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Abstract

The aim of this work is to quantify the relativent@bution to the overall environmental
impact of the construction phase compared to tlezational phase for a large conventional
activated sludge wastewater treatment plant (WWTR). estimate these environmental
impacts, a systematic procedure was designed t&notite detailed Life Cycle Inventories
(LCI) for civil works and equipment, taking as s$itag point the construction project budget
and the list of equipment installed at the GirondVWWP, which are the most reliable
information sources of materials and resources dsedg the construction phase. A detailed
inventory is conducted by including 45 materials ¢ovil works and 1240 devices for the
equipment. For most of the impact categories affi@rdint life spans of the WWTP, the
contribution of the construction phase to the olémarden is higher than 5% and, especially
for metal depletion, the impact of constructionctess 63%. When comparing to the WWTP
inventories available in Ecoinvent the share ofstaction obtained in this work is about 3
times smaller for climate change and twice higher metal depletion. Concrete and
reinforcing steel are the materials with the highlemtribution to the civil works phase and
motors, pumps and mobile and transport equipmendlao key equipment to consider during
life cycle inventories of WWTPs. Additional robustventories for similar WWTP can
leverage this work by applying the factors (kg oétemials and energy per’nof treated

water) and guidance provided.

Keywords: Civil works, equipment, LCA, life span, WWTP, dd¢al inventory
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1. INTRODUCTION

Wastewater treatment plants (WWTPs) are designerkdace the impact of wastewater
generated in urban systems before dischargingthdaeceiving water bodies. Despite their
beneficial contribution to the environment, thegcabenerate environmental impacts during
their construction, operation and dismantling. L@gcle Assessment (LCA) is the most
commonly used methodology to evaluate the globairenmental impacts of WWTPs. All
impacts produced throughout a WWTPS’ lifetime, frimir construction and operation until
deposition or recycling, are included in the as®esd, however not all are included

systematically.

This paper focuses on the construction phase,dimduboth civil works and equipment, as
we believe that it is a stage which has been utaesl (Remy and Jekel, 2008). As an
indication, in the review of LCA application to WW§ from Corominas et al. (2013) only 22
studies (out of 45 reviewed) included the constomcphase and only 15 provided their own
inventories. Some studies report a contributiogarfstruction to the overall WWTP impacts
lower than 5% (e.g. Emmerson et al., 1995; Vlastgzoet al., 2006). Besides, coming up
with detailed own inventories is tedious and timensuming. This persuades some
researchers/practitioners to perform detailed itmégs. A potential solution (as applied in
Foley et al., 2010) is the estimation of the volumheeinforced concrete which is then used as
a multiplier for the estimation of other constroctiphase materials taking as a reference the
inventories provided by Ecoinvent (Doka et al., 200In the case that construction is
included, a minority of studies include equipmernthwimited information (e.g., Tillman et
al., 1998; Lundin et al., 2000; Machado et al., Z00rtiz et al., 2007; Stokes et al., 2010;

Foley et al., 2010; Risch et al., 2015), the redy take into account civil works. In general,



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

data on materials use (concrete, steel, etc.) eacolbected but information on the utilities
(e.g. energy consumption of constructing vehiclesnissing. In spite of these difficulties,
according to us, we should account for both civarke (production of materials, transports
from factory to workplace and combustible consunaa) also equipment (i.e. thousands of
devices, including diffusers, pumps and blowershjctv has to be replaced several times
during the life span of the WWTP. The low level @étail of construction inventories
published so far and the large number of assumptienmally taken questions the validity of

the estimates of the share of construction to #egadl environmental impacts of WWTPs.

Hence, the objective of this work is to estimate télative importance of construction to the
overall environmental impacts of a large WWTP tleand the development of a detailed
inventory. The main novelty compared to previouslished work lies in the provision of
detailed inventories for civil works (including 4bfferent materials) and equipment (1240
devices), operation and dismantling. The inventempodular as the WWTP has been divided
into 5 units: pumping & pretreatment, primary treaht, secondary treatment, sludge line and

deposition, and buildings and services (officedding and exterior landscaping).

The paper is organized as follows. First, in thehodology section, a systematic procedure
to obtain detailed Life Cycle Inventories for ciwiorks and equipment is introduced. Then
this methodology is used to obtain the constructiorentories for a real WWTP. In the
results and discussion section, first, the contiglouof the WWTP construction (civil works
and equipment) and operation to the overall im@aet compared, including a sensitivity
analysis to evaluate the relevance of the WWTPs|ifen as well as an uncertainty analysis of

the inventories of the civil works, equipment arEkation. Second, the contribution of the
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construction (civil works and equipment), includialgo its dismantling, and operation to the
impact for each operational unit and impact catggoanalyzed. Third, a cumulative effect to
the overall impact of the civil works, equipmentdaoperation for each operational unit and
resources consumed (material, energy, transpost)as/n. Finally, a set of simplifications in

the construction inventory are evaluated to progdielance to LCA practitioners.

