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ABSTRACT

Performance assessment of water supply and wastewatgices is
nowadays a major issue. Over the past six years, LNE®des developing
performance assessment systems (PASs) for watemgeaplants (WTPs) and
wastewater treatment plants (WWTPs). In 2009, a natioetd test was
launched, 'PASt21', coordinated by LNEC and involving 27 pi@tavVTP and
17 WWTP). This paper presents the second generation &flthgstem for the
overall performance assessment of WTPs and WWTPstledP| results
obtained with the data available for 2006-2009. It wasckmed that all
indicators of the systems are relevant, and the reshéie/ the ability of the
proposed Pl systems to assess the overall performanaegnfen treatment
plant. The aggregated results are very important focah&nuous improvement
of the plant performance through benchmarking and targetsiodier
reassessment.

1 INTRODUCTION

Performance assessment of water supply and wastewatgices is
nowadays a major issue. However, most performance assgssysems
(PASs) do not specifically apply to the treatment fdanore elements of these
services (Alegre et al., 2000, 2006; Stahre and Adam&8f1; Matos et al.,
2003; OfWat, 2004; World Bank, 2006; Stahre et al., 2008; D\2@08). To
overcome this situation, over the past six years, LNECbean developing
PASs for water treatment plants (WTPs) and wastewaatment plants
(WWTPs) (Vieira et al., 2008, 2009, 2010a; Quadros e2@l.0a).

PASs comprise two main components, the Overall Performassessment
and the Operational Performance Assessment. The forsodject of this
communication, is based on performance indicators (PIs}, hiséorical data
and the information produced is aggregated at plant.léMet Operational
Performance Assessment is based on performance indieesitess the daily
performance of each unit operation/process of the plant.

In 2009, a national field test was launched, 'PASt21' (tggst21.Inec.pt/),
coordinated by LNEC and involving 27 plants operated by 1@rwatilities,
publically owned (10 companies of the Aguas de Portugal tg)ldjprivate
(AGS, SA) or municipal (SMAS Almada). PASt21 projedso involves the
Portuguese regulator for water and wastewater ser{iE®SAR) and has the
support of two Portuguese water associations (APESBARRH).

This paper presents: i) the second generation of the feinsyd$or the overall
performance assessment of WTPs and WWTPs, includingrefa¢ionship
between the Pl assessment groups and the variable categiyiethe
characterisation of the case-studies and iii) the Plteesbtained with the data
available for 2006-2009. Data input (%) by variable gaig and the percentage
of Pls calculated for each assessment group are presevthdnever
statistically feasible, aggregated results for eaga¥rage, median, percentiles
25 and 75, maximum and minimum) are also shown.
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2 THE PI SYSTEM FOR OVERALL PERFORMANCE
ASSESSMENT OF WTPs AND WWTPs

The developed PASs assumed two general objectives of raafgrtaking
with regard to a WTP or WWTP performance: 1) its effestass and
reliability, i.e. the compliance over time with the qualiggquirements of the
treated water and 2) its efficiency (in terms of reses utilisation) and
sustainability (both economical and environmental).

After establishing the objectives, the structure (tBeerall and the
Operational Performance Assessment components) and thenassegsoups
of PASs were definedTreated water/wastewater qualitiRemoval efficiency
and reliability, Use of natural resources and raw materjalBy-product
managementSafety Personnel Economic and financial resourgeBlanning
and design(the later only for WWTP) (Vieira et al., 2008, 2009da2010a;
Quadros et al., 2010a). Analogous portfolios of PIsviarP and WWTP were
then formulated according to the IWA approach (Alegrealet 2000, 2006;
Matos et al., 2003) and to the principles established@n28500:2007.

The work undertaken in the scope of PASt21 allowed identifying
opportunities for improving the clarity and formulatiod the originally
proposed Pls and their variables, and new indicators vesedaped, giving rise
to the second generation of Pls for WTP (94 PI) and WaArP (121 PI).

