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BENCHMARKING THE ENERGY· 
HEALTH NEXUS FOR MORE EFFICIENT 
WATER RECYCLING OPERATIONS 
Key findings from the application of a new energy benchmarking 
approach to optimise recycled water systems 
MD Short, B van den Akker, R Regel 

ABSTRACT 
This paper reports on the findings of 

a 12-month study, undertaken at SA 

Water and supported by the Australian 

Water Recycling Centre of Excellence 

and UniSA, which set out to explore 

and develop a new approach to energy 

benchmark and optimise water recycling 

systems - so-called 'energy-health' 

benchmarking. The project also made 

the first steps toward developing a new 

suite of energy benchmarks for a range 

of advanced water recycling processes. 

Several South Australian recycling 

schemes were selected to 'road test' 

the new benchmarking approach, with 

the results of these investigations 

presented for two of the case studies . 

Following an extensive literature 

review of specific energy data for a 

range of recycling processes, preliminary 

benchmarks for water recycling 

processes were developed for so-called 

Guide (50th %ile) and Target (20th %ile) 

performance values. Detailed process

level energy benchmarking was then 

undertaken at each of the case study 

sites using the newly-developed Guide 
and Target performance benchmarks. 

Health-based process performance 

criteria (i.e . pathogen log reduction 

values) were then integrated into the 

process benchmarking and optimisation 

approach to identify optimisation and 

energy efficiency opportunities at the 

process level. Overall, the study provides 

the first known set of indicative energy 

benchmarks for a range of advanced 

water recycling processes and has made 

the first steps toward developing a 

new approach for the Aust ralian water 

industry to use in future water recycling 

process optimisations. 

Keywords: Energy benchmarking, 

recycling, energy efficiency, process-level 

optimisation, energy-health nexus. 
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INTRODUCTION 
Recycled water is an important, c1imate

independent water source in the diverse 

supply portfolio of today's 'c1imate

ready' water sector (Rodriguez et a/., 
2009; WSAA, 2012). South Australia 

is at the forefront of water recycling 

operations national ly, with some 32% 

(",28 GL) of metropolitan Adelaide's 

wastewater recycled during the 2012-13 

financial year. While recycling provides 

valuable resource-recovery functions 

for increasingly scarce and valuable 

water and nutrient resources, recycling 

processes are among the most energy

intensive operations conducted by water 

utilities today (Cook et a/., 2012; Spies 

and Dandy, 2012). 

In addition to the high capital costs 

of recycling systems, many schemes 

are perceived to over-treat water 

without justifiable public health or 

local environmental benefits, resulting 

in excessively high resource inputs, 

operational and maintenance (O&M) 

costs, electricity use and environmental 

emissions (Bichai and Smeets, 2013) . 

Given the high energy demands and 

associated cost, recycling operations 

must be further optimised to provide 

true 'fit-for-purpose' recycled water at 

least cost. Since one can manage only 

what one measures, water utilities must 

first benchmark the energy performance 

of their current operations in order to 

inform and drive future optimisation 

and efficiency initiatives. Due to the 

recognised site-specific nature of water 

industry operations (Friedrich et al., 
2009), such benchmarking investigations 

must be made on a case-by-case basis. 

Benchmarking approaches offer 

a standardised way of measuring, 

monitoring and improving performance 

across a variety of water sector 

operations. Energy benchmarking is a 

relatively new phenomenon for the water 

sector and falls under the International 

Standard 15050001 :2011 Energy 

Management Systems (ISO, 2011). The 

Standard defines benchmarking as " .. . 

the process of collecting, analysing 
and relating energy performance 
data of comparable activities with the 
purpose of evaluating and comparing 
performance between or within entities." 
The basic goal of energy benchmarking 

is to undertake an initial energy review 

to establish a performance baseline 

that can then be used to monitor and 

improve future energy performance. 

Previous energy benchmarking 

of SA Water's wastewater treatment 

operations (Krampe, 2013) highlighted 

the impracticality of 'plant-level' 

energy performance assessments, 

with 'process-level' benchmarking the 

only means by which to achieve best 

practice energy performance. This 

need for disaggregated process energy 

data requires energy sub-metering at 

the individual process level. Following 

initial pl ant-level energy benchmarking 

of its wastewater treatment operations 

(Krampe and Trautvetter, 2012; Krampe, 

2013), SA Water has implemented 

extensive energy sub-metering across 

its metropolitan treatment plants, 

providing detailed process-level energy 

breakdowns via SCADA systems 

and giving plant operators real-time 

information on the energy use of key 

unit processes or process groups (refer 

Figure 3 of Steele et a/. (2013)). 