2.METHODS

2.1. Procedurefollowed to obtain a detailed construction inventory

Detailed inventories for civil works includes thellbwing steps (Figure 1): (1) Obtain the

construction budget for the WWTP. In the budgdtebldments needed for civil works (e.g.,

excavations, handrails, concrete, etc.) are listthg with the price and the amount of each
one. (2) Then, all these elements in the budgetdardified and grouped in a simplified list

(e.g., excavation of a representative type of soilepresentative type of concrete, etc.). (3)
Once all elements of the budget are identified gralped, it is necessary to search for
equivalent elements in a specialized constructatalwhse of reference (in our case the local
database Banc BEDEC, which is used by construttorsake their budgets). This database
provides all the necessary information about maleand energy consumed to build a unit of
each element. (4) Finally, the material and enenggntories are calculated by relating the
elements obtained from the construction budgehéequivalent elements of the reference

database.

(FIGURE 1)
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The procedure for equipment is as follows: (1) @btdne list of equipment from the
equipment maintenance plan or, if it is not avadalusing as-built documents. (2) The
equipment is characterized and organized in clag8¢<Obtain the environmental product
declarations (EPDs) of each class of equipmenthdrEPDs, the material and energy needed
for the manufacturing of each equipment are recbr@metimes, specific EPDs are not
available, in which case it is necessary to dedofmgmation from similar elements of each
group. (4) Obtain the inventory, relating the im@tion from the EPDs with the list obtained

in the classification of the equipment.

Five WWTP units were considered in the case st(ldypumping + pretreatment, (2) primary
treatment, (3) secondary treatment, (4) sludge éind deposition, and (5) buildings and
services. Table 1 provides a description of thenelgtary processes considered for each
operational unit considered in this work. The pthoe was applied to obtain detailed

inventories for each one of these units of the WWTP

(TABLE 1)

2.2. Life cycle assessment

The environmental assessment was conducted foliptiia ISO 14040 and 14044 standards
(ISO 14040, 2006; ISO 14044, 2006) which define fetages: (1) goal and scope definition;

(2) inventory analysis; (3) environmental impadessment; and (4) interpretation.

2.2.1. Goal and scope definition

The goal was to perform an LCA of the Girona WWEBnsidering the construction of the

plant (civil works + equipment), the operation asidmantling, and making an individual
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analysis for the five WWTP units. The functionalitunf the study is 1 rhof treated
wastewater assuming that the WWTP is working ak ¢alpacity. In fact, WWTPs are
designed and constructed to serve a specific dgpaddbwever, the treated flow does not
always match with the design flow. We assumed ifietéirhe of the WWTP to be 20 years
(Renou et al., 2008) whereas the lifetime of theéi@gent was 15 years (Lundin et al., 2000).
The sensitivity of the lifetime of the WWTP on th&€A assessment is addressed in a
sensitivity analysis. Savage values for the equigraee considered when the life spans of the

WWTP and of the equipment do not match.

The studied WWTP is located in Girona (Cataloni& of Spain). It treats the wastewater
from the main city and different nearby towns lecharound the WWTP, before the effluent
is discharged into the Ter River. The plant haggacity of 206,250 population equivalents
(PE), which corresponds to a design flow rate g088 ni-d*. However, in the year 2013 the
WWTP of Girona treated on average 42,000dh The water line consists of a Modified
Ludzack-Ettinger (MLE) configuration with biologicaemoval of organic matter and
nitrogen and chemical removal of phosphorus. Thelgd line consists of thickening,
anaerobic sludge digestion with electricity product from the biogas, and sludge
dewatering. The dewatered sludge is sent to a pearnposting plant. The composting plant
Is a private installation located 20 km away frdra WWTP, and it treats not only the sludge
from the WWTP but also other organic residues frotner facilities. Figure 2 shows a
scheme of the WWTP with a separation of each ardlgperational unit and an indication of

the operational data used to perform the LCA ofdperation.

(FIGURE 2)
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Pumping and pretreatment includes five pumps, thanoels that are 16 meters long, two
sieves, screening and grease separation. Primegagntent has three primary settlers, each
with a total capacity of 412 mSecondary treatment consists of three differeattors with a
total capacity of 29,620 frand three settlers, each with a capacity of 5/827The sludge
line includes two thickeners of 16 m of diametevp tprimary digesters with a 3,432°m
volume, two secondary digesters with an 81% volume, two dewatering devices and a

cogeneration device.