Pls are identified by a code composed of six or eight kglse two are
optional) fields identifying the system (t for WTP and fer WWTP), the
assessment group and the Pl number, e.g. wtWQO1 igrshanélicator (01) of
Treated Wastewater QualiyvVQ). Whenever necessary, an optional numerical
field may be included to identify an alternative processirg (e.g. wtER35.1
for Pump inspectionexpressed in No./(pump.year), and wtER35.2rispected
pumps %/year) and or an alphabetical character for thesgciation, for
instance per reagent used in the plant.

The detailed characterisation of each Pl (code and designassessment
group, objective, processing rule, units, data requireslltse analysis and
observations (for clarification of variables and othdevant aspects to the PI
calculation) is presented in Quadros et al. (2010b) andavéial. (2010b).

The proposed PASs deals with a high volume of data, and an aictéoch
for the data processing and results visualisation waseftiver developed.
PAStool was implemented in Microsoft Ex@elith VBA programming and
also allows for the statistical analysis of results.

The Pl systems for WTP and WWTP, including the variables ted
relationship between Pl assessment groups and the vdariabtegories, are
presented in section 4.1 together with the data input ancbRislated so far for
the case-studies characterised in Section 3. The PI reseltdlustrated and
discussed by assessment group in sections 4.2 to 4.9.

3 THE CASE-STUDIES OF PASt21

The 27 case-studies of PASt21 (10 WTPs and 17 WWTP)perated by
12 water utilities, publically owned (10 companies of theudgy de Portugal
holding), private (AGS, SA) or municipal (SMAS Almada).
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The case-studies are spread throughout the country (Figumedlgover a
wide range of treatment capacities and treatment sequéri®e40 WTPs range
from 3,000 to 400,000 #d (yielding a total treatment capacity of
1,160,000 r?{d), have different raw water sources (surface water and
groundwater) and unit operations/processes — pre-oxidation usioge,o
chlorine dioxide or chlorine, pH adjustment, softenindféation, chemical
precipitation, coagulation and flocculation, sedimentatiootafion, filtration
and disinfection (Figure 2). The 17 WWTPs cover differaagacities (360 to
54,500 ni/d, corresponding to 2.300 to 250.000 p.e.), includderint unit
operations and processes for wastewater treatment (etigated sludge
processes, trickling filters and biofilters, filtratiomicrotamisation and UV
disinfection) and solids and biosolids (sludge) processingenfical
conditioning, thickening, anaerobic digestion and dewaterimg)d final
disposal of the treated water (discharge and/or reusg)ré-3).
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Figure 1. PASt21 case-studies location in Portugal.
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Figure 2. Treatment capacities, raw water sources and unit
operations/processes of the 10 WTPs studied.
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Figure 3. Treatment capacities, final disposal and unit operations/[geses
of the 17 WWTPs studied.

4 PRELIMINARY RESULTS OF PASt21

4.1 Datainput and calculated Pls

Figures 4 and 5 present the number of Pls proposed in assassment
group, the number of variables by category and theioakhip between the PI
assessment groups and the variable categories. In eachrgateg most often
used variable is also shown (between brackets, in variedlegory boxes),
namelyTreated wateused in 19 Pls for WTP) dfreated wastewate22 Pls
for WWTP), Chemical dispensersnflow BOD masgWWTP), Sludge outflow
and Other by-produts outflowFull-time equivalent employeesnd Running
costs(8 Pls for WTP and 8 Pls for WWTP).

The percentages of data input and calculated Pls — the avwelags of the
consortium and the maximum values obtained in one (W)WARYe also
presented in Figures 4 and 5. All Pls were considered releleg@nding the
assessment objectives, although in some treatment plantacthef reliable
data may limit (for the time being) the use of a fevs, R.g. wtBP19 —
Greenhouse gases emissio®n average, théVater volumes (and loads)
category obtained the highest percentages of data inp% (6 75% in WTP
and 28% to 52% in WWTP), followed binfrastructure Operation and
MaintenanceandBy-products

The percentages of calculated Pl evidence the major corveiéh plant
effectiveness and reliability Treated (waste)water qualitgssessment group
presented, on average, the highest percentages (49-68% iradT30-43% in
WWTP), followed by Removal efficiency and reliabilityUse of natural
resources and raw materiaidBy-product managemerihe lack of a reliable
and accurate method to affect tRersonneland theEconomic and financial
resourcesto a single (W)WTP resulted in low average percentage®l
calculation in these groups, in addition to low databdity and accuracy. The
following results of Pe and Fi indicators should therefore meyaed with
reservations.
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Figure 4. Pl assessment groups, variable categories, percesft@fealculated
and data input for WTP»(average valuess maximum values).
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The values obtained for each Pl and for each year aenevbr statistically
feasible, aggregated in a box plot (Figure 6), which inclutthes average,
median, percentiles 25 and 75, maximum and minimum, and extoemfiers
(values below or above 3 times the P75-P25 difference).