Prior energy benchmarking work 

at SA Water excluded water recycling 

operations due to a lack of available 

performance benchmarks for comparison 

and methodological issues with 



wastewater performance metrics (Krampe, 
2013; Steele et a/., 2013). As a leader in 
water recycling, biogas energy production 
and biosolids reuse, Australia should be 
striving for best practice performance 
in terms of treatment process energy 
efficiency. Before this can be achieved , 
relevant performance benchmarks for 
recycling processes must be developed 
and a suitable benchmarking approach 
devised . Accordingly, the aim of this 
research was to make the first steps 
toward the development of a suite of 
new energy benchmarks for various water 
recycling processes and also to propose 
a new approach for energy benchmarking 
and optimisation of Australian water 
recycling operations. 

APPROACH 
THE PROBLEM 
WITH WASTEWATER 
BENCHMARKING METRICS 

Prior work to energy benchmark 
wastewater systems has been done 
in the context of a different treatment 
objective (i.e. nutrient removal and 
environmental protection) to that 
required for recycling operations (i .e . 
pathogen removal and public health 
protection). The standard metric for 
energy benchmarking of wastewater 
treatment operations normalises energy 
use against an organic load factor (e .g ., 

kWh/PE
BoD6

i y, or energy use (kWh) 
per population equivalent (PE) organic 
load of 60g five-day biochemical oxygen 
demand (BOD) per year) (Haberkern 
et al., 2008; Crawford, 2010) . While 
ideal for wastewater applications, this 
approach is irrelevant for assessing 
the energy performance of water 
recycling operations and does not reflect 
the relevant regulatory framework 
underpinning recycled water supply in 
Australia - the Australian Guidelines for 

Water Recycling (NRMMC et al., 2006) . 

In addition to organic load-specific 
factors, flow-specific energy performance 
metrics (i .e . kWh/ unit volume) are also 
applied during wastewater energy 
benchmarking. While prior work has 
cautioned against the use of such 
flow-specific metrics for energy 
benchmarking of wastewater systems 
in favour of load-specific metrics (kWh/ 
PE/y) (Balmer, 2000; Crawford, 2010), 
the basis for this is less relevant to 
water recycling operations, wherein 
plant operators often have much greater 
control over plant inflows than do their 
wastewater counterparts. Accordingly, 
flow-specific energy use is seen as a 
valid energy performance metric for 
benchmarking of recycling operations 
and is reported here. 
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ENERGY BENCHMARKING 
OF RECYCLING SYSTEMS: 
A NEW APPROACH 

Beyond the performance metrics of 
energy benchmarking discussed above, 
the regulatory context for recycling 
operations differs greatly to that for 
wastewater treatment operations. The 
regulation of Australian water recycling 
operations is guided by the Australian 
Guidelines for Water Recycling (the 
Guidelines). The only other country 
to have formally adopted quantitative 
microbial risk assessment-based 
guidelines for public health regulation 
of municipal water supply is the 
Netherlands (Bichai and Smeets, 2013). 
The Guidelines give a range of indicative 
pathogen log 10 reduction values (LRVs) 
for key microbial pathogens (viruses, 
protozoa and bacteria) across various 
engineered treatment process 'barriers' 
(Table 1), as well as providing indicative 
pathogen LRVs for non-engineered on
site preventive measures (see Table 3.5 
of the Guidelines). 

While providing the water industry 
with a comprehensive framework 
for building and operating recycling 
schemes, the Guidelines also present 
the industry with a unique opportunity 
to tailor and optimise recycling systems 
to achieve least-cost, low-energy fit-for
purpose recycled water quality 

Table 1. Indicative log 10 reduction values of enteric pathogens and indicator organisms by selected treatment 
process barriers and on-site preventative measures (reproduced from Tables 3.4 and 3.5 of NRMMC et aI., 2006). 

Treatment process Bacteria" Virusesb ProtozoaC 

Secondary treatment 1.0-3.0 0.5-2.0 0.5-1 .0 

Dual media filtration with coagulation 0-1 .0 0.5-3.0 1.5-2.5 

Membrane filtration 3.5->6.0 2.5->6.0 >6.0 

Reverse osmosis >6.0 >6.0 >6.0 

Lagoon storage 1.0-5.0 1.0-4.0 1.0-3.5 

Chlorination 2.0-6.0 1.0-3.0 0-0.5 

Ozonation 2.0-6.0 3.0-6.0 N/A 

Ultraviolet (UV) light 2.0->4.0 >1.0->3.0 >3.0 

On-site control measure Bacteria, Viruses, Protozoa 

Drip irr igation of crops 2.0 

Drip irrigation of raised crops 5.0 

Subsurface irrigationd 4.0-6.0 

Spray drift control 1.0 

Buffer zones (25-30m) 1.0 

No public access during irrigation 2.0 

• Based on LRVs for E. coli and other bacterial pathogens including Campylobacter 
b Based on LRVs for viruses including adenovirus, rotaviruses and enteroviruses 
, Based on LRVs for Cryptosporidium 
d LRV varies according to irrigation setting (i.e. crops, plants/ shrubs, grassed areas) 
N/A = not available 
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Figure 1. Schematic overview of the Glenelg-Adelaide Recycled Water Scheme. 

