
(hidden in several sheets) to estimate fate in the environment. The output of the USES-LCA calculations is
summarized in this sheet as the fraction of the chemical that is expected to degrade in different
environmental compartments (freshwater, seawater, air, soil, sediments).

Figure 7 shows a screenshot of this sheet. It contains three separate tables:
e Substance-specific data: the user enters physical-chemical properties, etc.
e Input to USES-LCA: the user picks a chemical from the entered list and a release compartment.

e Fate in environment, based on USES-LCA output: results from the USES-LCA model for the
assessed combination of chemical and release compartment.

Using this sheet can be broken down into three steps, corresponding to using the three above tables.
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Figure 7. Screenshot of the ‘USESLCA’ sheet.

The Substance-specific data table contains 30 open rows for introducing data for specific substances. The
first step corresponds to filling the fields in this table, although some of them are automatically filled in
from the content already provided in sheet ‘Tier2-input’.

e Name: name of the chemical. By default, this field is automatically filled in from the ‘Tier2-input’
sheet.

e CAS number: this field is automatically filled in from the ‘Tier2-input’ sheet, if a CAS number has
been provided.

e ChemType (organic/inorganic): this field is automatically filled in from the ‘Tier2-input’ sheet.
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Neutral/Acid/Base (B/-/A): to define from the drop-down list whether the chemical is a base (B),
neutral (-) or an acid (A).

MW (g/mol): to define the molecular weight of the chemical. This field is automatically filled in
from the ‘Tier2-input’ sheet.

Vapour pressure 25 deg. C (Pa): to define the chemical’s vapour pressure, in Pascal. This field is
automatically filled in from the ‘Tier2-input’ sheet.

Solubility 25 deg (mg/L): to define the chemical’s solubility in mg/L.
Melting point (deg. C): to define the chemical’s melting point, in degrees Celsius.

Kow (dimensionless): to define the chemical’s octanol-water partitioning coefficient. This field is
automatically filled in from the ‘Tier2-input’ sheet. In case there is no Kow available, USES-LCA
requires filling the ‘Distribution coefficients’ (see below).

Koc (dimensionless): to define the chemical’s soil organic carbon-water partitioning coefficient. This
field is not compulsory however it is advised to enter a value if available.

Henry's Law Constant (Pa-m3/mol): to define the Henry’s law constant. If a chemical substance can
be classified as non-volatile, and a Henry’s Law constant is not available, the value 1E-20 can be
entered in this field.

pKa (dimensionless): to define, if applicable, the chemical’s acid dissociation constant This field is
automatically filled in from the ‘Tier2-input’ sheet.

kdeg air (s): to define the chemical’s decay constant in the atmosphere, in s%. If the chemical is
known not to be volatile, a value of 1E-20 can be entered.

kdeg water (s?): to define the chemical’s decay constant in water, in s™.
kdeg sed (s?): to define the chemical’s decay constant in sediments, in s,
kdeg soil (s): to define the chemical’s decay constant in soil, in s,

Distribution coefficients - Kd sed, Kd soil, Kd susp (dimensionless): to define the solid/liquid
partition coefficients in sediments, soil and suspended solids, respectively. These fields are only
compulsory in case there is no Kow available.

Most physical-chemical data described above are easily available. In case there are no measured values, the

EPI Suite programme (USEPA 2009) provides QSAR to estimate them. Decay constants in air, water, soil and

sediments are more difficult to obtain. They are usually found expressed as half-lives, rather than decay

constants. In this case half-lives can be transformed into decay constants using Equation 1:

Decay constant = Ln2 / HL

Equation 1. Calculation of a decay constant.

Where HL is the half-life, in seconds. Usually, half-lives are expressed in hours or days, thus conversion to

seconds is required for use in Equation 1. On the one hand, for half-lives in air, the AOPWIN model included
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in EPI Suite can be used to get an estimate. Values for half-lives in water, soil and sediments are easier to
find in published studies and chemical databases, especially values for water. In case only the value for the
water compartment is reported, the following rules of thumb are suggested by the EPI Suite program
(USEPA 2009):

e Half-life in soil can be approximated as twice that for water.

e Half-life in sediments can be approximated as nine times that for water.

The approach suggested above to estimate half-lives using EPI Suite is the method of choice to deal with
this kind of data gaps in the USEtox model (Fantke 2015) and for this reason it is adopted. An alternative to
this method, coming from an environmental risk assessment context, is the one defined in the Technical
Guidance Document on Risk Assessment (TGDRA) by the European Commission (EC 2003), where half-lives
in water, soil and sediments can be estimated based on biodegradability classes (readily biodegradable,
inherently biodegradable, etc.) and log Kow (see section 2.3.6.5, p. 53 in the TGDRA).

Once the user has entered the data for the chemical substances under assessment, the second step is to
use the ‘Input to USES-LCA’ table, which has two fields:

e Row number (enter a value from 1 to 30): Currently, fate calculations with USES-LCA can only be
applied to one chemical at a time. For this reason, in this field the user must pick a row from the
‘Substance-specific data’ table. USES-LCA will calculate the fate of the chemical in the chosen row.

e Emission compartment (air/freshwater/seawater/agricultural soil): the user defines the emission
compartment for the assessed chemical.

The results of USES-LCA fate modelling for the chosen chemical and release compartment are shown in the
table ‘Fate in environment’, which shows values for the following parameters:

e Substance: Name of the chemical that has been assessed.

e Deg., Degw, Degs.q, Degs (%): Fraction of the chemical substance, expressed in mass percentage,
that is expected to degrade in the air, water, sediments, and soil compartments, respectively. The
sum of these four parameters may not add up to 100% if the chemical is poorly degradable.

The third and final step is to copy the values obtained for Deg,, Degw, Degs.q, Degs and paste them in the
corresponding cells in the sheet ‘Tier-2 input’, under the field ‘Fate in the environment (%)’, according to
the emission compartment considered (air, freshwater, seawater, soil).

Steps 2 and 3 need to be carried out for as many combinations of chemicals and emission compartments as
needed.

3.3.3 Input data in ‘Scenario’

After defining the wastewater composition in sheet ‘Tier2-input’, the scenario conditions for managing this
wastewater are set up by the user in sheet ‘Scenario’. In a Tier 2 assessment this sheet is managed in the
same way as described for a Tier 1 assessment in section 3.2.2, with the exception of the field ‘Type of
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assessment’ in the table ‘Scenario data’. This field is a drop-down menu where the user must choose the
option ‘Tier 2’.

At this point, WW LCI will automatically calculate the LCI of each wastewater component individually. If the
option ‘Wastewater mixture’ is set to ‘yes’ in the ‘Scenario data’ table, then WW LCI will also combine all
wastewater components and calculate the LCI of this mixture according to their concentrations.

3.4 Automated error flags
To prevent errors, a set of automated warnings have been set up in sheets ‘Tierl-input’ and ‘Scenario’, as
explained below.

3.4.1 Tierl-input

Six automated error flags have been implemented in this sheet. When data in the ‘Influent composition’
table are coherent, the box ‘Automated error flags’ shows the message ‘No errors’, otherwise the following
messages can appear:

e Enter either COD suspended or VSS, but not the two parameters at the same time: VSS in
wastewater involve a suspended COD and vice versa. If the user enters a value for VSS, then COD
suspended is derived from this, with a default ratio of 1.406 kg CODsusp/kg VSS. If the user instead
enters COD suspended, then the inverse of the mentioned ratio is used to derive VSS (1.406 kg
VSS/kg CODsysp = 0.711 kg VSS/kg CODsusp). Entering the two parameters at the same time will lead
to errors, as the user data might not respect the mentioned ratio and this leads to an error in the
mass balance.

e Choose to either use 'total' or specify the fractions, but do not use both at the same time: for any
of the four measures (COD, N, P, TSS), it is only allowed to enter either the total value, or to specify
the fractions (soluble and suspended for COD, N, P; volatile and inert for TSS) but not both, even if
they add up correctly.

e User COD/TSS too low for a default VSS/TSS = 0.8; COD/TSS cannot be <1.125. Decrease VSS/TSS
in cell B45 so that COD/TSS 21.125: this flag appears if the user has entered values for total COD
and total SS, where the ratio COD/TSS is lower than 1.125. This ratio appears as the product from
our default values for the ratios VSS/TSS and CODsysp/VSS (0.8 - 1.406 = 1.125 kg CODsysp/kg TSS). If
the TSS entered by the user is high enough to exceed that ratio, this leads to a COD suspended
value above the user COD total, which is not possible. If the user is certain about the data entered
for COD and TSS, then the mass balance can be corrected by decreasing the VSS/TSS ratio in cell
B45 up to a point where the COD/TSS ratio raises to (at least) 1.125. It must be highlighted that this
flag has a live link to cell B45 (VSS/TSS) and B46 (CODsusp/VSS), which means that if the values in
these cells are changed by the user, this will be reflected both in the flag text and in the error’s
logical formula. For example, if we change VSS/TSS from 0.8 to 0.7 and the error persists, the flag
will read “User COD/TSS too low for a default VSS/TSS = 0.7; COD/TSS cannot be <0.984375.
Decrease VSS/TSS in cell B26 so that COD/TSS >0.984375".

e User COD/VSS lower than = 1.40625. Decrease default COD/VSS ratio in cell B46: this flag appears
if the user has entered values for total COD and VSS, where the ratio COD/VSS is lower than 1.406,
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which is the default value for CODsusp/VSS. The problem caused by this is similar to the one
described in the previous bullet, that is, the amount of VSS declared by the user, when converted to
COD, exceeds the total COD declared by the user. If the user is certain about the data entered for
COD and VSS, then the mass balance can be corrected by decreasing the default CODsysp/VSS ratio
in cell B46 to match that of the user. It must be highlighted that this flag has a live link to cell B46
(CODsusp/VSS), which means that if the value in this cell is changed by the user, this will be reflected
both in the flag text and in the error’s logical formula. For example, if we change for CODsysp/VSS
from 1.406 to 1.3 and the error persists, the flag will read “User COD/VSS lower than = 1.3.
Decrease default COD/VSS ratio in cell B46".

e COD cannot be zero: the calculations in this sheet require that, as a minimum, COD total, COD
soluble, COD suspended, or a combination of the last two is entered by the user.

e TSS cannot be lower than COD suspended/1.40625. Increase default COD suspended/VSS ratio in
cell B46 to match user ratio: when the user enters a value for COD suspended and a value for TSS,
where the latter is lower than the ratio COD suspended/1.40625, this leads to an error in the mass
balance, since the VSS calculated from COD suspended (by dividing by the ratio 1.40625 kg
CODsusp/ kg VSS) will result in a higher value than the TSS declared by the user. If the user is certain
about the data entered for COD suspended and TSS, then the mass balance can be corrected by
increasing the ratio 1.40625 in cell B46 to match that of the user. As explained in previous bullets,
the text and the formula in this flag is linked to the value in cell B46, so the flag text will change if
the user modifies the value in cell B46.