The percentage of calculation, i.e. the percentagesef-studies entering the
calculation of a given performance indicators, is alsmsh Whenever the later
varies from year to year, interpretation of Pl variatishsuld be considered
with reservations.

73% % of calculation
Extreme

Maximum

Percentile 75
Average

Median
Percentile 25

Minimum

Figure 6. Box plot automatically produced by PAStool.

Pl results and discussion is enclosed in Tables 1 tmné for each
assessment group). The Pls shown were selected foritbeiest, variation
throughout the 5-years period under study and/or higherepige of
calculation. A box plot for the overall 5-years period soahvailable although
not always significant. Results for 2010 are not shown shreeata input is not
complete.

4.2 Treated (waste)water quality

The assessment grodpeated water qualitevaluates WTP performance in
terms of compliance with water quality criteria estdtsid by the utility for the
finished water leaving the plant and at consumption points.

Test results compliance is evaluated in terms of a#irpaters defined by the
water supplier and for key parameters (tWQO02, Tableardd in terms of
parameters analysed. The values of Pl tWQO02 reveal higislef compliance
for these key parameters.

The ability of the WTP to produce water that has an aakeqquality at the
delivery/consumption point(s) is assessed by the chlaes&ual (minimum
and maximum residual, twWQO06 in Table 1), THM concentratiand
microbiological quality. Pl tWQO06 shows that for some Wie residual
chlorine exceeded the maximum value recommended by theighese
legislation (1 mg/L). This situation recommends further lymig of the
disinfection.
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For a WWTP,Treated wastewater qualigompliance with discharge permit
regulation is evaluated on three aspects: quality testeedeaout, parameters
analysed and compliance with wastewater quality estadi in discharge
consents. Table 1 shows the results for the first and #spects (Pl wtWQ1.2
and wtWQ3.2, Table 1). These results showed a signifitaptovement in
performance. Nevertheless, concerning the quality, in 2008 #re parameters
for which the wastewater does not comply with dischaegenit regulation. The
assessment of water reuse is done by an analogous methodology.

Table 1. Pl results offreated (waste)water quality

tWQO02 — Compliance with key water quality parameter: 80% 80% 100% 100%
[%] (Fe, Mn, Al, NTU, THM, BrO3, coliformsyF 100 i =
(Tests of key parameters complying with criterédined by water 95 X
supplier (no.)/Tests carried out to key paramgfens)) x100 90 |
All values are above 80% ranging on average fron6%9to 99.9%
P25-P75 is 99.8-100%. Some values were considateshee.
80 =
2006 2007 2008 2009 2010 Overall
tWQO06 — Maximum chlorine residual at delivery/ W% 0% 0% 0%
consumption point(s)[%] = 160 T
(Average of the 10% highest values of free chiriecorded in the 0
distribution network (mg/L) / Maximum allowable v of free chlorine | 12
(mg/L)) x 100 100 E
The lowest median was obtained in 2008 (%6).8Although there a = &
some values below 100%, in 2006-2009 the averagm.isl01%anc 60
P25-P75 is 88-109%. 2006 2007 2008 2009 2010  Overal
wtWQO1.2 — Quality tests carried out [%]= 1200 so% s 7%
(Tests carried out (discharge permit regulatiomo) )/ Tests required 1000
(discharge permit regulation ) (no.) x 100 800
On average, the tests performed were 3 to 4 tilregests requed. The 600
minimum increased over the anagsperiod to 100% in 2009, whi | 4%
corresponds to compliance with the number of tesisired. 200
0
2006 2007 2008 2009 2010 Overall
wtWQO03.2a — Compliance with wastewater quality | ™° s sox sx 7%
established in discharge consenf8o] = 100
- m = total of required parameters analysed 80
; ! J = compliance with parameter ‘i’ (0 = no compliance 60 | |,
—5 100 1 = compliance) 20
Improved performance over the tirperiod: the average increased fi | 20
53% to 84%; P25 also increased, resulting in tigHe@5P75 ir 0 =
2008/2009. 2006 2007 2008 2009 2010 Overal