by exploiting the intrinsic value of 'non
engineered' on-site preventive measures 
and by applying risk-based system 
design. Unfortunately, many schemes 
are not necessarily designed with these 
principles in mind, resulting in over
engineered process configurations and 
high operational energy requirements. 
In such cases, the Guidelines offer 
avenues for optimising process 
efficiency for energy savings; however, 
to fully exploit this potential, a suitable 
method is first required and this was the 
motivation for the current project. 

CASE STUDY SITES 

AND DATA ANALYSES 

Commissioned in December 2009, 
the Glenelg-Adelaide Recycled Water 
Scheme (GARWS) can provide up to 
3.8GL/year of recycled water to selected 
sites within the Adelaide metropolitan 
area for dual reticulation and unrestricted 
municipal irrigation. A 35MUd recycled 
water treatment plant (RWTP) provides 
for advanced treatment and recycling 
of secondary effluent from the Glenelg 
WWTP. A schematic overview of the 
GARWS is shown in Figure 1. 

A second study site at the Christies 
Beach WWTp, the so-called 'C Plant', 
provides up to 9GUyear of recycled 
water for commercial food crop irrigation 
in the adjacent McLaren Vale district . 
Recycled water supply from the Christies 
Beach C Plant comes via four-stage 
Bardenpho process activated sludge 
treatment in two reactor basins: with 
six membrane bioreactor (MBR) t a nks, 
followed by low-pressure UV disinfection 
via six Calgon C3500 0 reactors 
configured in three channels (two 
duty, one standby). 
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Our proposed method for energy 
benchmarking of recycled water systems 
involved a dual approach . Conventional 
flow-specific energy benchmarking 
was initially undertaken, as introduced 
earlier. Following this initial process
level assessment, relevant process 
performance data (e.g. energy use, 
UV dose, membrane loading rates) was 
analysed in conjunction with the public 
health performance criteria for each 
treatment process operation (i .e . V, P and 
B pathogen LRVs) to identify potential 
energy optimisation opportunities or 
process changes within the limits of the 
operating envelope (i.e. public health 
performance criteria) for the recycling 
process and scheme as a whole. 

To ensure the highest possible data 
quality, benchmarking analyses drew 
on performance data from the 2013-14 
financial year (01 / 07/ 2013-30/ 06/ 2014), 
with these data extracted from SA 
Water's online SCADA systems and 
associated databases. Where specific 
sub-metered energy data were not 
available (e .g . fo r some ancillary 
equipment), energy use was calculated 
according to first principles as a function 
of electrical equipment ratings (kW) and 
equipment runtimes (hours/ day) from 
SCADA. Annual inflow to the Glenelg 
RWTP for the study period was of the 
order of 2.0 GL. 

RESULTS AND DISCUSSION 
NEW ENERGY BENCHMARKS 
FOR RECYCLING PROCESSES 

Based on the initial literature review of 
flow-specific energy performance data 
for recycling operations internationally 
(refer Short et al.,2014, Appendix D), 
Guide (50th %ile; or industry average) 
and Target (20t h %ile; or industry best 
practice) performance benchmarks 

were developed for a range of 
recycling technologies relevant to 
Australia (Table 2). It should be noted 
that, while based on a comprehensive 
review, these performance benchmarks 
remain indicative and ongoing work is 
required to improve and further develop 
them according to plant size class or 
hydraulic throughput, since these are 
key determinants of flow-specific 
process energy performance (Mizuta 
and Shimada, 2010; Krampe and 
Trautvetter, 2012). Moreover, benchmark 
values for UV disinfection in particular 
incorporate energy data from some 
potable water applications, as well 
as a broad spectrum of operational 
UV doses (i.e. 25 to >200 mJ/ cm2

) . 

FLOW-SPECIFIC PROCESS 
ENERGY BENCHMARKING 

Detailed process-level energy 
benchmarking was performed for the 
major functional process groups at the 
Glenelg RWTp, including major pump 
stations, filtration and disinfection . 
Within these functional groups, and 
wherever energy sub-metering allowed, 
further disaggregation of process-level 
benchmarking was done (e .g . del ineation 
of UV and chlorination process energy 
within the 'disinfection' functional group) . 
Results of this process-level energy 
benchmarking are shown in Table 3 for 
both the Glenelg RWTP and GARWS, and 
Figure 2 for the RWTP only (i .e . excluding 
product water distribution pumping). 