The system boundaries (Figure 3) consider the WWT&dnstruction, operation and
dismantling. The production of all materials (ahdit transport) and energy used to build the
WWTP (civil works + equipment) are accounted. Tigdntling is considered in this study
for the most abundant materials for both civil wodnd equipment, assuming that concrete
and reinforced concrete are disposed at a larfdfilinert waste, 91% of metals are recycled
(Sansom and Avery, 2014) and 25% of plastics argcted, 34% of plastics are incinerated
with electricity recovery and the rest disposeda ilandfill (Plastics Europe, 2012). Operation
includes the electricity and chemicals consumed, gases and water emissions from the
WWTP to the environment, the deposition of residfresn the pretreatment and primary
treatment of the WWTP (solid residues, sand andsg®), the sludge composting (but not its
application in agriculture) and the electricity gused. Transports from suppliers to the
WWTP during the construction and operation phasesansidered as well. The construction

of the composting plant is not within the systendaries.

(FIGURE 3)
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2.2.2. Inventory analysis

The procedure described in section 2.1. has begtiedpto obtain the construction
inventories of each of the five WWTP units in terofsmaterials and energy (Table 2).
Hence, for all WWTP stages (pre-treatment, printa@gtment, secondary treatment, sludge
line, buildings and services) we have accountedifaterials and equipment. A summary of
the construction inventory can be found in Tabld2different types of materials have been
used in the construction of the WWTP of Girona (§able S-1 from supporting information
for a complete material inventory). The WWTP hadd8evices, including large equipment
(e.g. blowers, pumps, motors, mixers, heat exchang®mmpressors, diffusers) and small
equipment (e.g. valves, gates, probes). Tables &r2h S-2b lists all the devices and
corresponding materials for all equipment instalpga operational unit while section 1 in
Supplementary Information details how inventories/én been performed for motors and
pumps. Tables S-3 and S-4 and section 1 in supplamyeinformation provide independent
inventories for all pumps and motors typically éxig in WWTPs (which can be directly
applied to other studies). Transports have beema&d considering the weight of the

materials and assuming an average distance of 40 km

Table 2 also includes the inventory of the operatiophase. That information has been
provided by Trargisa S.A., the company that manége$irona WWTP. The chemicals used
in the WWTP are iron chloride, sodium aluminate,lyplectrolyte, antifoaming and
antioxidant. For iron chloride the correspondentehie Ecoinvent database has been used.
For sodium aluminate no equivalent has been foartecbinvent, and hence we have created
our own process using technical information ondhemical production. For chemicals with

no technical information available an alternatiimikr chemical has been selected from the
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Ecoinvent database. Acrylonitrile is the proxy fmlyelectrolyte and silicon product is the
proxy for antifoaming and antioxidant. The compogtprocess used in this assessment is the
one described by Remy (2010), which provides inmgntlata tailored to current composting
processes (more recent than the processes avaitatie Ecoinvent database). The direct
emissions of greenhouse gases from secondary #egtinrom biogas combustion and from
the degradation of the organic matter and nutrientgted to the river, have been estimated
applying the factors from Foley et al. (2010), whiare 0.01 kg PD-N/kg N denitrified in
secondary treatment, 16.02 g¢MNm® biogas and 0.73 g A/Nm® biogas from biogas
combustion, and 0.025 kg GMg COD discharged to the river and 0.0025 k@NN/kg N

discharged to the river.

(TABLE 2)

The factors provided in Table 2 (kg of materialsl @mergy per rof treated water) can be
reused to develop robust inventories for the caotbn, operation and dismantling of

treatment works similar to the Girona WWTP.

2.2.3. Environmental Impact Assessment

The types of materials, energy sources and ems$iom the inventories have been matched
to their corresponding equivalents in the Ecoinv@mtatabase (Weidema et al., 2013). The
potential environmental impacts have been calcdlatarough the use of LCIA
characterization factors related to a sub-set gbarh categories from ReCiPe (H) 1.13
(Goedkoop et al., 2013). We have included climdtange (CC), ozone depletion (OD),

freshwater eutrophication (FE), marine eutropharat{ME), human toxicity (HT), metal

10
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depletion (MD) and fossil depletion (FD). All inviemies used for the materials and energy
production processes in this study have been thkkemEcoinvent 3 (Weidema et al., 2013).

The assessment has been conducted using SimaFr®8.3
2.3. Sensitivity and uncertainty analysis

One of the most influential factors in the LCA ofWVTPs is the selection of the life span
(Risch et al., 2015). A sensitivity analysis hasrbeonducted to evaluate the influence of the
selection of the life span of the WWTP to the emwinental impacts. Hence, besides the base

case of 20 years of life span, we have evaluatededslO0 and 30 years life span.