4.3 Removal efficiency and reliability

The assessment group Bemoval efficiency and reliabilitgvaluates the
plant performance in terms of plant robustness, flexibiligmoval efficiency
and reliability.

TheWater source utilisatiomas assessed by tERO1 (Table 2) and allowed to
identify, in some WTPs, situations of full use of thessources. In terms of
adequacy of treatment capacity, tER04 (Table 2) shdtetdmost of the WTPs
are over sized.



Preliminary results of «PASt21» 9

As the reliability of a treatment plant is higher if the fpoiisy of dosing
alternative chemicals is planed, this performance aspastewaluated through
tER19 (Table 2), which showed that, on average, the stlWifiePs may use a
number of alternative chemicals that is about one qudrtechiemicals used in
regular operation.

The equipment calibration must be verified periodicallyalidate the results
of the measurements. Pl tER34 to tER38 evaluate thedperalibration (or
verification of calibration) procedures for chemical disgessflow meters,
water/sludge level meters, pressure meters and omlater/sludge quality
meters. The obtained results show that some equipmenetacalibrated in
2006-2009, as illustrated by tER34, whose average is lesotieanalibration
for dispenser (Table 2).

For WWTP, the plant mass efficiency is evaluated by afsfte indicators
concerning BOD stabilisation and BOD, COD, TSS and nutriestsoval,
respectively. The results of WtERO3 (Table 2) show tharyeyear, P25-P75
lies within the typical range of literature for convental secondary treatment,
86-91% (Qasim, 1999) and 85-97% (Metcalf & Eddy, 2008) aver the range
of the Portuguese discharge permit regulation (70-90%).iftlisator shows a
relationship with the wtWQ3.2a, removal efficiencies bel®@% being
associated with lower values of compliance, due to higlolycentrated raw
wastewater (Table 2).

Equipment inspection can be assessed by the total numhkespefctions
and/or the percentage of inspected equipment. These tvamspgtie tested only
for pumps (WtER35.1 and wtER35.2, Table 2) and aeratons.theo other
equipments (valves, signal transmission equipment, flovensietvater/sludge
level meters, pressure meters, online water/sludge yuiaditl filter, dewatering
equipments and other key equipments) only the second op{oogdesed.

In 2006-2009, these Pl showed an increase in the practicespéction, a
procedure that reduces the risk of equipment failure. THaBares are
evaluated by PIs of interruption of the operation (> 30 mfrgquipment, such
as pumps (WtER54, Table 2), valves, aerators, deingteguipments and other
key equipments. As expected, there is an inverse correlagitmeen WtER35
and wtER54 (Table 2).

4.4 Use of natural resources and raw materials

This assessment group evaluates the plant performance gadégfiiciency
of use of most important treatment inputs: water, enariggmicals and filter
media.

As for water consumption in all WTP uses, tRUO1 (€a®) shows a high
performance of the studied plants.

The Energy consumption in the studied WWTPs (WtRUO4kemed slightly
over 2006-2009 and was, on average, 4 times higher than tgyen
consumption in the WTPs (tRU04).

The consumption of acids and bases in the studied WTPs (tREbf 3)
was 10 times higher than in the WWTPs (WwtRU04).
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tERO1 — Water source utilisation[%/year] =

(Raw water () x 365(day/year) / Assessment period (day)/ Annual
abstraction capacity of the source®yix 100

100
80
60
40
Wide range of results. Some cagtadies have values close to 100% 20
2006-2009 the average is 43% and P25-P75 is 15-80%.

