de P’Aigua

Universitat Autopoma 0., o Depuracion de Aguas
deBarcelona The European Water Platform del Mediterraneo

SAVING=E

Two-stage autotrophic N-removal for mainstream sewage treatment

U " B &‘ﬁ}‘ m Ageéncia Catalana m

- == .- Eficiencia energetica en EDARs.
e Proyecto Europeo Enerwater

U SC Stefano Longo

e Universidad de Santiago de Compostela

SAV‘“G E @Life_SAVING_E  Workshop, Valencia 28 junio 2018

Two-stzge autotrophic N-removal for mainstream sewage treatment




ENERWATER

How to define energy efficiency at WWTP?

5 = Energy efficiency is normally
L CERTCE TR T defined as the relationship
not'improve it.’ between
the consumption of energy and
the production of a service

Cord Kelvin

*kind of, soirt of

Energy

/ (electricity, diesel, gas, chemicals)
Input

Output

Energy service

(pumping, TS removal, nutrient removal, pathogen
removal, sludge handling etc.)
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State of the art

P

Applied Energy 179 (2016) 1251-1268

Contents lists available at ScienceDirect

National guidelines:
= |n Italy: kWh/m3
" |n Germany: kWh/PE-y

Applied Energy

ELSEVIER journal homepage: www.elsevier.com/locate/apenergy

Monitoring and diagnosis of energy consumption in wastewater @Cmm
treatment plants. A state of the art and proposals for improvement
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WWTPs energy benchmarking
methods applied so far in the
wastewater sector:

-Data Envelopment Analysis (DEA)

:

Number of case studies

0- -USEPA Energy Star method for
P o S o \{o o &
&F & & &S & & WWTPs
& P & T Y 8 -
Sl sy $ & §+ can be used for comparison but they

fail at prescribing any improvement

Fig 2. Statistics frequencies of how energy data are reported in the literature. Aggr.
= aggregated data; disaggr. = disaggregated data. st rategy
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The final goal...

Universally understood
energy label

Water Treatment Energy Index (WTEI)

Standardized: to allow sound comparisons
between different plants and operators

Generic: Adapted to different typologies of

WWTPs
e Open: Anyone must be capable of using it and
igﬁéf?éiiiiféfgﬁiiiiﬁ::?i:: Sges | N WO understand how the results are obtained.
amples (n/y) 24
\ ' J\. J)




ENERWATER Project

The main objective is to develop, validate and to R
disseminate an innovative standard methodology for

continuously assessing, labelling and . ’

improving the overall energy performance of z

Wastewater Treatment Plants (WWTPs) 0
\]

44 months (March 2015 — October 2018) Cranfild | ot Wir -
1.7 MM €

Technology
Arts Sciences
Universidade de Santiago de Compostela (ES)

Universita degli Studi di Verona (IT)
Universita Politecnica delle Marche, Anconal JNY @Yfé#
University of Cranfield (UK) —

Technical University of Cologne (DE) edig“}

Espina y Delfin (ES) Sidsiosil y\/
ETRA (IT) Um <o
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WWTPs classification according to function

Type 1: Discharge to non -
sensitive areas - this includes
WWTPs focused on the removal
TSS, BOD, COD and NH,

Type 2: Discharge to sensitive
areas - this includes WWTPs
focused on removing TSS, BOD,
COD, total phosphorus, NH, and
NO,

Type 3: Discharge for re-use
(pathogens) - this includes

Kev E Directives linked wastewater effluent disch WWTPs focused on removing
.ey uropean .|rec IVes lInkea wastewater efriuent discnarges TSS, BOD, COD, total
Into waterways:

*  Urban Waste Water Treatment Directive (UWWTD) (91/271/ phosphorus, NH,, NO; and
EEC) pathogens

* Nitrates Directive (ND) (91/676/EEC)

*  Water Framework Directive (WFD) (2000/60/EC)

*  Bathing Water Treatment Directive (2006/7/EC) replacing
(76/160/EEC)

* Shellfish Directive (79/923/EEC)

*  Freshwater Fish Directive (78/659/EEC)

Rodriguez-Garcia et al. (2011) Water Res 45, 5997

6



ENERWATER

-~

Other factors that influence performance

Sludge import

Various types of energy used (electricity,
diesel, gas etc.)