3.4.2 Scenario data
A set of automated warnings have been set up in the box ‘Automated error flags’. When all input data are
coherent, this box shows the message ‘No errors’, otherwise any of the following errors can appear:

e Wastewater mixture mass sum does not equal 1: this error message should only appear in a Tier 2
assessment. The mass percentages attributed to each of the chemical substances present in the
assessed mixture, in column B in tables ‘Chemical-specific data’ and ‘Metals’ are incomplete or do
not add up to 1 kg components/kg wastewater.

e  WWTP capacity sum does not add up to 100%: the percentages of wastewater treated in each of
the five WWTP sizes in the “WWTP capacity’ sub-table do not add up to 100%.

e Septic sludge disposal scenario does not add up to 100%: the percentages of septic sludge sent to
either safe or unsafe disposal in the ‘Septic sludge management’ sub-table do not add up to 100%.

e Population connection profile not correct or sum does not equal 100%: the percentages of
wastewater collection and treatment in sub-table ‘Wastewater collection and treatment scenario’
are incomplete or do not add up to 100%.

e Wastewater discharge scenario does not add up to 100%: the percentage of discharge to inland
waters and sea water in sub-table ‘Wastewater discharge’ do not add up to 100%.

e Percentage of anaerobic digestion cannot exceed 100%: percentage of AD is set above 100%.
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Percentage of CHP cannot be higher than percentage of anaerobic digestion: the percentage of
AD+CHP in sub-table ‘Sludge treatment in WWTPSs' is a sub-set of the percentage of AD, so it cannot
be higher, but just lower or equal to the percentage of wastewater treated in WWTPs with AD.

Ambient temperature profile incomplete: one or more of the temperatures are missing in sub-
table ‘Ambient temperature’.

Percentage of N removal cannot exceed sum of secondary + tertiary treatment percentages: the
percentage of wastewater treated in WWTP with N removal in sub-table ‘Nutrient removal in
WWTPs’ cannot be higher than the sum of cells L14 and L15, establishing the percentage of
wastewater treated in WWTPs with secondary and tertiary treatment, respectively.

Percentage of P removal cannot exceed sum of secondary + tertiary treatment percentages: the
percentage of wastewater treated in WWTP with P removal in sub-table ‘Nutrient removal in
WWTPs’ of cells L14 and L15, establishing the percentage of wastewater treated in WWTPs with
secondary and tertiary treatment, respectively.

Methane correction factors must be between 0 and 1: the value of one or more of the values in
sub-table ‘Methane correction factors’ is above 1 or negative. All values must be between 0 and 1.

Wastewater reuse needs to be between 0% and 100%: the percentages of treated and untreated
wastewater reuse in sub-table ‘Wastewater reuse’ do not add up to 100%.

Irrigation water supply mix must add up to 100%: the percentages of surface water, groundwater
and desalinated water in sub-table ‘Wastewater reuse’ do not add up to 100%.

Crop production mix must add up to 100%: the percentages of different crops in sub-table
‘Wastewater reuse’ do not add up to 100%.

Irrigation supply mix and crop production mix cannot coexist, choose one set only: the irrigation
supply mix applies when freshwater resources are not constrained. In such a case the crop
production mix must be set to zero. When freshwater resources are constrained, the irrigation
supply mix must be instead set to zero.

Introduce irrigation supply mix or crop production mix: this error appears if percentages of either
treated or untreated wastewater reuse have been declared, but no irrigation supply mix or crop
production mix has been defined to quantify the effect of wastewater reuse.

Untreated wastewater reuse is not possible if there is no untreated wastewater: this error
appears if a percentage of untreated wastewater reuse is declared, but in sub-table ‘Wastewater
collection and treatment’ the percentage of untreated wastewater is zero (sum of cells L11 and
L18).

Treated wastewater reuse is not possible if there is no treated wastewater: this error appears if a
percentage of treated wastewater reuse is declared, but in the sub-table ‘Wastewater collection
and treatment’ the percentage of treated wastewater is zero (sum of cells L13, L14, L15 and L17).

Secondary treatment technology must add up to 100%: the percentages of wastewater treated in
by activated sludge and stabilization ponds in sub-table ‘Secondary treatment technology’ do not
add up to 100%.
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o Define the stabilization pond average capacity in m3/day: this error appears if a percentage of
wastewater has been declared as treated by waste stabilization ponds in sub-table ‘Secondary
treatment technology’, but no capacity for this type of plants has been declared in sub-table
‘WWTP capacity’.

e Primary treatment technology must add up to 100%: this error appears if the percentages of
conventional and chemically-enhanced primary treatment in sub-table ‘Wastewater reuse’ is higher
than 100%.

¢ Increase % of WWTPs with larger capacity, to account for anaerobic digestion. Plants <1,100
m3/day do not have anaerobic digestion: This error appears when the declared percentage of
wastewater treated in WWTPs with AD is higher than the percentage of wastewater treated in
WWTPs with capacities above 1,100 m3/day, which are the ones with the option of AD in the
model. WWTPs with capacities below 1,100 m3/day are assumed not to feature AD in any case.

e Sludge disposal scenario sum does not equal to 100%: the sum of percentages for sludge disposal
does not add up to 100%.

3.5 Life cycle inventory results

There are three sheets showing the LCl results with different formats, as described below.

3.5.1 LCI

The sheet ‘LCI" (Figure 8) is structured as an inventory table where the columns correspond to chemical
substances in wastewater and the rows correspond to the exchanges of the assessed product system with
the technosphere and the environment. The functional unit in this LCl table is 1 kg of the pertinent
substance released in wastewater according to the scenario conditions established in the ‘Scenario’ sheet.
In case the user is modelling a chemical mixture, then this sheet will show in column AZ the LCl associated
to the mixture. The exchanges in this inventory table are arranged according to the following structure:

e Inputs
=  From technosphere
= To WWTP
= To sludge transport
= To sludge composting
= To sludge landfilling
= To sludge incineration
e  Outputs
= To nature
=  Emissions from closed sewer
= Emissions from WWTP
=  Emissions from environmental degradation
=  Emissions from sludge composting
=  Emissions from sludge landfilling
= Emissions from sludge incineration
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=  Emissions from sludge application to soil and wastewater reuse
= Totechnosphere

=  From WWTP

=  From sludge landfilling

=  From sludge incineration

=  From sludge application to soil and wastewater reuse

The table might show negative values, especially in the ‘Outputs of technosphere’ section. These are
interpreted as credits.
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Figure 8. Screenshot of the ‘LCI’ sheet.

3.5.2 Ready to CSV

The sheet ‘Ready to CSV’ (Figure 9) is arranged in the format required for exporting the LCls to SimaPro (see
section 4.1). The sheet is structured as an inventory table where the columns correspond to chemical
substances in wastewater and the rows correspond to the exchanges of the assessed product system with
the economic system and the environment. The exchanges in this inventory table are arranged according to
the following order:

e Inputs from technosphere, excluding activities considered as waste treatment processes by
SimaPro.

e Air emissions
e \Water emissions
e Soil emissions

e Activities classified as waste treatment processes by SimaPro.

The functional unit in this LCl table is 1 kg of the pertinent chemical substance released in wastewater
according to the scenario conditions previously established. In case the user is modelling a chemical
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mixture, this sheet shows, besides the LCI of each individual chemical, the LCI associated to the mixture,
reflecting the composition previously established. The mixture LCl is shown in column AZ. The results might
show negative values for certain flows, which are interpreted as credits.

Besides the LCIs for wastewater discharges, this sheet also contains, in columns BA to BD, several
inventories to model the global marginal market for N fertilizers, used to account for substituted fertiliser
through agricultural reuse of sludge, compost and wastewater. Further details about this are included in
the model documentation Mufioz (2021).

Product

1

2| Unit kg kg kg kg kg kg kg kg kg kg kg kg kg kg kg kg kg
a| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1

5

Category | wwicl wwic  wwicl Lol Jwwiel o owwiel

OO e GGG TR NSO TGO e TGO e T

b Wbl
‘Organic matter, Inert Water,in  Ammonium, Phosphate,in Sufate,in 0. o o i

ic matter, phate, . 0
soludle,in  suspendedin suspended  wastewater inwastewater wastewater  wastewater WASTEWAT
ids, {DE}.

: : R SCENARIO: : 3
Domestic,  Domestic,  Domestic, _Domestic,  Domestic, _ Domestic,
al |- Material |- Material |- [Material - Material |- Material -|Material

[ retits | Tiertinput. | Tier-input. | UseStea | Scenario | Lo Readyto Gabi | Uncert | Parameters | Database | Refs | Metals | Sewer | .. @ = [ |

Figure 9. Screenshot of the ‘Ready to CSV output’ sheet.

In this sheet the heading of each column contains the name of the assessed chemical substance, according
to the following structure:

Name of chemical, in wastewater {country}

The only exception to this is the LCI for the wastewater mixture (column AZ), which is labelled as:
Wastewater mixture {country}

In row 6 a comments section for each data set is provided, which describes in more detail the data set,
namely the particular scenario conditions under which the LCI has been calculated. Below we show an
example for the chemical diclofenac, discharged in Denmark:

Inventory for Diclofenac, in wastewater {DK}. WASTEWATER SCENARIO: Domestic, faecal water discharge.
0% primary treatment. 2% secondary treatment. 89% tertiary treatment. 9% septic tank. 0% only sewer
collection and discharge. 0% no sewer collection and discharge. 0% latrines. 0% open defecation. SLUDGE

TREATMENT: 49.66% of sludge treated in WWTPs with anaerobic digestion, 24.83% of sludge treated in
WWTPs with anaerobic digestion and cogeneration. 100% septic sludge is safely treated in WWTPs and 0%
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is unsafely discharged. WASTEWATER REUSE SCENARIO: 0% treated wastewater reuse and 0% untreated
wastewater reuse. SLUDGE DISPOSAL: 0% composting. 67.77% landfarming. 1.28% landfilling-controlled. 0%
landfilling-uncontrolled. 31% incineration. WW LCI by 2.-0 LCA consultants, version 4.0, March 2021.