Uncertainty analysis has been applied to analyzeséniability of results due to the variation
of uncertain input parameters over their whole donoé uncertainty, using the Monte-Carlo
engine in Simapro. We have assumed an uncertaifity38o for civil works which
corresponds to the “unexpected issues” item inettecution budget of the Girona WWTP.
This 13% covers the uncertainty related to the @txec of the project given a certain budget,
and does not account for possible sources of vlityathat one could find in other case-
studies. Uncertainty has been only assessed aantbent of material used for the machinery
with the highest influence on the impact (i.e. psnamd motors). The uncertainty range has
been defined separately for pumps and motors efepiling EPDs from different vendors
and conducting a linear regression between theeushimaterials and the power (see section
2 and Tables S-5 and S-6 of supplementary infoondbr further details on the uncertainty
analysis for motors and pumps). The error assatiat¢hose regressions is assumed to be the

uncertainty, ranging from 10% (for large equipmeat}00% (for small equipment).

With regards to the uncertainty associated to tH& W operation, it was addressed after

evaluating the variability in the concentrationspotlutants at the influent of the WWTP, the

11
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chemicals consumption and the electricity consubmptver three consecutive years. The
uncertainty values were obtained calculating theatmand the maximum and minimum
values of the values. In addition, we have usedfdbtor reported in Foley et al. (2010) to
include NO emissions (0.0003 to 0.03 kg N20O-N/kg N dengdfiin the secondary

treatment). Uniform probability distribution funotis have been applied to all sources of

uncertainty evaluated.

3. RESULTS AND DISCUSSION

3.1. Environmental impact assessment of the construction and operation of the entire

plant

When assuming a life span of the WWTP of 20 yekrgufe 4, middle bar for each impact
category), the contribution of the constructiornvifoivorks + equipment) to the overall burden
is higher than 5% for most environmental impactegaties evaluated. For MD the
contribution of construction is as large as 63%hve share of approximately 52% for civil
works (i. e. 2.00- 10kg, mainly reinforcing steel) and of 10% for thgument (e.g., 4.1-10
kg of cast iron and 1.5-1@g of steel, without considering the replacemefoy. HT and FD,
the contribution of construction to the overall mpis approximately 16%. In the case of FD
most of the construction burden comes from the ycdn of materials (only 3% of FD
relates to energy consumed during the constructibase). For CC, OD and FE, the
contribution of construction represents betweemd H0% of the overall impact. It is worth
mentioning that construction contributes to FE tiglo emissions generated during the
production of materials, such as steel and cona®teell as through landfill emissions. Only
for ME the contribution to the impact of civil wagkand equipment is less than 1%. Keeping

in mind that the cut-off criteria defined in the AGandbook (European Comission, 2010) is

12
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5% influence on the environmental impacts it isaclhat one cannot systematically omit the
construction phase in LCA studies for WWTPs of samconfiguration and size of the one
studied in this paper. It is worth mentioning thia inclusion of the dismantling/end-of-life
of the WWTP implies recycling most of metals frohetequipment. Recycling reinforcing
steel would decrease the MD burden down to neddigiblues for construction. However, the
latter is not a common practice due to the largascmvolved in the separation of concrete

and the reinforcing steel.

(FIGURE 4)

The results for the sensitivity analysis of the WRVTife span shows little effect on the
categories CC, OD, FE, ME and FD. For HT and MI®, ltnger the life span is the larger the
contribution of equipment to the overall environt@nmpacts, as replacement will be
needed. In contrast, when the life span considisr8@ years, the contribution of civil works

significantly decreases for the MD category.

Overall, even when accounting for uncertainty, tle&clusion that construction cannot be
neglected remains valid. The uncertainty relatethéooperation phase has a larger influence
on most of the environmental impacts than the emsted to the construction phase (Figure
5). The propagation of uncertainty of the emisdamtor of NO emissions has a large impact
on climate change (see errors bars for operatio@€@) Figure 5). The large uncertainty
behind fugitive GHG emissions can change the redatontribution of construction to the
overall impacts. If fugitive GHG emissions wouldtnoe considered the contribution of

construction to climate change would be highergelto 10%). The climate change results

13
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281 propagation of uncertainty comes equally from onalrks, equipment and operation.