Chemicals used (chemical energy consumption
— obtained from Ecoinvent database)

Renewable energy produced at WWTP: Gross
and Net energy consumption




ENERWATER Methodology: Assessing vs Diagnosis ENERWA S8
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2 Tools: Rapid Audit and Decision Support =

Rapid Audit Methodology Decision Support Methodology

Energy » Aggregated energy * Disaggregated online data from energy
consumption consumption from energy meters on site
data bills
Plant * Routine (available) influent/ ¢ Intra-sectional influent/effluent data
operation data effluent analyses
Objective e Energy benchmarking e Diagnosis

e Rapid tool to energy * \Verification

efficiency assessment e Training tool




Water Treatment Energy Index (WTEI) calculation

Key Performance Indicators (KPI)
estimation

Comparison with distribution functions

Energy Performance Indicators (EPIs)

Weights selection

EPIs Aggregation

WTEI calculation

A

Ranking

Data collection and
KPlIs calculation

Compare the value
of the KPIs with
distribution
functions and obtain
percentile of each
KPls (EPIs)

Choose the weights
for the selected KPIs
from database of
WWTPs energy
consumption data

Aggregate the EPIs
into a single WTEI
through a weighted
sum

Assign label
corresponding to
the value of the

WTEI
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Step 1: KPI determination

[ kWh/kgTPE ]

[kWh/kgTSS ]

~_ \

Stage 2:
Stage 1: Primary Stage 3: Stage 4:
Pre-treatment treatment Secondary treatment Tertiarv treatment

A i A

@ [ | \ \ \
Grit Biological treatment

R treatment Tertiary treatment
Sclr_efns chamber primary sed. Second. sed. i

i gl w — Treated
FHEHIE 4 Seas_s_== effluent

! i

[ kWh/LogReduction * m3]

\ 4

25

% v v
W Large Grit —
Wastewater items — — ﬁ
influent
- [ r Sludge processing (thickening, dewaterin
}
1 ; i
Stage 6: __ :?ejgz Sludge Energy (biogas, etc.) i | Stage 5:
Return . SihIation | Sludge
- ]
liquors ‘ reatment
treatment Sludge processing (thickening, dewateri
—

+
Sludge disposal or re-use

- ——————

Stage 7:Odour treatment
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ENERWATER Methodology: Define NERWATER.

There is a clear need to establish suitable KPIs within the WWTP that allow a comparable, realistic
and universal form of reporting the energy data.

STAGE FUNCTION KPI

STAGE 1 Pumping kWh/m3

STAGE 2 Solid removal kWh/kg TSS, . moved
STAGE 3 Pollutants removal kWh/kg TPE, . roved
STAGE 4 Pathogens removal  kWh/Log .yuction*™>
STAGE 5 Sludge handling KWh/Kg TS ocessed

* kgTPE (total pollution equivalent) = kgCOD+20 kgTN+100 kgTP
Benedetti et al. 2008

11
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27

Step 2: KPl normalization

= Compare the value of the KPIs with the database distribution function and obtain the
percentile for each KPI.

= The percentile is a normalized manner to express the performance of the plant for a
given KPI.

= Therefore, they are denominated energy performance indicators (EPI)

100% 100% 100%
o 80% o 80% . 80%
'% 60% £ 60% £ 60%
5 40% § 40% § 40%

20% 20% 20%

0 0

o 0 1 2 3 o 0 1 2 3 o 0 1 2 3

KPI (kWh/m3) KPI (kWh/kgTPE rem) KPI (kWh/kgTSproc)

12



Step 3: Weight selection

These weights have been estimated based on the average contribution of each function of the WWTP to
the overall energy consumption, i.e. pumping accounts for approximately 12% of the overall energy
consumption and the secondary treatment (removal of COD and nutrients) accounts for the 52%.

W Stage 1 kWh/m3

W Stage 2 kWh/kgTSS rem
Stage 3 kWh/kgTPE rem

W Stage 4 kWh/LogReduction*m3

52% * Stage 5 kWh/kgTSE

If the five KPIs are not applicable, normalise the weights to sum unity such as:

W.
Wrormi= 5 :/v where k is the number of applicable KPIs
171

13



ENERWATER

Step 4: Aggregation

= Aggregate the EPIl into a single WTEI through a weighted sum.
= This method of aggregation is compensatory, i.e. one EPI can compensate to a
certain extent the performance in other functions

k o |

/

WTEIC = Z Whnorm,i XEPIi,C
1=1

/

Composite
indicator value [Weight value]

for plant c for KPI k

14



Step 5: Rank and label assignation

The boundaries between labels have been decided according to the following criterion,
common in EU efficiency labelling standards: the median performance index is the upper
boundary of class D. This labelling strategy allows good discrimination power at high
efficiency, serving as an incentive for innovation.