This provides basic information about the LCl data set when imported into SimaPro, that can be seen as
meta-data.

The exchanges names in the table rows are in accordance with data sets from the consequential unit
process model in ecoinvent 3.6, as incorporated in SimaPro. The names can be manually changed to reflect
any of the other systems models in this database, or any other database.

Although the main purpose of this table is the conversion to a CSV file, it also allows for analysis of the
obtained LCls. This can be done by means of the filters applied in row 7. Also, in column BE the activity
originating the exchange can be identified, e.g. wastewater treatment, sludge landfilling, etc.

3.5.3 Ready to GaBi
This sheet contains the LCl results for wastewater and for the global marginal market for N fertilizers, used
to account for substituted fertiliser through agricultural reuse of sludge, compost and wastewater (see the
model documentation for details). The data are presented in a format for export to the GaBi software (see
section 4.2). Besides formatting, the information in this sheet differs from that in the ‘Ready to CSV’ sheet
in the following aspects:

e The only LCl reported is that for a wastewater mixture, and not for individual wastewater
components declared by the user.

e The number of exchanges reported is the same, but each flow is reported only once. For example,
CO; emissions from different sources are added up in a single, total figure, given that GaBi does not
allow the repetition of flows.

Another limitation is that uncertainty factors, which can be exported to SimaPro from the ‘Uncert’ sheet
(see section 3.6.1) are currently not available for export to GaBi.

3.6 Other sheets in WW LCI

3.6.1 Uncert

This sheet contains the assessment of uncertainty for each flow in the LCI, using the pedigree matrix. In
WW LCI each flow is attributed a mean value and an uncertainty factor, attempting to quantify its variation
assuming a lognormal distribution, as done in the ecoinvent database (Weidema et al. 2013). The
uncertainty factor corresponds to the square of the geometric standard deviation (o,?), reflecting the 95%
confidence interval. As an example, for a value of o,? = 1.5, the lower bound of the confidence interval is
calculated as the mean divided by 1.5, while the upper bound is calculated as the mean times 1.5. These
bounds are expected to contain 95% of the measured values.
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Figure 10. Screenshot of the ‘Uncert’ sheet.

The data in this sheet are organized with the same format as in the ‘Ready to CSV’ sheet, with the
difference that the values shown, instead of mean values, correspond to the uncertainty factors. The
underlying assessment of data quality (basic uncertainty, reliability, completeness, temporal correlation,
geographic correlation and technological correlation) is shown in columns BB to BM, where the user can
modify the default values assigned to each flow.

The uncertainty factors can be exported as part of the LCl results to the software SimaPro (see section
4.1.2), but currently not to GaBi.

3.6.2 Parameters
This sheet (Figure 11) provides an overview of all variables used in WW LCI. Each variable is defined, and

default values are provided, together with a reference and/or description. All these parameters and the
corresponding comment fields can be modified by the user.
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B B
1 |[Parameters for in the. Value_
2 | MCF, if direct discharge from closed sewer, worst case 015 |Fraction of water compartments in ihe environment under anaerobic cenditions, worst case. Applies to direct discharges from closed sewers and treated effluents. Based on IPCG (2006¢)
3 | MO amrne Mltectiscrargefom open sewer, worstcase o ;admﬂ:snhng;;)sewm under anaerobic conditions, worst case. Applies to direct discharges only from open sewers (warm dimate, stagnant). Based on IPCC (2006c), table 6-3 and Doom
4 | MCFy 05 |Fraction of sediments compartments in the environment under anaerobic condiions. Mufioz et al. (2013)
5 | MCFy 0,043 |Fraction of organic matter in human faeces degrading under anaerabic canditions after open defecation. Estimate based on Winrock Infernational India (2008)
6| 05" |Fraction of methane formed in sediments compartments that is oxidezed to carbon dioxide. Mufioz et al. (2013)
7 0.6 |Fraction of carbon converted to methane when degraded under anaerobic conditions (Mufioz et al. (2013)
8 N20 emission factor for the air compariment fraction of N in the air compariment hat is converted to N-N20 through re-depesition in seil and water (kg N-N20 / kg N). Mufioz et al. (2013)
9 N20 emission factor for the soil compartment. fraction of N in soil that s converted to N-N20 (kg N-N2O kg NJ. Mufioz et al. (2013)
10 5| N20 emission factor for the water compartment fraction of N in water that is converted to N-N20 (kg N-N20 / kg N). Mufioz et al. (2013)
11 5|20 emission factor for the sediments compariment: fraction of N in sediments that is converted to N-N20 (kg N-N20 / kg N). Mufioz et al. (2013)
12| T-dependence of methane production in open sewers: Tdep=a ™ ' ‘a’ parameter| 1 Function used to estimate the effect of ambient temperature on potential CH4 emissions from direct discharges lacking connection to sewer (Chaosakul et al. 2014)
13] T of methane preduction in open sewers: Tdep =a ™, ‘o' parameter| 2 Function used to estimate the effect of ambient on potential CH4 emissions from direct lacking connection to sewer (Chaos akul et al. 2014)
14 [Parameters for WWTP Value
15| M ol Ra‘tm \r;!rastru[:\ure mass in WWTP with secendary reaiment without anaerobic digestion of sludge fo infrastruciure in a WWTP wilh secondary reaiment and anaerobic digestion of sludge
e stimate.
16| WWTP infrastructure input for WWTPs > 55,000 m3/d (unitm3) 6.06E-10 | Amount of WWTP infrastructure atributed to 4 m3 wastewater, according to Ecoinvent 3, average sewage, plant capacity 4.7E40Lyear
17| WWTP infrastructure input for WWTPs 28,000-55,000 m3/d (unium3) 1.89E-09 | Amount of WWVTP infrastructure aliributed to 1 m3 wastewater, according to Ecoinvent 3, average sewage, plant capacity 1.1E10Lyear
18| WWTP infrastructure input for WWTPs 5,500-28,000 m3/d (unitm3) 5. Amount of WWWTP infrastructure attributed to 1 m3 wastewaler, according to Ecoinvent 3, average sewage, plant capacity SE9Liyear
19| WWTP infrastructure input for WWTPs 1,100-5 500 m3/d (unitm3) [ | Amount of WWTP infrastructure attributed to 1 m3 wastewater, according to Ecoinvent 3, average sewage, plant capacity 1E9Liyear
20| WWTP infrastructure input for WWTPs <1100 m3/d (unitm3) Amount of WWTP infrastructure attributed to 1 m3 wastewater, according to Ecoinvent 3, average sewage, plant capacity 1.6E8Liyear
21 Sewerinfrastruciure input for Sewers > 55,000 m3/d (km/m3) Amount of sewer infrastructure attriouted to 1 m3 wastewater, according to Ecoinvent 3, average sewage, plant capacity 4.7E 10Liyear
22| Sewerinfrastructure input for Sewers 28,000-55,000 m3/d (km/m3) Amount of Sewer infrastructure afiributed to 1 m3 wastewater, accarding to Ecoinvent 3, average sewage, plant capacity 1.1E10Llyear
23 Sewerinfrastructure input for Sewers 5,500-28,000 m3/d (km/m3) 7"| Amount of Sewer infrastructure afiributed to 1 m3 wastewater, according to Ecoinvent 3, average sewage, plant capacity SE9Liyear
24| Sewerinfrastructure input for Sewers 1,100-5,500 m3/d (kmim3) 2.82E-07 | Amount of Sewer infrastructure afiributed to 1 m3 wastewater, according to Ecoinvent 3, average sewage, plant capacity 1E9Liyear
25 Sewer input for Sewers <1,100 m3/d (kmim3) 376E-07 | Amount of Sewer atiributed to 1 m3 wastewater, according to Ecoinvent 3, average sewage, plant capacity 1.6E8Lear
2 for conventional primary treatment WWTP Value i
- - Ea{tm\r;lrastrudure mass in WWIP wilh primary reaiment and anaerobic Gigestion of siudge 1o infrastruciure in a WIVTP wilh secondary realment and anaerobic digestion of siudge
= stimal
i o :a‘t\u \r;lrastruclure mass in WWTP with primary freaiment without anaerobic digestion of sludge to infrastructure in a WWTF with secondary treaiment and anaerabic digestien of sludge.
stimate.
29 Suspended solids removal rate in conventional primary treatment (%) 60% |Typical 55 removal in conventional primary reatment s 60% (Von Sperling 2007 vol 1, p.221 table 4.9)
30| Fsludge in Primary Treatment compared to full WWTP with secondary treatment 67% | Typical SS removal in ennanced primary treatment is 60% and 90% in WWTP with activated sludge (Von Sperling 2007 vol 1, p.221 table 4.9)
31 Fdegin Primary Treatment compared to full WWTP with secondary ireatment [ ion. Main removal process for COD, §8, efc. in a primary settling tank is removal of parficulate matier
32| Fair in Primary Treatment compared to full WWTP with secondary reatment i Little expected n a primary seffiing tank
33| WwWTP relative to a WWTP with s econdaryttertiary treatment (unitm3) |~ 30%  |Physical of a WWTP with primary treaiment compared with a WWTP with secondaryftertiary treatment Assumption
34 Parameters for chemically-enhanced primary treatment WW1P Value | Definition;
35 Suspended solids removal rate in enhanced primary freatment (%) 75% | Typical SS removal in conventional primary eaiment is 75% (Von Speriing 2007 vol 1, p.221 tale 4.9)
36| Fsludge in Primary Treatment compared to full WWTP with secondary treatment 83% | Typical 55 removal in enhanced primary treatment is 75% and 90% in WWTP with activated sludge (Von Sperling 2007 val 1, p.221 table 4.9)
37| FeCI3 consumption (kglkg SS removed) 15" | Average from two plants; el Salitre in Bogota, Colombia (Kingsley 2011) and Paint Loma in San Diego, US (City of San Diego 2016)
38| Chemical P remaval level (%) 25% | Assumption
39| FeCI3 excess for P removal (kg addedikg theoretical 3 Assumes iron chloride consumption for chemical phosphorus remaval requires an additional 50% in excess (Paul et al. 2001)
40 (kglkg SS removed) 0002 | Average from two plants: el Salitre in Bogotd, Colombia (Kingsley 2011) and Point Loma in San Diego. US (City of San Diego 2016)
41 [Parameters for secondary treatment by activated siudge Value i
42 Y,COD based 05 __|Coeficient of biomass produchion (g VS5/g COD removed), p. 94 in Van Sperfing (2007, vol. 2
43 0.085 | Endogenous respiration coefficient or bacterial decay coefficient (day-1), p. 92 in Von Sperling (2007, vol. 2
44| SRT biological reatment, activated siudge system 5 '|Solids retention time i biological reatment (days). Values for aciivated sludge range between 4 o 10 days. For extended aeration goes fo 18 to 30 days (Von Speriing 2007, vol 1)
45 COD contentin VSS 143 "] Chemical oxygen demand of volatile solids (biomass) with an empirical composition of CSH7NOZ (g COD/g VSS), from Von Sperling (2007, vol 5. p. 28)
48| N-N.O (kg emitted per ko N biogeqraged) 0005 |Fraction of nitragen input canverted to N-N2O_ Average from Dalema (1937) (0.16%) and Doka (2007) (0 68%)
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Figure 11. Screenshot of the ‘Parameters’ sheet.