282 (FIGURE 5)
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3.2. The contribution of construction to the environmental burden found in the

literature

Figure 6 shows the results of the contribution ohstruction and operation to the global
environmental impacts for relevant papers in liem@ which studied a similar wastewater
treatment technology and specified the life spamfoastructure. Overall, the contribution of
construction ranges from 1% to 63%. While operatiad civil works were considered in all
studies presented in Figure 6 (only a few inclu@dG emissions), equipment was only
considered in Vlasopoulos et al. (2006), Machadal.e2007), Ortiz et al. (2007) and Renou

et al. (2008).

(FIGURE 6)

Previous studies reported a share of constructiomthé overall impacts lower than 5%
(Emmerson et al., 1995; Vlasopoulos et al., 2006¢. understand that there is probably an
underestimation of concrete (we estimated tham®@gi more concrete would be needed in a
WWTP of the same size compared to Emmerson etl895), and that no databases of
construction elements such as Banc BEDEC have b&eth The construction inventory for
Vlasopoulos et al. (2006) was collected by questme contact to over 160 equipment
designers, manufacturers and suppliers, but notdoas real information from existing
systems and following a detailed budget. No dedaitéormation was provided on how the

construction inventory was executed and on thenaggans made.

Renou et al. (2008) concluded that the constructbran activated sludge plant had a
contribution of 11% to the CC impact category, elds the 8% reported in this study.

However, for the HT impact category they reporteshare of construction of 1%, which is

15



306 much lower than the 18% obtained in this study. diliference might be explained by the

307 fact that they did not include equipment in thairantories.

308 Some studies reported a share of constructioneaootterall impacts between 20 and 30%
309 (Machado et al., 2007; Ortiz et al., 2007). Theeddnce compared to our study might be
310 explained by the shorter life span they applied bedause of the economy of scale. In
311 addition, the inclusion of PO and CH emissions in the operation might have a large

312 influence downgrade the contribution of construttio the overall impacts.

313 Using the inventory values reported in Foley e{20.10) (for their scenario 4Bii) and running
314 ReCiPe (H) 1.13 we obtained a contribution for editegories lower than 5% for the
315 construction, except for MD where the contributiminconstruction was of 18%. From the
316 interpretation of that inventory (it is not expladhin detail) we understand that in Foley et al.
317 (2010) they considered materials to build mainky secondary treatment, but did not include
318 in detail all possible stages (pumping, pretreattmprimary treatment and sludge line).
319 Whereas in Foley et al. (2010) they applied a faot@7 kg of steel per frof concrete in this
320 study a factor of 90 kg of steel pef mvas used. That increases the amount of metals, and
321 hence has an effect specially for HT and MD. Initaid, whereas in Foley et al. (2010) they
322 accounted for the production of two materials (steel copper) and the mass for 3 type of
323 equipment (pumps, motors and blowers), we inclu@88dadditional materials and 1240

324 devices (Table S-2a).

325 Risch et al. (2015) reports a contribution of 2@%&C, higher than our study (around 8%), a
326 similar one for HT (18%) and a lower contributiar OD, FE, but specially for MD and FD,

327 even though Risch et al. (2015) use a life spaBOoyears. The exhaustive inventory for the

16



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

equipment and civil works phases in our study carthe explanation for these significant

differences.

Ecoinvent provides some inventories for constructiad operation for 30 years lifespan of 5
different WWTPs. After recalculating the results &9 years life span for the 5 WWTPs, the
average of the construction and operation impdugvs a contribution of the construction for
CC (32%) and OD (29 %), which are values highemtloaur results (8% and 10%
respectively). Similar results are obtained for M, and FD, with a contribution of the
construction of 0%, 28% and 24% of each one. Rin&dr FE the contribution is very similar
to our study (around 8%) while for MD the contrilout is lower (45% against 65% obtained
in our study). Apparently there is a disagreemeaativben the results reported in Ecoinvent
and other studies. That disagreement might coma fto overestimation of the amount of
concrete. Whereas in Ecoinvent a factor of 626&kdg applied, in this study we obtained a
factor of 927 kg/m The latter, is within the order of magnitude tfier studies, such as 579

kg/m® in Foley et al. (2010) or 428 kgfim Emmerson et al. (1995).

