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-  Water cycle ≅4% electricity consumption worldwide 
-  30% for wastewater treatment 
-  Double this figure by 2040  
 

ENERWATER born to face the challenge of treating 
wastewater using the minimum amount of energy, 

becoming a collaborative platform (Coordinated Support 
Action) for energy efficiency in the field of water 

treatment. 

Water-energy nexus 
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ENERWATER 
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Literature review: What sources of 
information? What data are reported? How? Why and 
for what? What kind of methodologies are used in the 
evaluation of energy efficiency at WWTPs? 
 

	
	

601 WWTPs => Final sample= 388 
Population eq. = 15.7 MMPE 
Electricity consumption= 1.72 GWh/d 

 2.62 MMPE (16.6%) in North America 
 3.22 MMPE (20%) in Asia 
 9.86 MMPE (62.8%) in Europa   

WWTPs energy benchmarking methods 
applied so far in the wastewater sector (Data 
Envelopment Analysis or USEPA Energy Star 
method) can be used for comparison but they 
fail at prescribing any improvement strategy 

Learning from the 
literature 
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Energy efficiency = 
relationship between the 
production of a service, good or 
energy and the consumption of 
energy 

How to define energy 
efficiency at WWTP? 
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Input 

Output 

Energy  
(electricity, diesel, gas, chemicals) 

Energy service  
(pumping, TS removal, nutrient removal, pathogen 
removal, sludge handling  etc.) 



ENERWATER 
methodology: Overview 

Diagnosis of inefficient 
processes. Communication 

through the energy label !

WWTP divided into functions -> a KPI is 
associated to each function performance!

Check the energy consumption and determine 
the KPIs!

Assign a percentile to 
each KPI with a 600 
WWTPs database!

Compare vs other WWTPs! Get the energy label!

Rapid audit 
Gross Net
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ENERWATER 
methodology: Define 

STAGE FUNCTION KPI 

STAGE 1 Pumping kWh/m3 

STAGE 2 Solid removal kWh/kg TSSremoved 

STAGE 3 Pollutants removal kWh/kg TPEremoved* 

STAGE 4 Pathogens removal kWh/Log reduction*m3 

STAGE 5 Sludge handling kWh/kg TSprocessed 

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.	

*	kgTPE (total pollution equivalent) = kgCOD+20 kgTN+100 kgTP  
Benedetti et al. 2008 
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ENERWATER methodology: 
Rapid audit vs decision support 

Rapid Audit Methodology  Decision Support Methodology    

Energy 
consumption 
data 

•  Aggregated energy 
consumption from energy 
bills 

•  Disaggregated online data from 
energy meters on site 

Plant operation 
data 

•  Routine influent/effluent 
analyses 

•  Intra-sectional influent/effluent data 

Objective •  Energy benchmark  
•  Rapid tool to energy 

efficiency assessment 

•  Diagnosis 
•  Understanding 
•  Verification  
•  Training tool 
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Water Treatment Energy 
Index (WTEI) calculation 
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Key Performance Indicators (KPI) 
estimation

Ranking

Energy Performance Indicators (EPIs)

EPIs Aggregation

Weights selection

Comparison with distribution functions

WTEI calculation

Data collection and 
KPIs calculation

Compare the value 
of the KPIs with 

distribution 
functions and obtain 

percentile of each 
KPIs (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/m3	 kWh/kgTPE	

kWh/kgTS	

kWh/LogReduction*m3	
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Step 2: KPI 
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) 
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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 14.25% of the overall energy 
consumption and the secondary treatment (removal of COD and nutrients) accounts for the 70%. 
 

If the four KPIs are not applicable, normalise the weights to sum unity such as: 
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Step 4: Aggregation 

Aggregate the EPI into a single WTEI through a weighted sum (Equation 7). This 
method of aggregation is compensatory, i.e. one EPI can compensate to a certain 
extent the performance in other functions 

 !"#$! =  !!"#$,!
!

!!!
×!"#!,! 	 

Composite 
indicator value 
for plant c Weight value for 

KPI k 

Normalized KPI 
value 
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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. 

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	
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Rapid audit 
Gross Net
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Preliminary results 
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Conclusions 
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The application of the ENERWATER Rapid Audit methodology to 
benchmark and audit municipal WWTPs advanced the current state of 
the art and allowed:  
 
•  the comparison among heterogeneous WWTPs based on the basic 

functions of a plant  
•  the disaggregation of the key performance indicators based on 

these functions 
•  the definition of single WTEIs and energy labels (classes A to G) that 

can support the decisions of the water utilities to best target of 
energy saving actions to less performing WWTPs   
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