3.6.3 Database
The sheet ‘Database’ (Figure 12) contains statistics and other data about wastewater management, sludge

disposal, etc., in all supported countries. These data are used to populate the ‘Scenario data’ table in the

‘Scenario’ sheet. These default data can be modified by the user if necessary.
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E rance 2 e1% o % e 18% 8% 0% Eurostat dsta 3% s 3% 18% Eurostat, aat {Electricty, med 2 ‘ o7 89
Eac Unied Kingdom 100% % 100% o a3 st 0% 0% 0% Eurostat, data o% 0% 0% 21% Eurosta,data { lecrcty, med o3 a1 42 78
37 H hana 45% 2% 23 0% 23% 05 %% se% 0% Sewer covere 0% s sk 0% lo data avaiat Eecricty, med %7 %8 22 281
3o Greece a3% o a3% 0% % eo% % 0% 7% Eurostat, data % 2% aw 35% Eurosta, data { Eecirity, med 169 a7 93 ja1
£ Croatia ss% EA % 6% 5% 154 s % 0% Eurosta, data 0% % ot 0% Eurosta,data { Eeciricty, med 125 35 pr s
a0 U ungary 5% 2% 7% 0% e e 2% 0% 2% Eurostal data 75% &% 5% 1% Eurostat, ata { Eectrioty, med 10 a7 03 03
alo ndonesia % 0% 1% 0% 1% o 0% o2 37% Based on fgu o% o6 oo 0% Susge dsposa Eectricty, med 263 21 %2 %7
ale veiang 0% % a5 o % 18% % % 0% Eurostatdata 1% 1% 0% 0% Eurosta,data { Eecricty, med o6 s s 63
alL sl 59% 2% 5% % 8% 5% 1% 1% 0% OECD siaistc 5% 3% 0% 0% Based on OFC! Esctioty, med 182 iz s [
as|n nd % A 7% o ™ o e 2% 77% Based on Dov 0% E 0% Landfarming s Eeciricty, med 242 3 194 274
450 rag 28% 3% 1% 0% 1% 0% 7% 5% 167% Status of was 0% 7o 2% 0% Daa from COS Elechricty, med 24 82 7 204
R an 3% &% 2% 0% 2% o 7% o % Bas AR 0% 0% p. 323 n Un-Ha Eectrity, med ‘62 a5 s s |
azls ceiand a1 = s =4 2% 154 % 7% 790 OFCD sttstc n ErA— 3% Calculted o Fleciricty med 7 1 T 17
» Credits | Tiert-input | Tier2-input | USESLCA | Scenario | LCI | ReadytoCSV | ReadytoGaBi | Uncert | Parameters | Database | Refs | Metals | Sewer @ L[ »

Figure 12. Screenshot of the ‘Database’ sheet.

3.6.4 Refs
This sheet contains all the references cited in any of the other sheets in WW LClI, listed alphabetically.
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3.7 Intermediate calculation sheets

As previously mentioned, there are a number of visible sheets, not intended to be manipulated by the user.
It must be stressed that these sheets are not protected, thus care should be taken not to modify their
content.

e Sewer: includes the calculation of emissions associated to closed sewers.

e Metals: includes basic data on the 17 metals supported by WW LClI, including removal factors from
literature.

e Env deg: calculates emissions associated to the release of chemical substances to the environment
without treatment.

e Energy&AD: includes all the underlying data to calculate electricity and heat energy balances by the
WWTPs. Section 1 calculates electricity consumption for different WWTP activities. Section 2
calculates the heat energy balance for anaerobic digestion of sludge.

e Pri: performs the mass and energy balance associated to the activities taking place in a WWTP with
only primary treatment.

e Pond: performs the mass and energy balance associated to the activities taking place in a waste
stabilization pond.

e AS: performs the mass and energy balance associated to the activities taking place in a WWTP with
primary and secondary treatment through activated sludge.

e Tert: performs the mass and energy balance associated to the activities taking place in a WWTP
with primary, secondary treatment and tertiary treatment.

e Septic: performs the mass and energy balance associated to septic tanks, as well as the transport of
septic sludge to a WWTP, where it is treated.

e Reuse: calculates the substituted amounts of irrigation water and crops as a result of treated and
untreated wastewater reuse.

e Sludge: calculates the composition of sludge leaving the WWTPs, the sludge transport service, and
the inventory of exchanges associated to landfilling and incineration of sludge.

e Landfill: contains the underlying data for modelling controlled and uncontrolled landfilling of
different chemical elements.

e Incin: contains the underlying data for modelling incineration of different chemical elements.
e Compost: performs the mass and energy balance of sludge composting.

e Landfarm: calculates the emissions and substituted mineral fertilizers associated to application of
sludge, compost and reused wastewater in agriculture.

e Transpose: aggregates the contribution to the final LCl from the previous sheets.
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4 Exporting and importing LCIs

Although WW LClI can be used as a stand-alone tool, linking it to other activities in the life cycle of products
is desirable. Currently, it is designed to export data in CSV format for import to SimaPro, as well as directly
from Excel format to the GaBi software. In this section we explain the procedure to export and import LCls.

4.1 SimaPro

4.1.1 Exporting LCIs in CSV format, without uncertainty factors
Before performing the export, the CSV file converter needs to be downloaded from the 2.-0 LCA
consultants’ website:

e Login to the members-only section of the Initiative, at: http://Ica-net.com/clubs/wastewater/ as

explained in section 2.

e Download the file CSV converter (Figure 13).

4 2019-01-13 [ ZIP

CSV converter

CSV converter Macro file to convert life cycle inventories into comma separated value
(CSV) files for import to SimaPro.

Figure 13. Screenshot of the CSV converter file link in the 2.-0 LCA consultants’ website.

Once the CSV converter file is downloaded, the steps to perform the export are as follows:
e Open the file ‘CSV converter’. When prompted, click on ‘Enable Macros’.
e Inthe WW LCl excel file go to the sheet ‘Ready to CSV output’ and copy the range A1:BD801.

e inthe CSV converter paste the data range as values (this is done in the menu Edit\Paste Especial...
and ticking the box ‘Values’ (Figure 14). It is important that the pasted data range starts in cell Al in
the CSV converter workbook.
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Paste Special

Paste
-: Al - All using Source theme
() Formulas () All except borders
(E) Values [ :l Column widths
() Formats () Formulas and number formats
() Comments () Values and number formats
() Validation () Merge conditional formatting
Operation
(*) None () Multiply
.'_.. Add | ) Divide
() subtract
|| Skip blanks |_| Transpose

[ Cancel | oK |

Figure 14. Screenshot of the ‘Paste Special’ window in Excel.

e The pasted data includes not only the LCls for wastewater, but also the LCls associated to the

marginal nitrogen fertilizer mix, in columns BA to BD. It is necessary to export these fertilizer LCls

(and import them into SimaPro) at least on the first export-import operation. Once they are

available in SimaPro, columns BA to BD are no longer necessary and can be removed.

e When not all available columns for chemical substances are used, the data range will contain one

or more columns with empty data. These columns must be deleted. As an example, in Figure 15

columns U to AH can be deleted. When these columns are deleted, the comments originally placed

in column BE will move to a previous column. This can be corrected manually in order to make sure

that the comments make it into SimaPro. Otherwise, the CSV conversion will still work, but the

comments will be lost.