3.3. ldentification of key resources/processes that contribute the most to the

environmental burden

In this section we identify which are the key rases/processes in the construction and
operation of the WWTP of Girona. A summary of tletribution of each of the treatment
units to construction, equipment and operationtedlampacts is provided in Table 3 and
illustrated in Figure 7. With regards to civil watkthe production of concrete used in the
construction of the secondary treatment (mainlyldimdogical reactors) and the sludge line
(mainly the anaerobic digester) is the processrituting the most to CC impacts. Then, the

production of reinforcing steel (also used to buheé biological reactors, the digester and
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thickeners) is the process that contributes thet moosID (with a contribution on its own of
41% of the total impact, 25% from the biologicahetrs and 11% from the digester) and to
HT (a contribution of 7.6% of the total). Recyclitige steel from the reinforced concrete
would significantly decrease the MD and HT impacihough probably at expenses of
increase in CC due to the usage of machinery. Hewyélis is not a common practice due to
high costs. There is a slight contribution of thieduction of plastics to HT and MD (lower
than 4%). The equipment contributes to 11% of the, N8.4% of the HT, and is almost
negligible for the CC impacts. Metals consumed miyrthe production of equipment,
including pumps and motors, transport and mobilkeipgent, are contributing the most to
MD. When it comes to operation, and looking into @gpact category, then the electricity
consumed for pumping & pretreatment and secondagtrhent (aeration) correspond to
about 20% of the total impact, and the direct GHfissions emitted from the biological
reactor (35% of the total impact, but with larges@sated uncertainty) are the largest
contributors. The electricity produced at the ezt plant through cogeneration corresponds
to an avoided impact of about 10%. When it comdsTand MD, then the chemicals used in
primary treatment (i.e. iron chloride) and secogdaeatment (i.e. sodium aluminium) also
play a significant role, as they contribute to 3@ HT and 20% of MD. Finally, the
deposition of solids from the pretreatment to ldhdfontribute to 17% of the HT. The

avoided electricity production has also a positmpact on the HT (16%).

Additionally, Figures S-1 to Figure S-4 illustratee contribution of civil works, equipment
and operation for each operational unit for theepstudied impact categories (OD, FE, ME
and FD, respectively). In Figures S-2 and S-3 igb Influence of the discharge of nitrogen

and phosphorus from the WWTP is observed for thephication impact categories.
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Previous published works already identified thatcticity consumption, chemicals and
primary solids are the main contributors to CC, Mbd HT (e.g. Hospido et al., 2004,
Rodriguez-Garcia et al., 2011) and nutrients diggddh to the receiving water bodies
(assigned to secondary treatment in this study) thee most important contributors to
eutrophication (e.g. Hospido et al., 2008). The that concrete and reinforcing steel are also
important contributors to the CC and MD impacts besn reported before in Machado et al.,
(2007). The significant contribution of equipment MD is an important highlight of this
study since has never been reported before, aastiasated in this study can contribute up to

11% of the MD impacts.

(FIGURE 7)

3.4. Influence of inventory simplifications on the environmental impacts

As an exercise of simplification we took the kegaerces/processes identified in previous
sections and calculated the overall coverage ofettenation of the environmental impacts
based on factors for materials and energy providddble 2. An LCA exercise which would
include concrete, reinforcing steel and plasticgether with the operational data (energy,
GHG emissions, chemicals and deposition of solidmfthe pretreatment), would allow to
estimate between 90 and 99% of the impact in CC, &) ME and FD categories. In order
to encompass a minimum 90% of the HT and MD impagetstals consumed during the
production of pumps, motors, transport and mobtgigment should be considered in
addition to the data mentioned before. From oudystwe can conclude that buildings and

service units can be omitted from the analysis.

At another simplification level, the inclusion oivit works, equipment and operation of

secondary treatment (i.e. biological reactor antlles and sludge line (i.e. thickeners,
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anaerobic digester and centrifuges) would resudbiout 75% coverage of the total impact for

the different impact categories in this study.

It is also important to mention that these condnsiare based in a single application of this
approach in an activated sludge WWTP of 206,250H® this reason, further work should
be conducted to analyze different treatment tedgies and different sizes to draw more

general recommendations.

4. CONCLUSIONS

An inadequate level of detail for materials andotgses inventoried during construction,

operation and dismantling processes (e.g. consgleor not GHG or metals for the

equipment) significantly influences the estimatminthe share of construction to the global
environmental impacts of WWTPs. With our case stwdy demonstrate that for most of the
impact categories the contribution of constructothe overall burden is higher than 5% and
especially for metal depletion the impact of cmibrks plus equipment reaches 63%. When
comparing to the WWTP inventories available in Bwent, the share of construction is about
three times smaller for climate change but twicghlr for metal depletion. Although the

equipment has a smaller impact than civil worksnitst be considered as well; depending on
the category and the number of times it has toepdaced, its impact cannot be neglected,
particularly in the HT and MD impact categories.nCete and reinforcing steel are the
materials with the highest contribution to the lciworks phase and motors and pumps are
also key equipment to consider during life cycleeimtories of WWTPs. The factors obtained
with the most detailed inventory published so facilitates the development of robust

inventories for WWTPs construction, operation arséntling.
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TABLES

Table 1. Description of all the unit processes includedanteoperation unit studied.
Table 2: Inventory for the civil works, equipment and operatof the plant divided by unit.
Table 3. Percentage contribution of civil works (CW), equigamh (EQ) and operation (OP)

for each operational unit and environmental imsaaetiied.
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FIGURES

Figure 1. Procedure followed to obtain the detailed inveptof the WWTP construction.
EPD: Environmental Product Declaration.