~N
J

Label WTEI
A <0.11
B 0.11<WTEI<0.22
C 0.22<WTEI<0.33
D 0.33<WTEI<0.44
E 0.44<WTEI<0.55
F 0.55<WTEI<0.75
G >0.75 ( o 220 Vst:j::ision Suppo

15



Overview of the ENERWATER methodology

Check the energy consumption and determine ~ Compare vs other WWTPs Get the energy label
the KPls

N
J

kWh kWh kWh kWh 100%
KPli = KPI; = " 3= KPls= -
m? of water kg solids kg pollutant (m3 log reduction 80%
treated removed removed of pathogens) % 0%
g
Stage 2: £ 0%
Stage 1: Primary Stage 3: Stage 4:
Pre-treatment treatment Secondary treatment  Tertiarv treatment 20%
o . .
@; | | o 05 1 15 2 25 3 Rapid audit
Biological edeniueetrg
Screens fr::mbnv Primory sod, [CMMENt o nd. sed,  Tertiory treatment SeeTRent el Gross Net
" Gy | — Treated 100%
s ffiuent e SahRA >
& - CD>
N Large Grit — — 2 0%
Wastewater items £
influent g 0%
Sludge processing (thickening, dewaterin ﬂ
| - E
Stage 6: Return Sludge L ] Energy (biogas, etc.) E Stage 5: o%
Ratie bavors sabizgion | — Sludge o s 1 1 2 2 3 F <
treatment Sludge processing (thickening, dewaterii
|
Sludge disposal or re-use : 100 s __
¢ 0% PE 10000 Decision support
Stage 7:Odour treatment — KWh/year i 150000 || Stage 1 ]
T 0% TotKWhiyear | 250000 || Stage 2 .
kWh kWh kWh 0% - Stage 3
KPle= (R — KPls= ——— £ Scenario . G0d ||'Gced
kg nitrogen kg volatile organic kg sludge 0% Intevalyean | 3 Il
removed compound treated Samples (n/y)
0% . )
0 05 1 15 2 25 3

KPl

WWTP divided into functions -> a KPI is Assign a percentile to Diagnosis of inefficient
associated to each function performance each KPI with a 600 processes. Communication
WWTPs database through the energy label

16



ENERWATER online tool is (almost) ready to use

ENERWATER methodology: http://www.enerwater.eu/download-documentation/
ENERWATER online tool: https://enerwater-h2020.wtelecom.es

Audit Methodology Rapid Audit

»
+

Decision Support

Online tool
Summary
E Test final Size PE: 18000 Interval (year):
Email * Design Size (PE): 15000 Scenario: Gold
© Administrator Electricity consumption (kWh/year): 1673.94 Samples (n/y): 12-24
Password * £0) 11/06/2018 13:10 Overall energy consumption (kWh/year): 1673.94
Calculation & Ranking WTEI = A
Don't have an account? Sign Up GROSS NET Stage 1 o
82 Stage 3 «»
ﬁ  CHEN ) Stage 5 o
Register here
Energy Consumption From kWh/year: 1673.94 HRY:
KPIs And EPIs iE

_ Back

17



ENERWATER methodology validation

| Internal Validation
uollepijeA |eulaix3

v

The cross-examination consists in checking three consistency conditions for the efficiency measures:

O the efficiency scores generated by the different approaches should have comparable means,
standard deviations, and other distributional properties;

O the different approaches should rank the WWTPs in approximately the same order;

O the different approaches should identify mostly the same WWTPs as “best-practices” and as “worst-
practices”.

18



ENERWATER methodology validation NERW e
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Internal validation: ENERWATER Rapid Audit vs Decision support:

1.00 120
0.80 - 100 1
E 80 - . .
> Correlation higher
[=]
= o 60
8 040 than 90%
S 40
0.20 20 |
0.00 4! T T 1 0 T T T T T 1
0.00 0.20 0.40 0.60 0.80 1.00 0 20 40 60 80 100 120
RA WTEI Ranking RA WTEI

19



ENERWATER methodology validation NERWE ..

PO 7

Internal validation: ENERWATER Rapid Audit vs Decision support:

o : Correlation higher
B than 90%

0.004! T T T T d 0 T T T T T "

External validation: ENERWATER vs Data Envelopment Analysis

Correlation higher
than 90%

Ranking DEA

40 60 80
Rankin WTEI
20
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Case study

Plant 1 Plant 2
ENERWATER Typology 3 2 3
Capacity 25,000 PE 9,360 PE 48,000 PE

Storm water tank, coarse

. : Fine screening, grit and
screening, grit and grease

grease removal

Coarse screening, grit and

Pre-treatment
grease removal

removal
Primary treatment - Primary sedimentation -
Oxidation ditch, bio-P Activated sludge + Activated sludge +
Secondary treatment removal, secondary chemical P precipitation, chemical P precipitation,
sedimentation secondary sedimentation secondary sedimentation
Tertiary treatment - - UV disinfection