u1 0
M_| N T P [ 0 [ R [ 5§ [ T e [ i Tz AR TAE T —AC | AD " —AE | AF | AG Al
Enzyme, 10 Melamine, Diuran, 10 Pendimeth. TAED, 100% Phosphona Alcohol eth Zeolite A, 1f 4. | ] i) 1] ] o ] il (] ] o (1] o (Chemical mix
kg ke kg ke |~ kg ke kg ke kg kg ke ke ke ke kg ke
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
MW LCT i _WW LCTir W LCTir WM LCTir _WW LCLir _WW LCir _WW LClir _WW LCI il WW LCI ir _WW LCIir _WW LCIir _WW LCHir _WW LCLir _WW LClir _WW LClir _WW LC]ir _WW LClir _WW LCIir _WW LCl it _WW LClir _WW LClir _WW LClifl_WW LCiniti
Wastewate ) 1
Material | Material | Material  Material | Material  Material  Material | Material [Material Material Material Material | Material Material | Material Material  Material Material Material  Material  Material | Material | Material
0.140546 0 o 0 0.094473 o Q ] 0 o o 0 o 0 o ] 0 o 0 [ o 0| o.o087
a 0 0 0 0 a 0 a 0 0 o 0 a 0 a a 0 o 0 a a 0| o.018571
0583399 0.040681 0.057884 0321129 0.576444 0397289 0.308311 0.442089 o 0 o 0 a 0 o a o o 0 a a 0| 0.429825
0441438 0166012 0439727 462814 0504222 58399 0.69572 65527 L] 0 o 0 o 0 0 o o o 0 0 o 0| 1402543
B4JE10 B4IE10 BAZEN0 BAJEQ0 BAZEN0 BAZEL0 BAIE10 BAIE10 0 o o 0 (] 0 [ a 0 o 0 a (] 0| 8410
172607 172807 17207 172607 17207 172607 172807 172607 0 a a Q o 0 a a Q o 0 Q i 0| 1.72e-07
1569968 0266667 2.826667 42 1894472 5333333 2673483 60 [ 0 0 0 o 0 o o ] 0 0 0 o 0| 17.50698
0.001363 0 [} 0 0.001644 0 0.001577 [} 0] o ] o [ 0 [ 2 o o 0 [ [ 0| 0.000513
1B1E-05 0 o 0 2.18:-05 0 L71E-05 a 0 o o 0 o 0 o a o a 0 a o 0| 1.05£-05
2.856-07 Q [ 0 344807 0 689507 [ 0 o [ 0 0 0 0 o 0 o 0 0 0 0| 6.05e-07
0.000156 0 [ 0 0.000236 0 0.000227 a o 0 o o 0 0 o a o 0 0 a [ 0| 7.38205
0.001143 Q a 0 0.001379 0 0.001322 a 2 a a Q o 2 0 2 o o Q a o 0| 0.c0043
o 0 o [} 0 o Q ] 0 o o 0 o 0 o ] 0 o 0 [ o o 392608
114507 0 [} 0 138E07 o 276807 a 0 0 o 0 a 0 a o 0 o 0 a a o| 242807
5.03E-05 0 a 0 B.O7ED5 0 45E05 a 0 o o 0 a 0 o a o o 0 a a 0| 2.26E-05
321E-05 258609 274608 407607 388605 S5.76-07 373605 581607 L] 0 o 0 o 0 0 o o o 0 0 o 0| 127605
0.001956 0 o 0 000236 0 0.001752 a 0 o o 0 (] 0 [} a 0 o 0 a (] 0| o.0oo701
0.06716 2.33E-07 247606 3.68:-05 0.081037 4.676-05 0.060536 5.256-05 Q o a Q o 0 a a Q o 0 Q o 0| 0.02409
0001 115607 122506 1.826-05 0.001207 231E-05 0.000892 26E-05 [ 0 0 0 o 0 o o ] 0 0 0 o 0| 0.c00366
0.00135 156507 165505 245505 0001628 312505 0.001204 351505 0] o o o [ 0 o 2 o [ 0 [ [ 0| 0.000454
a 0 o Q a o Q a 0 o o 0 o 0 o a o o 0 a o 0| 2.87e-06
[ Q o [ 0 0 Q [ 0 o [ 0 0 0 0 o 0 o 0 0 o o| 775607
0196246 0.003333 0.035333 0525 0236803 0.666657 0334185 0.7 o 0 0 o 0 0 o [ o 0 0 a [ 0| 0218837
4.91E-11| B8.33-13 B.83E-12 1.31£-10| 5.92E-11 167610 B.35E-11 ) 1.88£-10 2 a a Q o 2 0 2 o o Q a a 0| 5.47e-11
0196246 0.003333 0.035333 0525 0.236803 0.666667 0334185 0.75 0 o o 0 o 0 o ] 0 o 0 0 o 0| 0.218837
246510 42F-12 441511 656510 296510 105609 418510 933510 0 a a 0 a 0 a o 0 o 0 a a 0| 27910
0.138189 0.002365 0.024833 0369203 0.166751 053271 0234941 0.525 o 0 o 0 a 0 o a o o 0 a a 0] 0.156853
1776-13) 2056-15  39E-14 628813 212613 355611 424613 ] L] 0 o 0 o 0 0 o o o 0 0 o 0| 97213
BA4TE-D5 986507 LBYE05 0000302 0.000102 0017047 0.000204 a 0 o a 0 o 0 [} a 0 o [ a o 0| 0.000467
0.16767¢ 0.003053 0.029507 0.428541 0.202333 0.63288 0.265711 0.693609 0 a a Q o 0 a a Q o 0 Q i 0| 0.18986
1046618 0.019271 0.183605 2658081 1262942 4.003565 1670211 4373628 [ 0 0 0 o 0 o o ] 0 0 0 o 0| 1187509
385605 179E-06  9.2E-05 6.33E-05 4.63E-05 0.000176 a o a a o a 0 o a o o 0 a a 0| 152605
6.8E-06 3.182-07 1.63E-05 LI12E-05 B.2E-06 3.13E-05 6.09:-06 a 0 o o 0 o 0 o a o a 0 a o g | 2.7E-06
4.79E-08 133E-09 166507 9.35:08 08 239507 5.43i08 219507 0 0 o 0 0 0 0 o 0 o 0 0 0 !_lr 6.975-08

Figure 15. Screenshot of the CSV converter file after pasting a data range with LCls.
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A second, optional step, is to clean the data range to remove unnecessary zeroes. Select rows 8 to

801 starting at column E and finishing at the last column with data.

Category WW LCI WWLCI WWLCI WWLCI WWLCI WWLCI WWLCI _WW LCI
Comment Diclofenac Ibuprofen Atrazine, i Phosphon Acetamincwater, in vPhosphate Ammonium, ion, in wastewater {DK}. WASTEWATER SCENARIO: 2% primary tr. 3% seco|
Material Material Material Material Material Material Material Material

Product/S Sub-comp Type
Methanol {GLO}| makg
Iron (I11) chloride, witkg
Electricity, medium v kWh
Heat, district or indu: MJ
Wastewater treatme p
Sewer grid, 4.7E101/y km
Transport, freight, lo kgkm
Composting facility, ¢p
Electricity, medium v kWh
Diesel, burned in bui MJ
Transport, freight, lo kgkm
Process-specific burc kg
Process-specific burc kg
Process-specific burc kg
Electricity, medium v kWh
Heat, district or indu: MJ
Iron (111) chloride. witke

Sheet1 ®

Ready

0 0
0 0

0
0

3.279111 1.733654 0.091751
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0
0

0.002188 0.48872 0.009037 0.019531 0.190856 9.29E-05 4.56E-05
0.00286 0.05278 0.00421 0.308178 0.051907 0.000832 8.81E-05 1.
5.39E-13| 6.81E-13| 5.43E-13| 9.56E-13| 6.78E-13) 5.31E-13| 5.31E-13| 5.
1.1E-10 1.1E-10 1.1E-10
103.6542 84.0105 4.745629
1.20E-09 7.72E-10 3.69E-11
0.00034 0.000204 9.75E-06
0.024657 0.014758 0.000707

1.1E-10
159.3882
1.19E-09
0.000315
0.022839
3.039425
0

piojo oo

0 0 0 0
0 0 1.724211 0
2.524384
.98E-06
S1E-13
1.1E-10 1.1E-10 1.1E-10 1.1E-10
55.51795 0 177.6232 5.70546
- 4.18E-10 0 2.24E-09 7.18E-11
| 0.00011 0 0.00059 1.9E-05
0.007989 0 0.04276 0.001373
0.82961 0 5.690463 0.142411
0 0 0 0

0 0 0

0 0 0

0 0 0

0 0 0

(o] 0 0

Average: 4492265382 Count: 136 Sum: 610.948092

| == (=R (==

] + 100%

Figure 16. Screenshot of the CSV converter file. Selecting rows to delete unnecessary zeroes.

Then go to to Edit\Replace... and type a value of zero in the ‘Find what’ field. Also, check the boxes

‘Match case’ and ‘Find entire cells only’ (Figure 17). Then click ‘Replace All’ and finally click ‘Close’.

The data range should now only display values #* 0 (as in Figure 18). As previously mentioned, this

step is optional. On the one hand, if zeroes are not removed, LCls imported to SimaPro will contain

inventory flows with zeroes. On the other hand, if zeroes are removed, these inventory flows will

[ ]
not be present at all in the import to SimaPro.
Replace i
Find what: | Find Next |
‘d

Replace with:

| Close '|

Within:

Search:

I-E;heet

| By Rows

:- | IEI Match case

| Replace ; [

| Replace All ; [

| [3 Find entire cells only
L |

Figure 17. Screenshot of the ‘Replace’ window and the required settings to delete unnecessary zeroes.
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A B € D E F G H | J K L M N (0] B Q R S A
=) ik ik ik ik 1 ik ik 1.
4
5 Category WW LCI WWLCI WWLCI WWLCI WWLCI WWLCI WWLCI _WW LCI
6 Comment Diclofenac Ibuprofen Atrazine, i Phosphon Acetamincwater, in vPhosphate Ammonium, ion, in wastewater {DK}. WASTEWATER SCENARIO: 2% primary tr. 3% seco|
7 |Compartr Product/S Sub-comp Type Material Material Material Material Material Material Material Material
8 Methanol {GLO}| makg
9 Iron (I11) chloride, witkg 1.724211
10 Electricity, medium v kWh 0.002188 0.483872 0.009037 0.019531 0.190856 9.29E-05 4.56E-05 2.524384
11 Heat, district or indu: MJ 0.00286 0.05278 0.00421 0.308178 0.051907 0.000832 8.81E-05 1.98E-06
12 Wastewater treatme p 5,39E-13 6.81E-13 5.43E-13 9.56E-13| 6.78E-13 5.31E-13 5.31E-13| 5.31E-13
13 Sewer grid, 4.7E101/y km 1.1E-10 1.1E-10 1.1E-10 1.1E-10 1.1E-10 1.1E-10 1.1E-10 1.1E-10
14 Transport, freight, lo kgkm 103.6542 84.0105 4.745629 159.3882 55.51795 177.6232 5.70546
15 Composting facility, ¢p 1.29E-09 7.72E-10 3.69E-11 1.19E-09 4.18E-10 2.24E-09 7.18E-11
16 Electricity, medium v kWh 0.00034 0.000204 9.75E-06 0.000315 0.00011 0.00059 1.9E-05
17 Diesel, burned in bui MJ 0.024657 0.014758 0.000707 0.022839 0.007989 0.04276 0.001373
18 Transport, freight, lo kgkm 3.279111 1.733654 0.091751 3.039425 0.82961 5.690463 0.142411
19 Process-specific burc kg
20 Process-specific burc kg
21 Process-specific burc kg
22 Electricity, medium v kWh
23 Heat, district or indu: MJ
24 Iron (111) chloride. wil ke <
Sheet1 ® 4 »
Ready Average: 8984530764 Count:68 Sum:610.948092 B = - ] + 100%

Figure 18. Screenshot of the CSV converter file after deleting unnecessary zeroes.

e Athird and again optional step is to remove entire rows where the flow name in column B is zero
(see example in Figure 19). If these rows are not removed, during the import operation to SimaPro
a substance ‘0’ with mass properties will be created and will appear in the imported LCls. Although
this in practice has no implications when it comes to perform calculations in Simapro, it is
meaningless information and as such can be kept out.