Figure 2. Scheme of the Girona WWTP with a separation oheatalyzed unit and the
inputs and outputs considered for the operationalyais.

Figure 3: System boundaries considered in this LCA study.

Figure 4: Contribution of civil works, equipment and opeoatiin each impact category,
depending on the life span considerkdeach category, the first bar, starting from s
corresponds to a 10-years life span, the secondd(e)i bar corresponds to 20 years (base
case), and the third (right) corresponds to 30s¢ear

Figure 5. Results of the uncertainty analysis for all anatlyzategories. In the case of CC
category there are two different error bars, thghér uncertainty range includes the
uncertainty of MO emissions factor provided in Foley et al. (2010).

Figure 6: Summary of all studies used for the comparisonarfstruction and operational
impacts.* Energy consumption as MJ; ** CML estingutrophication as a single impact
category; *** CML estimates abiotic depletion as@nbination of metal depletion (MD) and
fossil depletion (FD). The different levels of défallowed in the construction inventories
are depicted by the abbreviations

Figure 7: Cumulative impact from 0% to 100% of the resourcessumed in civil works,
equipment and operation for CC, HT and MD categori€he contribution of each
resource/process from each WWTP unit is shown. IRefur other studied impact categories

are found in supporting information (Figure S-TFtgure S-4).
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Table 1: Description of all the unit processes included in each operation unit studied.

Operational unit

Elementary processes included

Pumping+pretreatment

Primary treatment

Secondary treatment
Sludge line
deposition

Others

and

Wastewater well reception, pumping station, pretreatment building,
part of the connections and part of the unit to dose chemicals

Primary settlers, units to mix water and chemicals, chamber to
measure the flow and part of the connections

Biological reactors, secondary settlers, chamber to measure the
sludge sent to the sludge line, chamber to measure and pump the
sludge sent back to the biologica reactor, part of the unit to dose
chemicals and part of the connections

Thickening tanks and buildings for the thickening tanks, chamber to
pump the dludge, dewatering building, zone for the dewatered
sludge, anaerobic digestion unit and part of connections, final sudge
treatment in a composting plant

Chemicals storage, control building, adaptation of the land and
sidewalks




Table 2: Inventory for the civil works, equipment and operatof the plant divided by

unit.
. : Sludge Building
Concept Unit Pumping + Primary  Secondary lineand and Full plant
pretreatment treatment treatment d . .
eposmon services
Civil works
Excavated ton- n’ 1.14-10 1.00-1¢ 2.81-1d 2.05-1C0 0 3.14-1¢
material
Energy MJ- ni® 1.07-10¢ 1.70-1¢ 2.14-10 4.83-10 2.64-10  2.91-1C
consumed
Total transport tkm-m®  7.05-1¢ 8.34-10" 8.89-1¢ 5.33.1¢ 3.56-10  1.61-1C
Reinforcing kg-m?® 4.96-1¢ 423-1d 2.71-10 1.27-10¢ 2.05-1¢  4.92-10
steel
Metal kg-m® 3.04-10 3.26-10 7.52:10 5.23.10 1.49-1G0  2.05-1d
consumption
Plastic kg- ni® 2.05-1¢ 2.05-10' 2.12:1¢ 5.98-1¢ 2.23-10  1.22:10°
consumption
Conglomerates kg-m? 1.28-10° 558-10 7.20-1¢ 2.85-1¢ 6.11:1¢  8.28.1CF
and bricks
Concrete kg.m 1.67-10 1.46-1¢ 7.17-1¢ 2.21-1¢ 1.81-1G¢  6.24-1CG
Other materials kg- m?* 7.07-10 1.82.1¢ 3.79-1¢ 2.91-1¢ 9.46-1¢  1.10-1C
Equipment
Stainless steel kg-m® 6.03-10° 1.63-10 2.86-10 3.26-1C 1.64-10  1.38-1¢
Other steel kg-m?® 8.72-1¢F 1.53-1¢ 1.09-1¢ 1.66-1¢ 3.06:10  3.79-1CF
Cast iron kg- ni® 1.94-1C0 3.66-10 3.49-1¢ 4.66-10 - 1.04-1¢
Aluminium kg- ni® 1.19-1¢ 7.25-1¢ 2.84.10 3.49-10 - 8.22-1C
Copper kg-m® 8.29-10 1.37-10 153.1¢ 3.89-1F - 6.40-10
Other metals  kg-m? 6.18-10 1.24.1¢ 7.27-10 153-1¢ - 4.11-10¢
Polypropylene kg-ni® 1.46-10 3.49-1¢ 5.90-1¢ 359-1¢ 2.86-1¢  6.10-1CF
Glass  fibre kg-m?® 2.25-10 1.41-1¢ 1.42-1¢ 2.12-1¢ - 7.20-10
reinforced
plastic
Polyethylene  kg-ni® 4.26-10 9.24-1¢ 4.78-10 4.66-10 - 1.38-1C0
PVC kg- m® 2.67-10 1.37-10 5.21.1¢ 2.59-10 - 4.73-10
Polystyrene  kg-ni® - 1.15-1¢ - - - 1.15-1¢
Other plastics  kg-m? 1.39-10 1.27-10 2.32-10 1.17-10 8.47-10° 6.15-10
Sealing kg- m® 4.56-10 6.00-10 3.24.1¢ 2.49-10 - 6.77-10
compounds
Energy kwh-m®  3.99-1F 291-1¢ 1.06-10 4.66-10 - 1.95-1¢
Other materials kg- m?* 7.45-10 555-10 1.22:1¢ 9.17-10 3.04:10  3.74.1¢F