Thickening, dewatering,

B — Thickening, dewatering,

disposal

Thickening, dewatering

Sludge Treat t :
udge freatmen and disposal

21



Case study

O Energy data:

Energy carrier WWTP 1 WWTP 2 WWTP 3
Electric energy [kWh/d] 759,321 522,557 769,016
Natural gas [Scm/d] - - -

Biogas [Scm/d] - . B}
Chemicals [kWh/d] 1,503 18,497 55,006
Total energy [kWh/d] 759,534 541,054 824,022

J Operational data:
WWTP 1 WWTP 2 WAREES

Parameter Influent Effluent Influent Effluent Influent Effluent
Flow [m?3] 1,730,329 1,791,271 5,760,845

COD [mg/L] 255.00 50.00 305.53 10.40 308.00 22.00
TN [mg/L] 22.00 4.00 30.06 0.06 36.60 6.40
TP [mg/L] 7.20 2.60 4.63 0.46 4.63 0.57

22




NERWATER .
Case study e
Rapid Audit analysis: which plant is inefficient? R

J Plant 3 is a good candidate to for

WWTP 1 WWTP 2 WWTP 3 implementing energy saving

measures.

O Where does inefficiency come

from???

23



Case study

Rapid Audit analysis: which plant is inefficient? o R

J Plant 3 is a good candidate to for

WWTP 1 WWTP 2 WWTP 3 implementing energy saving

measures.

O Where does inefficiency come

from???

Decision Support analysis: which function of a plant is inefficient?

WWTP 1 WWTP 2 WWTP 3

St 1 F B G .
= O Plant 1 and 3 should look at their
Stage 2 - C - . '
pumping station
Stage 3 C C F
. O Plant 3 has very likely a low efficient
Stage 4 - - G .
aeration system, as well as low
Stage 5 B B A o
efficient UV lamp
Global Label C B F 24




Towards an European Standard

ENERWATER is proposing a new standard for WWTP energy efficiency

ENERWATER

methodology Technical report European standard

Standard
Preparing report jointly To be voted by
with Working Group 40 CEN/TC-165 members

25



Towards an European Standard

Standardization activities in
ENERWATER:

Analysis of the state of the art

(Deliverable 5.2 Standardization
landscape)

Contact with stakeholders in the
search for feedback and
consensus

Communication with the
standardization technical
committees

Proposed normative document
(European Technical Report,
CEN/TR)

Benefits:

Promote a common method
applicable to the most
common WWTPs in Europe
Facilitate the acceptance
and use by the market of
the defined methodology
Help optimize WWTP
management and service
provision, thus reducing
costs

Open a way to progressively
introduce aspects of energy
efficiency in other sector
standards already published

26



To know more...

ENERWATER

Contents lists available at ScienceDirect

Applied Energy
e
ELSEVIER

journal homepage: www.elsevier.com/locate/apenergy

Monitoring and diagnosis of energy consumption in wastewater
treatment plants. A state of the art and proposals for improvement

|

Stefano Longo *, Benedetto Mirko d’Antoni b Michael Bongards ¢, Antonio Chaparro 4 Andreas Cronrath®,

Contents lists available at ScienceDirect

|
Water Research
journal homepage: www.elsevier.com/locate/watres
[ |
A systematic methodology for the robust quantification of energy ) -
efficiency at wastewater treatment plants featuring Data Envelopment | &
Analysis

S. Longo’, A. Hospido, J.M. Lema, M. Mauricio-Iglesias

Department of Chemical Engineering, Institute of Technology, Universidade de Santiago de Compostela, 15782 Santiago de Compostela, Spain

ENSEEC

Surrey Energy Economics Centre

¢ UNIVERSITY OF
U S SURREY
Comparative energy efficiency of wastewater m
treatment plants based on economic foundations =

Stefano Longo?2

4157 IAEE Mona Chitnis2
INTERNATIONAL . .. .

CONFERENCE Miguel Mauricio-Iglesiast

Almudena Hospido1

GRONINGEN 2018

Energy data and main approaches for energy
benchmarking

Main factors affecting energy demand at WWTPs
Dataset of 600 WWTPs

External effects (e.g. temperature, size, load
factor, dilution, technology)

Extended dataset (available upon request)
Methodology for including external variable in the
analysis (Matlab code available upon request)

Energy demand model for WWTPs

Panel data

s inefficiency due to the operation or to the
equipment?

27
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