1 B |

2006

2007

2008

2009

2010

Overall

tER04 — Adequacy of plant capacity{%)] =
n n
ZQtd *Jg +2Qtd xKg
d=1

1oL
n
2.
(=

Qtg= Plant capacity (daily avers
flow rate) at day ‘d’ (m¥day)
Qrg= Daily average flow
recorded at day ‘d’ (fitday)

n = assessment period (day)
Ji=1,if Qg>0.95Q4inday ‘d’
x100 . ) ’ _—"
=0,ifQr<0.95 Qg inday ‘d

Kg=1, if Q> 0.7/fs Q§ inday ‘d’

f< correction factor for

'@ seasonal variation of the flow

2006

80% 8

0%

2007

100%

2008

100%

2009

2010

Overall

-

) . . Increase over the period, with a v
=0,1fQr=0.7/fs Qi Inday'd" wide rangeof results. On average, 1
values are below 70%ndicating a poc
performance. Casgtudies with poc
rate through the assessment perioperformance are underutilised.

tER19 — Possibility of dosing alternative chemical§%] =
(Chemicals not used in regular basis (no.) / Chatsiased regular
during WTP operation (no.)) x 100

Similar values throughout the analyspdriod. In 2008 and 2009 1
median is 25%. In 2008-2009, P25-P75 is 10-37%.

2006

80% 80

%

2007

100%

2008

100%

2009

2010

i

Overall

tER34 — Chemical dispenser calibrationno./(dispenser.year)] =

(Chemical dispenser calibrations (no.) x 365 (degry /Assessmel
period (day)) / Chemical dispensers (no.)

Wide range of results, ranging from 0 to 1.1 calituns per dispenser.
2006-2009, the average is 0.64 no./(dispenser.yaad) P25P75 i
0.57-1 no./(dispenser.year).

60% 6

2006

0%

80%

80%

2007 2008 2009

2010

overall

WIERO3 — BODs mass remova
efficiency [%)] = [(Inflow BODs mass-
Outflow BODs; mass (effluent + by|
pass)) /Inflow BOR mass (kg)] x 100

47% 5%  76%  71%

94
P25 is above 90%. Values below 90%
shown): minimum of 2006 (76%),

extreme outliers in 2007 (39%, 66&6c

92

90

2006 2007 2008 2009 2010 Overall

100

80

wtwaQs.2a (%)
N o2 9
5 & 3

°

20

60
WHERO3 (%)

8

79%) and 3 in 2008 (70%, 84% and 88%).

WtER35.1 — Pump inspection [no./(pump.yedl = ..

Pump inspections (no.) x 365 (day/year) / Assessiperod (day) / 12

Pumps (no.) 12
6

Significant increase in Pl during the period anetsranging on avera
from two pump inspections in 2007 to 6 inspectioms2009. Thes
results (higher than one) do notean that all pumps were inspec
during the period, aspect d by PI wtER35.2.

WtER35.2 — Inspected pumpg%/year] =
(Inspected pumps (no./year) / Pumps (no.)) x 100

This processing rule option also shows an increasthe pratice of
inspection, although there are values lower tha®%dOper yea
Comparing the two PI options (WtER35.1 and wtERB5tds conclude
that the inspection effort was directed to cerfaimps.

59%

59%

2006

2007

2008

2009

2010

Overall

29%

35%

53%

59%

2006 2007

2008 2009 2010

Overall

WIER54 — Interruptions of pump ‘ [a % am e
operation (> 30 min)[no./(pumplyeai
= Interruptions of pumps operation (>
min) (no.) x 365 (day/year) / Assessn
period (d) / Pumps (no.)

3

2

1

Pl decreased on average from 0.98 to
no./(pump /year) in 2008009. In 2009, hs
of the case-studies has no interruptions.