Transport tkm-m®  1.44-10 428-10 1.44.1¢ 1.68-10 9.84.1¢ 5.01-1CF
Operation

Electricity kwh-m®  7.19-10 1.75-10 2.06-100 5.03-10 2.12:10  3.50-10
consumption

Electricity kwh-m® - - - 1.31.10¢ - 1.31-1C
production

Iron chloride  kg- i - 1.29-1G - - - 1.29-10
Sodium kg-m® . . 4.27-1G¢ - ( 4.27-1G
aluminate

Antifoaming kg- n? - - 47416 2.49.1d - 2.96-10
Polyelectrolyte  kg- i - - - 1.24-16 - 1.24-10
Antioxidant I - - - 211-16 - 2.11-16
Diesel l-m® - - - 2.73-100 - 2.73-10
Transport tkm-m®  1.16-10 3.70-100 1.35-1C¢  1.58-1C 3.42-1C0
Direct GHG kg CQyeq - - 2.17-100  451-10 - 2.62-10
emissions m?

Residues kg-m® 3.74-1C - . - . 3.74-1C
Sludge to kg-m? . - h 7.88-100 - 7.88-10
composting

COD emission kg-ni® - - 1.84-1¢ - - 1.84-10
NO?* emission kg-ni® . - 1.76:1¢ - . 1.76- 10
PQ,* emission kg-m?® - - 3.32.1¢ - - 3.32.1¢




Table 3: Percentage contribution of civil works (CW), equipment (EQ) and operation (OP) for each operational unit and environmental impact
studied.

Pumping + Primary treatment Secondary Sludgeline Buildings and Totd plant
pretreatment treatment services
CW EQ OP CW EQ OP CW EQ OP CW EQ oP CW EQ OP CW EQ OP

CC 801 078 9121 2032 073 7895 532 0.09 9458 533 0.20 94.47 971 002 9027 609 020 9371
OD 969 088 8943 509 032 9459 784 018 9198 11160 7.58 -19.18' 986 010 90.04 1025 047 89.28
FE 1066 273 8662 967 155 8879 318 019 96.63 -10410 -2058 22468 574 006 9420 575 075 9350
ME 086 -005 9919 1564 0.72 83.64 010 000 9990 142 -0.44 99.02 1110 0.03 88.87 019 -0.02 99.83
HT 6.67 241 9092 1017 241 8742 1507 145 8348 25352 80.11 -23364' 957 0.0 90.33 16.06 3.29 80.65
MD 4125 3041 2834 2596 7.57 66.47 58.03 4.68 37.29 80.28 1535  4.38" 2818 041 7141 5283 1047 36.69
FD 978 110 8912 1985 0.83 7931 1359 0.28 86.13 93.52 3.85 2.62 857 002 9141 1684 0.62 8253

CW (civil works), EQ (equipment), OP (operation), unit of measurement in %. * In these cases, due to the electricity produced during the
operation the impact generated by the operation is negative. Z In this case, because the electricity produced is enough to compensate the impact
generated by civil works and equipment, for this reason when the contribution of civil works and equipment is compared with the total impact the
result is negative.
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Highlights

» Detailed civil works and equipment inventories for alarge WWTP are provided
» Construction share of the environmental impactsis higher than 5%

» For meta depletion, construction can represent >60% of impacts

» Differences are observed when comparing to Ecoinvent inventories