A B G D E I G H | J K L M =
101 Air Organic matter , particulate high. pop. kg 0
102| Air Inert suspended solids high. pop. kg 0
103/ Air Water high. pop. kg 0
104/ Air Dodecylbenzenesulfonic acid sodium  high. pop. kg 0
105/ Air Diclofenac high. pop. kg 1.0214E-09
106 Air Ibuprofen high. pop. kg 4.2034E-07
107/ Air Atrazine high. pop. kg 7.7017E-07
108| Air [ olhigh. pop. kg 0
109| Air 0 high. pop. kg
110 Air 0 high. pop. kg
111/ Air 0 high. nop. kg
112| Air 0 high. pop. kg
113 Air 0 high. pop. kg
114/ Air 0 high. pop. kg
115 Air 0 high. pop. kg
116 Air 0 high. pop. kg
117/ Air 0 high. pop. kg
118 Air 0 high. pop. kg
119| Air 0 high. pop. kg
120| Air 0 high. pop. kg
121/ Air 0 high. pop. kg
122/ Air - N hiah nan L =
Hoja1 @ 4 »

Figure 19. Screenshot of the CSV converter file with rows where the flow name is ‘0’.

Now the data range in Excel is ready to be converted to CSV format. This is done as follows:
e Go to Tools\Macro\Macros...

e The Macro ‘MakeFileCSV’ should be visible in the Macro window (Figure 20). Click on ‘Run’.
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Macro ? X
Macro name:
MakeFileCSV
Step Into
Edit
Create
Delete
Options...
Macros in: | All Open Workbooks A
Description
Cancel

Figure 20. Screenshot of the Macro window in the CSV converter file.

To the question ‘Do you want to include uncertainties?’ (Figure 21). Click ‘No’.

Uncertainties

l "_""J Do you want to include uncertaities 7

- If you do, the worksheet called uncertainties.xlsx HAS to be
OPEN
[but NOT as the active sheet)

Figure 21. Screenshot of the ‘uncertainties’ question when running the Macro in the CSV converter file.

Now the macro will create two files, in the same folder where you have stored the CSV converter (see
Figure 22):
e ‘CSV_for_import_into_SP.CSV’: this is the actual CSV file containing the LCls. Click ‘OK’.

e ‘Control_file.txt’: Click ‘OK’. This file shows a summary of the conversion process. It can be deleted.
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Microsoft Excel X

File saved: "C:\Users\UX490UNDesktop\C5V_for_import_into_SP.CSV”

Microsoft Excel *

File saved: "C:\Users\UX490U\Desktop\Control_file td"

Figure 22. Screenshots of the Macro windows showing the location of the files produced.

4.1.2 Exporting LCIs in CSV format, including uncertainty factors

In order to export LCls to SimaPro including uncertainty factors, the procedure is essentially the same as
described in the previous section, up to the point where the macro asks the question ‘Do you want to
include uncertainties?’ (Figure 21). At this point, the procedure is as follows:

e Open a new Excel workbook, and save it with the name ‘uncertainties.xlsx’. If the workbook is not
configured with English language, make sure the active sheet is named ‘Sheet1’.

e Copy from range A1:BD801 in WW LCl’s sheet ‘Uncert’.

e Inthis ‘uncertainties’ workbook, paste in cell Al the content, as values, from range A1:BD801 in WW
LCl's sheet ‘Uncert’. If data cleaning operations have been conducted in the LCl in its ready to CSV
format, such as removing rows or columns, the same must be done in the ‘uncertainties’ workbook,
since both matrices must have the same number of rows and columns i.e. one uncertainty factor for
each man value.

e Now return to the CSV converter, making it the active one. Go to the menu Tools\Macro\Macros..., and

run the ‘MakeFileCSV’ macro.

e This time, when asked the question ‘Do you want to include uncertainties?’, click ‘Yes’.

This will create the same two files described in section 4.1.1: CSV_for_import_into_SP.CSV, containing the
LCls with uncertainty factors, and Control_file.txt, which can be safely deleted.

4.1.3 Importing LCIs in CSV format into SimaPro

In order to perform the iumport operation, it is necessary to have ecoinvent v3.6 in SimaPro. The data set
names currently used by WW LCl refer to this ecoinvent version.

The procedure is as follows:

e Open SimaPro and the database where the inventories are going to be imported.
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o Make sure the ‘Ecoinvent 3 — consequential — unit’ library is activated. Do this by going to the ‘Libraries’
section in the SimaPro explorer, and tick in the previously mentioned library if needed (Figure 23).

Name [ Protecton |

[ Agri-footprint - econamic allocation Selectall
[ Agri-footprint - aross energy allocation

[ Agri-footprint - mass allocation Deselect all

[CJEcoinvent 3 - allocation, default - system
[ Ecoinvent 3 -allocation, default - unit
“ | [CJEcoinvent 3 - allocation, recyded content - system
CLLTES T | M Ecoinvent 3 - allocation, recydled content - unit
S | [TEcoinvent 3 - consequential - system
.= | [¥]Ecoinvent 3 - consequential - unit
Parameters Oewco

PlMethods

W | Cusiar

Calcilation setups
i Tnterpretation
Document Links:

General data
" Literature references.
Substances.

[agri-footprint version 1.0, May 2014 A

|Agri-footprint includes linked unit process inventories of crop cultivation, crop processing, anmal production systems and processing of animal products for multi<mpact ife cyde assessments. Agri-footprint
also cantains inventary data on transpart, fertizers production and auxiiary materials. Agri-footprintis avallable in three different libraries within SimaPro, based an mass, energy ar ecanomic alocation. This
s the cconomic allocation library. Information, FAQ, logs of updates and reports are publidy avaliable via www agri-footprint, com. The Agri-faotprint team can alse be contacted directly via info@agri-
Ifootprint.com,

|Agri-footprint uses several processes from the ELCD and USLCI libraries. These ELCD and USLCT processes were copied into this Agri-footprint ibrary and are not intended for SmaPro users tolink to.
Economic allocation:

For crop cultivation and crop processing the economic value of the products is based on velinga et al. (2013), see appendix B of the data discription report (Blonk Agri-footprint BY, 2014). For the other
iproducts the references to the economic value are given in the data description report (Blank Agri-footprint BY, 2014) per project,

IMote on land use change: v

Figure 23. Screenshot of the ‘Libraries’ section in SimaPro.

e Go to ‘File\Import\’ and the import window will pop up. Click on ‘Add’ and browse to find the CSV file
previously created with the CSV converter ‘CSV_for_import_into_SP.CSV’.

e The settings for the import operation should be as shown in Figure 24 below.

s Import files X
Hilelformats
" EcoSpold v1 ‘

Import files 1 file selected

C\Users\UX490U\Desktop\CSV_for_impaort_into_SP.CSV Add I

Delete
Clear
Previous
Next
Mapping file
New Select | Edit |

-Object link method

© Link imported objects only to other imported objects

© Try to link imported objects to other imported objects first

@ Try to link imported objects to existing objects first

CSV format separator

© Tab © Comma  Semicolan
—Other options

¥ Replace existing processes with equal identifiers or product names ¥ Skip process identifier

T Apply U and 'S suffixes for product names of unit and system processes

™ Use SimaPro requirements {less strict checking) = Use EcoSpold v1 product name format

T Use lacal names

[ Default settings Cancel

Figure 24. Screenshot of the import window in SimaPro, with the settings to perform the import.
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e Click ‘OK’ and the import operation will start. After a few seconds, the Import overview window will
appear, as shown in Figure 25 below. The number of data sets to be added or replaced are shown in the
summary screen. This screen is for information only. Click ‘OK’ and the actual import will start.

S Import overview
| SimaPro has selected the objects listed below. These objects will be imported from the import-file(s). Continue?

| Summary IProoesses ! Methods | Waste types I Literature references ! System descriptions I Categories I Substances | Units I Quantities I

Type | count | Remark |
Processes 17 will be added
Categaries 1 will be added

port file l Print | Store | Copy | Copy added data to mapping Cancel |

Figure 25. Screenshot of the import overview window in SimaPro.

e Once the import is finished, in the LCA Explorer in SimaPro, under ‘Processes\Material\’ a new folder
will appear, named *_WW LCI’ as shown in Figure 26 below. This folder includes the imported LCls,
ready to be used.