0

2006 2007 2008 2009 2010 Overall

4

WEERS4 (n.2/(motoboma/ano))

E

2

4 6

8 10

12

WEER3S.1 (n.¢/(motobomba.ano))
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Table 3.PI results olUse of natural resources and raw materials

tRUO1 — Efficiency of raw water use at the WTH%] = s | 7% 7% s sox
(Treated water (f) / Raw water (1)) x 100

100
Most of the results are above 90%. In 2006-2008, aherage ihigh = os é
(97%) and P25- P75 is 95-99%. Values above 100% dee to flov = 4y

measuring errors.
85

80
2006 2007 2008 2009 2010 Overall

wtRUO1 — Fresh water consumptior[m3/10 nﬂ = 0 T w e
(Fresh water (1) / Treated wastewater {) x 10°

P25-P75 decreased from 1.7-7.310 n? in 2007 to 1.2-2.1 A10 nt in
2009. However, there are some values above thenmiaxj considere | 4 -
extreme outliers (some not shown), particularlg@®6 (17.8 i¥10 n?), N
2008 (31 n¥10 nt) and 2009 (5.8 ALO nt, 7.5 m/10 n? anc

68.9 /10 n7). 0

2006 2007 2008 2009 2010 Overall
tRUO3, wtRUO3 - Energy 20 T wn w m v | > T s % o WtRUO3
consumption [kWh/m?] = 16 e I EN
Energy consumption (kWh)Treatec | 1.2 15
(waste)water (%) 0s e 0
P25-P75 is 0.05-0.44 kWhirfor the o4 05
WTPs and 0.72-1.32 kWh/nfor the 00 Q 00
WWTPS ' 2006 2007 2008 2009 2010 Overall ' 2006 2007 2008 2009 2010 Overall
tRUO5, wtRU04 — Consumption ol 20 Fow % e 0w wuos| | 6% 18% 24% 29% WiRU04
acids and basegeq./nT] = 15 ! e
Acids and bases consumed (ed)édatec 04

(waste)water (F)
For the studied WT® the average °° 02
0.9 eq./mi. For the WWTPs, P2B75 it ol é
0.03-0.09 eg/rh 4 y

2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall

4.5 By-product management

By-product managememissessment group evaluates the plant performance
in terms of production and disposal/beneficial use of toghacts, including:
sludge, filter media, screenings, grit, skimmings and lsipgeeenhouse gases
emission.

Sludge production in the WWTPs (wtBP01.1, Table 4) increased 2006
to 2009. The increase of sludge production is mainly dutaeé production of
less concentrated sludge (wtBP08) and/or to lower BOBilis@ion efficiency
(WERO2).

However, wtBP08 shows high and constant values of sludge eightwover
2006-2009 and wtERO2 was not possible to calculate.

Sludge dry weight produced in the WTPs (tBP02, Table 4)algshigh but
decreased over the analysed period. In the WTPs, lexsmoated sludge
corresponded to higher sludge production (tBP01.1, 7ble

In most WTPs and WWTPs the sludge produced were outflowed Q2tBP
and tBP03) in 2006-2009. The wtBP04 indicator (Table 4) shbatsthere was
an increase in the beneficial use of sludge.
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Table 4. Pl results oBy-product management

200

tBP01.1, wtBP01.1 — Sludg( 50% S0% 70% 70% t8pO1. 0% 53% 8% 7% WiBPo1.
production [g/m®% kg/m® = Sludge *® b
produced (g or kg) / Treated (waste)watef)(n 120

Production increase  during 2006-2009" 1o
P25-P75 is 0.65-1.14 kginfor the WWTPs * 05 %
and 54-101 g/rhfor the WTPs. 0 00
2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall
tBP02, wtBP08 — Sludge dry weigh | * T 7% s oo wee| | Tain s ek esw prern
[%] = Dry weight of sludge produced (%) | * “
30 30
For WTPs, sludge dry weight decreased, ', 2 é %
averagefrom 30% in 2006 to 22% in 20(
The sludge produced in the WWTHRsring  *° 10
2006-2009 was on average 21%. 0 0
2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall
tBP0O5, wtBP04 — Beneficial use of sludg§] = 0o R 2 T ve% Ty
(Sludge with beneficial use (kg) / Sludge outfldwg)) x 100 80
60 -
The beneficial use of WWTP sludge increased overatalysed perigd 4o
with an average value of 100% (2008) or near (2009) 20
° 2006 2007 2008 2009 2010 Overall
4.6 Safety

The SafetyPls evaluate the plant performance in terms of: enviratehe
plant and personnel safety.