2. LCA Explorer = EEa
Wizards A [ = Processes Name /| unit
Wiaede & Material Acetaminophen, in wastewater (DK} kg New |
_Electricity project Ammonium, ion, in wastewater {DK} kg -
Product Systems _ILUC v4.1 (ecoinvent v3 links) Atrazine, in wastewater {DK} kg m
Develop wizards _iLUC v4.1 (ecoinvent v3.1 links) Diclofenac, in wastewater {DK} kg View
Wizard variables wwia Ibuprofen, in wastewater {DK} kg
Goal and scope ?grlcultural Phosphate, in wastewater {DK} kg Copy
[ i Phosphonic acid, bis 2- bis(phosphonomethyl)amino ethyl amino methyl -, in wastewater {DK} kg
Description Chemicals - Delete
5 water, in wastewater {DK} kg —
Libraries Construction
o Electronics Used by
R Fuels
Bipreses Glass I Show as list
Product stages Input Output
System descriptions Metals
Waste types Minerals
Others % o
Parametess Papers Board
Impact assessment Plastics Acetaminophen, in wastewater {DK}. WASTEWATER SCENARIO: 2% primary tr. 3% secondary tr. 84% tertiary tr. 0.11%
Textiles septic tr. 0% collection only. 0% no collection. SLUDGE SCENARIO: 6.3% compost. 50% landfarm. 0% landfill. 43.8%
Methods Watss incineration. WW LCI model by 2.-0 LCA consultants, version 2.0, August 2017,
&
Calculation setups Wood
Interpretation (- Energy
Interpretation Transport
Document Links frocessing
Use
Ceporst dets Waste scenario
Literature references Waste treatment Filter on @and  or Clear 8
Substatices v [33712items Titem selected

Figure 26. Screenshot of the LCA explorer in SimaPro, showing the list of imported data sets.
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4.1.4 Linking WW LCI to other ecoinvent system models

WW LCl is designed to link by default to the ecoinvent consequential system model. However, it is possible
and relatively easy to link the LCls to any of the other existing ecoinvent system models. The link to
ecoinvent in WW LCl is done in the sheet ‘Ready to CSV output’ in WW LCI, where in column B, the
ecoinvent data set names are shown. In order to link to an alternative system model, for example the
‘Allocation at the point of substitution’ (APOS) system model, the following steps must be followed:

e Select the entire B column in the ‘Ready to CSV output’ sheet,

e Open the ‘Find and Replace’ box in Excel. In the ‘Replace’ ribbon, type ‘Conseq’ in the ‘Find what:’ line
and type ‘APOS’ in the ‘Replace with:’ line, as seen in Figure 27 below.

e Finally click on ‘Replace All'.

Find Replace
Find what: Conseq v
Replace with: | APOS v

Options >>

Replace All Replace Find All Eind Next Close

Figure 27. Screenshot of the Find and Replace dialog box in Excel.

With this operation, all ecoinvent data set names will be changed according to the APOS system model, to
which they will be linked when data sets are imported to SimaPro. The only additional remark concerning
the import operation is that the targeted system model (APOS in our example) must be active in the
SimaPro database before importing (see Figure 23).

It must be highlighted, though, that WW LCI applies substitution, leading to credits related to co-products
(substituted energy, fertilizers, etc). These credits might be inconsistent with other (attributional) LCI
modelling approaches. The user must decide how to deal with these co-products when a different
ecoinvent system model is used.

4.2 GaBi

As opposed to the export-import operation in CSV format for SimaPro, exporting data to the GaBi software
can be performed directly from the WW LClI file in Excel. It must be highlighted that when preparing this
manual, the actual export-import procedure for GaBi, as described in its user manual (p. 144 in PE 2012),
does not work. However, we describe below a workaround to overcome this limitation.

The LCl data in a compatible format for GaBi are located in the sheet ‘Ready to GaBi’. This sheet contains
two LCls:

e The first LCI, starting in column A, corresponds to the discharge of a wastewater mixture, as defined
by the user. As opposed to the export operation in CSV format for SimaPro, WW LCI currently does
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not support the export of the LCls associated with the individual wastewater components, but only
to the mixture they contribute to.

e The second LCl, starting in column K, corresponds to the global marginal market for N fertilizers,
used to account for substituted fertilizer through agricultural reuse of sludge, compost and

wastewater (see the model documentation for details). Using this LCl instead of the corresponding
ecoinvent dataset is strongly recommended.

iﬁﬁﬁﬁﬁﬁg

i

Nicke! [Heavy metalsto fresh water]

» | credts | Tertiput | Tier2rinput | USESLCA | Scemario | Lol | ReadytoCsv Uncert | Parameters | Database | Refs | Metals | Sewer | .. ® ¢ L]

Figure 28. Screenshot of ‘Ready to GaBi’ sheet in WW LCI.

4.2.1 Exporting and importing the wastewater mixture LCI

Exporting the LCI for a wastewater mixture requires, first of all, filtering out any flows with the name ‘0’.
This is done with the filter in cell B128 with the heading ‘Flows’ (see Figure 29). This will avoid the import of
such unnecessary flows to GaBi. As an optional additional step, the same can be done with flows that have
a zero value in columns D or E, thus ensuring that the exported LCl includes only flows with actual values.

I 5 1 ¢ o £ F | e | Tt K | i " (|
from [Converted dataset rom
107 il approval of dta set by producerioperator Offcialapproval o data set by producerioperator

[Entties or persons with excusive access to this data set.

JLicense type
|ccess and use restricions.

Minimum  Maximum  Standard d Comment, units, defaus

(> toair]
Dust (P25 - PU10) artices o i
Arsenic [Heavy metals to fresh water]

FEE

[acerae | [ Canctnr |

: « > .| Tieri-input | Tier2-input | USESLCA | Scemario | LCI | ReadytoCsV

Heavy metals to fresh water]

Uncert | Parameters | Database | Refs | Metals | Sewer | Envdeg .. @

H| ] [

Figure 29. Deselecting flows with a name zero in the ‘Ready to GaBi’ sheet.
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At this point, the procedure to import this LCl to GaBi is the following:

e Select the ‘Inputs’ data range, from column A to J, containing the rows with the filtered values for

input flows, and copy this range.

e In GaBi, create a new process in an existing project by right-clicking on ‘Processes’ in the GaBi

explorer and again clicking on ‘New’ (Figure 30).

CEa "Bk _AC?(S

& Galits
=R=i 1]
o] Q Master_professional_extension_SP3.
B & Projects
& Austausch_Nils
B cc
&5 Database version 2017 - new objec
& Database version 2020 - new objec
& Henkel
& PolyClip
5 Recycle_resource
& v_¥ Modeling
& Product model
@ gh Plans

—_—
= oy AR S

it Qua New folder

Copy

= B Asse il Rename
¢ Bala Delete

@ I Nort  Sertorder
5 In weil
& &Ec‘;v:é q St.nlth Ctel+F
oy Adminig Histery
| ecoinvent+ Eport K=

Nation Name

% % % % % %

‘o

DE

‘o

DE

o
fi- ]
=}
m

o

‘o0

L0

o9 HNation

IGTB welk

Induction

Insulating material Production
mM

Kahlfahne grod

Kihfahne klein
Kupferherstellung, Sekundér
Kupferherstellung, Sekundar ALBA 2017
LVP DSI

MDIS75/120/140

MDP535/55

Hutzung Biiroklammer

Gl Mihle

Figure 30. Creating a new empty process in GaBi.

/ Type Source B QA Last change

S,

209 01.06.2009

30.05.2009

A

aqg

%,

aqa 04.04.2020

agg 01.06.2009

agg 30.05,2009

NN N

299 30.05.2000

04.04.2020

S,

agg  UMSICHT
agy  ALBA 04.04.2020
agg  ALBA 15.04.2020
agg 04.07.2009

agg 01.06.2009

RN N Y

u-50 10.02.2011

A Y

u-so 07.12.2016

e Inthe new process, place the cursor in the ‘Inputs’ empty area and right-click on ‘Paste’. This will

paste all the inputs flow from excel.

e Repeat the same operation with the ‘Outputs’ data range in WW LCI.

e ltisvery likely that some flows are not recognized by GaBi, such as certain flows specific to WW LCI.

In such cases, a ‘Question’ box will pop up, asking to either create this new flow or search for it in

the Gabi flow library. In this case, the right course of action is to click on ‘Create new object’ and

define each new flow with its right units (mass, volume, etc.), which are shown in the WW LCI

inventory. Once these new flows are created, the ‘Question’ box will no longer pop up in

subsequent import operations as the flows are already registered in GaBi.

e Finally, a name is given to the created process (see Figure 31) and it is saved in an appropriate

folder.
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& DE Wastewater trestment «u-so> [Processes] -- DB Processes — X
Object Edit View Help
EEXDEE o0 @Y E|? e ]

tome  [E[Wasewates seament o oo -Untyraces, e oot~ ||}
= -
Formula Value Minimur Maximur Standar Commer

P ieA ® wccioss5Er B Lowe [ Doament tation
Completeness | No statement
Inputs

Flows

2 Wastewater mixture [Deposited goods]
2 extrusion, plastic pipes [allocatable product]

Amaunt  Units  TreStandar Orign Comment
1 X 0% (No statement)

436007 kg X 0%  (Nostatement)

L04E006 kg X 0% (Nostatement)

2 chemiical, organic [allocatable product] 1826008 kg X 0% (Nostatement)
742007 kg X 0% (Nostatement)
296E007 kg X 0% (Nostatement)
7156007 kg X 0% (Nostatement)
375E010 kg X 0% (Nostatement)
291E005 kg X 0% (Nostatement)
9326008 kg X 0% (Nostatement)
“LI1E00tkg X 0%  (Nostatement)
423E00tkg X 0%  (Nostatement)
3376007 kg X 0% (Nostatement)

2 chemical, inorganic [allocatable product]

2 gravel, crushed [allocatable product]

2 polyethylene, high density, granulate, recycled [34710: Polymers of ethylens
2 nitrogen fertiiser, as N [allocatable product]

i state 225010 kg X 0% (Nostatement)
Riron (111) chlorid water,in 186E005 kg X 0% (o statement)
166E012 pes. X 0%  (Nostatement)
" ity 4. 2,08E-013 pes.
2 pump, 40W [allocatable product] 57E-009 pes.
outputs
Flons Quantites Amount  Unis e Comment
LSE05 kg
76007 ka

00) [Analy

[Heauy metsis to fresh water]

rganic Carbon [Analytial measures to fresh water]
ures to fresh water]

res to fresh water] LA kg
95ED ky
LI kg
1309 kg
575006 kg
2,009 kg
L6009 kg
LEWS kg
2,5E008 kg
40ED7 kg
253011 kg

to fresh water]

3E0N kg
24009 kg
long-term to fresh water] 12E06 kg
2,408 kg
45007 kg
1OE06 kg
2,100 kg 0% (lostatement)

ng-term to fresh water]

P Lead [ecoinvent ong-term to fresh water]
System: No dhanges Last change: System22,02.2021 10:40:05 GUID: {2E19605E-D7FD-4162-BECO-EE743724372}

Figure 31. An imported wastewater mixture process in GaBi.

At this point, the imported process can be used in a GaBi plan, just like any other process. The last step in
order to be able to calculate a balance with GaBi is to link the technosphere inputs in the imported process
to the right ecoinvent supplying processes, in either their unit process format or aggregated format. The
latter is suggested as the quickest option for linking. Also, as opposed to SimaPro, the imported LCI does
not automatically link to the required suppliers, such as, for example, electricity production in Denmark,
leaving the choice of geography and supplier to the user.

4.2.2 Exporting and importing the N fertilizer market LCI

This LCl is intended to be linked, in a GaBi plan, to the wastewater mixture LCl, in particular to the flow
‘nitrogen fertiliser, as N’ in the latter. The procedure to import this market mix is the same as explained in
the previous section, with the advantage that it only needs to be imported once, given that this LCl is static
(it does not change with different user-specific wastewater compositions). Another difference is all input
and output flows should be automatically recognized by GaBi, as they all use the nomenclature of
ecoinvent v3.6. Therefore, the ‘Question’ box will not pop up when the content from WW LCl is pasted in
the new process. Last but not least, the following specific linking instructions must be followed for certain
flows:

o The flow ‘Nitrogen fertiliser, as N’ must be linked by the user to the aggregated ecoinvent process
for the production of urea ammonium nitrate, as N, with the RoW geography.

e The flow ‘phosphate fertiliser, as P205’ must be linked by the user to two simultaneous supplying
ecoinvent aggregated processes: -0.9 kg P205 must be linked to the RoW market for
monoammonium phosphate production, as P205, and -0.21 kg must be linked to the global market
for phosphate fertiliser, as P205.
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The flow ‘Potassium fertiliser, as K20’ must be linked by the user to two simultaneous supplying
ecoinvent aggregated processes: -0.095 kg must be linked to the global data set for potassium

nitrate production, as K20, and -0.21 kg must be linked to the global market for potassium
fertiliser, as K20.

The suggested name for this process is ‘Market for nitrogen fertiliser, as N (2.-0 LCA consultants)’, although

this is optional. Once the process is saved and properly connected to its supplying ecoinvent processes in a
GaBi plan, it can be used for linking to all wastewater mixture LCls.

81 DE: Market for nitrogen fertiser, as N (2-0 LCA consultants) <LC> [Plans] - DB Plan *
Object Edit View Help

8 x
CE XD BT PODEK GRS ? reach ]
Neme PE - [Merket for itrogen fertifser, as N (2.-0 LCA consultants) | source e cyee
search Q| | Market for nitrogen fertiliser, as N (2.-O LCA consultants) ‘Selection: Market for nitrog [..] ¥
gl Market for nirogen fertiser, | T stown
2t an
b O marketfor o0 st [Markstfor itragen Foriisnr, os O
dectricty, medium © Gosat0 medium uoltoge IN 20 LCA consultants) <o-s0
o transpart, o
Freighe, nland 0.0 e

DE: heat and power 0"
co-g

2

Inputs: 14 Outputs: 13 Paramet:
System: Changed. Last change: System22.02.2021 10:53:06

(GUID: {A25D5520-3D75-4551 8641 FAGS3717EEET)

Figure 32. A GaBi plan with the global marginal mix for N fertilizer.
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5 Some tips for optimal use of the LCIs in LCA software

5.1 Substance names in a Tier 2 assessment

The Tier-2 LCls generated by WW LCI may include emissions to air and/or water of the actual wastewater
components being assessed. For example, a volatile chemical being released to air by the WWTP, or a
persistent chemical that escapes the treatment and is discharged with the treated effluent, or if there is a
percentage of the population that is not connected to a WWTP. In these cases, there is a possibility that
these emissions may contribute to one or more impact categories, for example ecotoxicity.

In order for the assessed wastewater components to be captured by the life impact assessment (LCIA)
methods either in SimaPro or in GaBi, there are two options:

e In WW LCI, the chemical substance can be named with the same name as used in the substances’
library in SimaPro, or under ‘Flows’ in GaBi’s database explorer. In this way, any emissions will be
automatically classified into any LCIA methods containing that flow name. In any case, even if an
existing name is used, it is always recommended to check LCIA methods to know with certainty
whether or not the assessed chemical substances are classified or not, and if appropriate, to provide
characterization factors for them.

o |f adifferent name is preferred which currently does not exist in the software’s library, then, to make
sure the LCIA methods capture the assessed chemical substance, it has to be manually classified with
that name under any relevant impact categories, with the appropriate characterization factors.

5.2 Global warming potential of ‘CO., stored, biogenic’

One of the most relevant impact categories in LCA is climate change/global warming, which typically uses
the global warming potential (GWP) as characterization factor. In this context it is common practice to
consider carbon dioxide emissions from biogenic origin as having a net GWP of zero, given that these
emissions are counterbalanced by the carbon dioxide recently sequestered by the growing biomass,
through photosynthesis.

As explained by Mufioz et al. (2013), a consistent carbon accounting requires, that if, as explained above,
biogenic carbon dioxide emissions are considered neutral, then any biogenic carbon storage needs to be
attributed a GWP of -1 when measured as carbon dioxide equivalents. In WW LCI this kind of biogenic
carbon storage occurs in several instances:

e When a substance (containing biogenic carbon) is landfilled and part of the carbon remains stored
due to incomplete degradation.

e When a substance (containing biogenic carbon) is discharged to the environment and it is buried in
sediments, where again part of the carbon remains stored due to incomplete degradation.

This storage is captured in WW LCI by means of the inventory flow ‘Carbon dioxide, biogenic, stored’. In
order to consistently account for this carbon storage when using the LCls in calculations involving climate
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change, it is required to go to the software’s LCIA method of choice and add the above-mentioned flow
with a characterization factor of -1 kg CO,/kg CO,, biogenic, stored.

It must be stressed that this adjustment is only needed:

e For the flow ‘Carbon dioxide, biogenic, stored’. The flow ‘Carbon dioxide, stored fossil’ does not
require any adjustment.

e If biogenic carbon dioxide is considered neutral. In case there is no distinction in the LCIA method
between carbon dioxide emissions from biogenic and fossil origin, i.e. CO; biogenic = CO; fossil = 1,
then the flow ‘Carbon dioxide, biogenic, stored’ does not require any adjustment, i.e. its GWP
remains zero.

For further details on consistent carbon accounting, see Mufioz et al. (2013) including section 1 in its
online-available appendix.
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Appendix. WWTP fate factor estimates from SimpleTreat

The content in this appendix, namely the text in the following paragraphs and all tables, is directly
reproduced from the Technical Guidance Document on Risk Assessment (EC 2003), in its appendix 2: ‘Fate
of chemicals in a wastewater treatment plant based on the SimpleTreat model’. These data can be used to
derive WWTP fate factors for use in WW LCI.

The tables in this appendix provide values for the fate of substances that enter the sewage treatment plant,
estimated according to the SimpleTreat 3.0 model (Struijs et al., 1996). The tables provide information on how
much of a substance that enters the sewage treatment plant goes to air, surface water and to sewage sludge and
how much is degraded. Separate tables are given depending on the categorization of a substance according to
the results of screening biodegradation tests (see Table 6).

The data in the tables have been obtained from calculations with the SimpleTreat 3.0 model with the following
settings: the volume of wastewater is set at 200 1 per capita per day in line with Table 9 (Section 2.3.7.1).
Assuming that the total amount of solids in raw sewage produced per inhabitant per day is 0.150 (m~.d™"). 0.6
(kg.m™) =90 g per inhabitant per day, the concentration of suspended matter in influent has been set to 0.45
(kg.m) (see Table 9). In order to maintain the main characteristics of the sludge flow, the steady-state
concentration of suspended solids in the primary settler has been set at 150 mg dry weight per 1, implying that
still 2/3 of the solids in raw sewage is separated by the primary settler. Consequently, settled sewage flowing
from the primary settler into the aeration tank contains an oxygen requirement (Ro) of 176 mg BOD per 1.

The mode of operation is defined by the input parameter sludge loading rate which specifies the BOD loading
of the plant. The operation of the activated sludge reactor is largely specified by thisparameter. This input
parameter is in units of kg BOD per kg dry weight per day and is related to the sludge retention time (SRT) or
sludge age and the hydraulic retention time (HRT). A medium sludge loading rate of 0.15 kg BOD kg dw ' . d°
"is used with a SRT 0f 9.2 d and an HRT of 7.1 hr.

Compared to previous versions of the model in SimpleTreat 3.0 a correction for stripping chemicals has been
included, as the process description is only valid for volatile chemicals (H > 250 Pa.m?.mol ™). The overall
mass transfer coefficient during surface aeration (ksurf) was assumed proportional to the dissolved oxygen
overall transfer rate coefficient (KLaO), estimated from the oxygen requirement (Ro), hydraulic retention time

(HRT) and the difference between the oxygen saturation and the actual O, concentration in the aerator (AO»).

In order to account also for the gas phase resistance (H < 250 Pa.m3.mol-1) the proportionality constant ¥,
still having the default value of 0.6, should be multiplied by a factor containing the dimensionless Henry
constant (KH) and the ratio of the mass transfer rate coefficients of a chemical in air and water. Munz and
Roberts (1987) recommend to apply 40 as a default value for this ratio. As a result the first order rate constant
for surface aeration is written as:

40. Ky ) Ro
40.x,+1 HRT.AOQ,

k surf =y (

In the following tables H (Henry's law constant) should be used in Pa.m?. mol ™.
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Fate of chemicals that are not degradable: kbiostp = 0 hr'! in the aqueous phase of activated sludge.
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b) Inherent biodegradability

Fate of chemicals that are “inherently biodegradable” in an OECD/EU test: kbiostp = 0.1 hr! in the aqueous
phase of activated sludge.
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¢) pass levels within 28 days in a test on “ready biodegradability”, 10-day window criterion is not fulfilled

Fate of chemicals that reach the biodegradation pass levels within 28 days in an OECD/EU test on “ready
biodegradability but not within the 10 day time window: kbiostp = 0.3 hr! in the aqueous phase of activated
sludge.
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d) pass levels within 28 days in a test on “ready biodegradability”, 10-day window criterion is fulfilled

Fate of chemicals that are “readily biodegradable” in an OECD/EU test: kbiospy = 1 hr! in the aqueous phase
of activated sludge.
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