Indicators of environmental safety ((w)tSa0l1) and personngt3a02) are
zero for many case-studies. There is, however, the rme of incidents at
work (injuries and professional illnesses) in the studididP@/in 2008 and in the
WWTPs in 2009 (Table 5).

Table 5. Pl results oSafety.

tSa01,wtSa01- Spills and/or leakages ¢ ° [ o wx s wal [ oo e o wsaod
chemicals, by-products (or wastewater) **
[kg/10° m® = (Chemicals, by-productsof **
wastewater) accidentally released (kgyd¢ate( *®
(waste)water (H) x 10° 100

ok N w s ow

0 S IR

This Pl has mostly null values. 2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall

tSa02, wtSa02 — Incidents at work * Tao% sox sow sow 02 2% 1w 2% 2% wsa0d]
(injuries and professional illnesses 3 g
[no./(10 employee.year)F (Incidents at work , 4
(no.) x 365 (day/year) / Assessment period (d:
Full time equivalent employees (no.)) x 10

0 —_—tt— 0 | S===—eaaneasl
In all the years the median is zero. 2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall

4.7 Personnel

This assessment group evaluates plant performance in teawailability of
personnel, their qualifications and training, absenteaisdnovertime work.

In terms of personnel availability ((w)tPe01, Table 6) fer studied WTPs
present a median of 1.6 employee8/a8 of treated water while the WWTPs
have a median of 4 employees/1¥ of treated wastewater, half of which with
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basic education and one sixth with a university degree R@@R, Table 6).
Total absenteeism ((w)tPe06.1, Table 6) increased in 208% much of this

increase was due to incidents at work (injuries andegsdbnal illnesses)
((w)tPe0Q7). For the WWTPs, the highest absenteeismmdigénts at work in

2009 is consistent with the PI relativeltidents at worKwtSa02), which was
also higher in 2009. Overtime work ((w)tPe08, Table 6yeksed, showing a
better adequacy of (W)WTP personnel utilisation. Data relfiglzihd accuracy
are however low as explained earlier.

Table 6.PI results oPersonnel

(w)tPe01 — (W)WTP personne g | 10% 50% 70% 70% went| || 18% 2% a7 s wtpe01
[n.o1¢ m* = . .

6 16
(Full time equivaleh  employee 12
(no.) / Treated (waste)water Ynx 10° 41 .
In 2006-2009, the median is 1.6 no¥be | 4+ %
for the WTPs and 4 no./ianm® for the |, 0
WWTPs. 2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall
(w)tPe02 — Personnel with highel 10% 50% 0% 70% tpe02 18% 2% 3% 47% wtpe02
education[%] = 40 1 a0
(W)WTP  employees  with  high |30 30
education (no.)Full time equivaler | ,q 2
employees (no.)) x 100 =

10 10
This PI shows that in 2006-200% o | | 0
the employees have higher education. 2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall
(w)tPe06.1- Absenteeisnj%] = T T — wost | 2 Tow 1w 2% e wipe0s.1
(Absenteeism (hour) x 365 (day/year)/ 8 1
Assessment period (day) Maximumr | e 12
potential workload (hour/year)) x 100 . .
The absenteeism increased from 266 4
2009, with a particularly high valufor -
one WWTP in 2009. 0 0 —

2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall

(w)tPe08— Overtime work [%)] = s s0% 0% 70% weos | | o [ow 2% 3% a7 wtpe0s
(Overtime work (h) x 365 (day/year)/
Assessment period (day) Maximurr &1 6
potential workload (hour/year)) x 100 4 4

The WTPs and the WWTPgresented
decrease of overtime wofkom 2007 t
2009. 0 0

2006 2007 2008 2009 2010 Overall 2006 2007 2008 2009 2010 Overall

~
~

4.8 Economic and financial resources

The Economic and financial resourcefdicators evaluate the plant
performance in terms of revenues, costs and economic sidigmalnit
capital costs and unit running costs, taken as a wholepauif\gng the major
contributions (i.e. personnel, electrical energy, chelmiead bed media, by-
product disposal, external services for analytical contrdl raaintenance), are
considered in this assessment group.

For the studied WWTPs, thdnit revenuegwtFiO1, Table 7) and th&nit
running costswere both higher in 2009, particularly the revenues,theo
Running cost coverage ratifwtFil0, Table 7) was also higher this year. In
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some WWTPs the unit revenues did not cover the unit runngsgs.cIn
addition, the higher the costs were, the lower the covemtgewas.Personnel
costsand Electrical energy costaccount for a major contribution (one fourth
each) of theUnit running costs As the Energy consumptignthe Electrical
energy coshas also slightly increased over the studied period, and dneses
expected directly related (Table 7). The results showmst be however
analysed with reservations due to the low data relialgitity accuracy.

Table 7.PI results oEconomic and financial resources.

(W)tFi01 — Unit revenue[Eur/m3] = Rl T —— wEFi0L
(Operating revenues (Eur) - Capitalised costs #f cmstructed aset: 08
(Eun)) / Raw (waste)water (i 0,6 -

On average, there is an increase over the anajysedd. In 2009the | >4
range P25-P75 is wider (0.16-0.56 Eulym 02

0,0
2006 2007 2008 2009 2010 Overall

(w)tFi03 — Unit running COStS[EUI’/mB] = YO T o esw s wtFi03
Operating costs (Eur) - Capitalised costs of selfistricted asse 08 ‘
(Eur))/ Treated (waste)water {jn 06

As in the previous PI, there was an increase dweanalysegeriod. Ir | %4
2009, P25-P75 is 0.15-0.42 Euflm 02

0,0
2006 2007 2008 2009 2010 Overall

. . 025
(W)tF|05.1 — Electrical energy cost 47%  47% 65% 59% WEFIOS.
[Euro/n?] = Electrical energy cos | %2 Ew y-008521 Ji
(Eur) / Treated waste(water) {n 0,15 3015 L /
The electrical energy costs increz 010 go’w ’
slightly over the analysed period. In 2006; 500
2009, P25-P75 is 0.02-0.12 Euf/m 000

0,00

0 04 08 12 16 2 24

2006 2007 2008 2009 2010 Overall WRUD3 (Wh)

(W)tFi10 — Running cost coverag |° [s% ax ow o s
ratio [-] = 4
Total revenues (Eur) / Running costs (EY 3

WEFI10 ()

In 2006-2009, P25-P75 is 0.822. Som
WWTPs present values below 1. 1

0 0 02 04 06 08 1
2006 2007 2008 2009 2010 Overall W03 (Euro/m’)

4.9 Planning and design

Planning and design indicators evaluate other aspects negtlgirelated to
short and medium-term technical management decisions buermcihg the
WWTP environmental and economic performance, sudblaming and design
personnel(wtPDO01), Land occupation by treatment systémtPDO02), Land
occupation by landscapend other valuable elementavtPD03) andCurrent
land valuation(wtPD04).

In 41% of the studied WWTPs, wtPD02 shows constant valugsagl
2006-2009, P25-P75 is 0.33-0.76/(m%d) and the median is 0.474m>/d).
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5 FINAL REMARKS

The work undertaken in the scope of PASt21 allowed setgctiom the
developed portfolio of Pls, those associated with the spaiifectives of each
case-study. Opportunities for improving the clarity andmidation of the
proposed indicators and their variables were also identified new indicators
were developed, giving rise to the second generation of PWTér and urban
WWTP.

It was concluded that all indicators of the WTP and WWsiBtems are
relevant depending on the assessment objectives, although @ temsiment
plants the lack of reliable data may limit the use &wa Pls. The results show
the ability of the proposed Pl systems to assess thelbperformance of a
given treatment plant. The aggregated results of an imdicaay be used as
reference values whenever these are not included inl tdefiRition, provided
the aggregation is made for a group of similar undertakingerins of the
performance criterion assessed by that particular Pl. Ggeegated results are
ultimately very important for the continuous improvemerit tbe plant
performance through benchmarking and targets’ periodic resaseas

The results presented in this communication are consideséohiprary since
data reliability and accuracy are still aspects to owprby the water utilities for
the period of 2006-2009. Results from a second calculatioluding the year
2010, will soon be produced.
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