Total scheme-level GARWS data 
of Table 3 shows that product water 
distribution (Pump Station 3) was the 
single largest energy user at nearly 
60% of total GARWS energy during 
2013-14 and , when all major pumping 
processes are combined, the total 
energy use fraction for pumping 
requirements is considerable (>75%). 
While Target performance values fo r 
pumping efficiency exist (e.g . 5.0-6.0 
Wh/ kL·m; Krampe and Trautvetter, 
2012), the development of benchmarks 
for water distribution pumping energy 
based on literature data is challenging, 
due to variable delivery head/ pressures 
and pumping distances. As such, no 
attempt was made here to develop 
these benchmarks and contrast with the 
Glenelg Pump Station 3 energy use. It 
should be emphasised, however, that 
the Glenelg recycled water distribution 
pumping head is considerable (100m; 
1,000 kPa), which explains the relatively 
high proportional energy use. 
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Table 2. Indicative Guide and Target energy benchmarks for key water recycling technologies, processes and systems (kWhl 
kL); average values for each process also provided for reference. Where they exist, equivalent benchmarks from the current 
industry standard of Haberkern et a/. (2008) are given alongside our new benchmarks in italics. 

Process group Average (mean) 
50th %ile 20th%ile 

(Guide value) (Target value) 

UV (medium pressure) 0 .095 0.065 0.02 

UV (low pressure) 0.084 0.031 0.012 

UV (generic) ',2 0,026-0,30 0,030 

MBR 0.95 0.95 0.613 

MBR' N/A 0.7-0.9 

Ozonation 0.163 0.055 0.026 

Ozonation' N/A 0.03-1.05 

Chlorination 0.012 0.003 0.001 

Microfiltration 0.137 0.122 0.061 

Ultrafiltration 0,228 0.174 0.116 

Tertiary membrane filtration (generic? NIA 

Whole-of-plant recycling 3 2.112 

1 Benchmarks of Haberkern et al. (2008) after Krampe and Trautvetter (2012) 
2 Target benchmark value relates to an equivalent UV dose of 40-50mJ/cm2 

3 Variable process configurations may include product water pumping/ distribution energy 
NIA = not available 

UVreadors 
17'1' 

UF exhaust fans 

1% 

UF CIP waste pumps 

0% 

Figure 2. Breakdown of Glenelg RWTP electricity use (% total; excluding final 
effluent distribution Pump Station 3) showing the relative contribution of the 
benchmarked sub-processes. 

The Glenelg RWTP data (excluding 
Pump Station 3) shows that the UF 
process is the largest single process 
electricity user (",45% total) (Table 3; 
Figure 2). Benchmarking UF process 
specific energy use (",0.14 kWhl 
kL) against our new performance 
benchmarks of Table 2, indicates that it 
is performing somewhere between the 
Guide (0.174 kWh/kL) and Target (0 ,116 
kWh/ kL) benchmark values, placing its 
performance among the top 30-40% 
of similar systems internationally, and 

suggesting only marginal potential 
for future process optimisation . 

Having said this, and given that 
compressed air requirements dominated 
the remaining energy balance of the 
combined UF process (40% total) after UF 
feed Pump Station 2 energy (52% total), 
recommendations were made to assess 
the size of existing air compressors 
relative to current RWTP flow rates and 
process air requirements, with a mind 
to possibly down-sizing them, andl 
or integrate variable frequency drivesl 

0. 10-0.15 

1,104 0.58 

inverters into existing compressors/PID 
controllers if not already installed . 

After accounting for UF process 
energy, the remaining ",55% of total 
RWTP electricity is consumed by 
pumping wastewater from the Glenelg 
WWTP to the balance storage basins via 
the fine screens (18%), UV disinfection 
(17%) and ancillary/ non-benchmarked 
processes (15%), which relate to plant 
building services (i.e. lighting, heating, 
ventilation and air-conditioning (HVAC)). 
Backwash return pumping from the fine 
screens (2 .8%) and chlorination (1 ,3%) 
make up the remaining energy balance. 

The equal second largest RWTP 
energy user was UV disinfection, which 
consumed some 109 MWh during the 
2013-14 monitoring period (17% total) 
and had a flow-specific energy use of 
0,0624 kWh/ kL. Comparing this again 
to the respective Table 2 performance 
benchmarks for low-pressure UV systems, 
it is clear that the current energy use of 
the Glenelg UV reactors is well above 
both the average Guide (0.031 kWh/ kL) 
and best practice Target (0 ,012 kWhl 
kL) values, indicating good potential for 
further process optimisation . 

Acknowledging that our Table 2 
benchmarks are indicative, benchmarking 
the Glenelg UV system performance 
against the more established Target va lue 
of Haberkern et al. (2008) (i .e . 0.030 
kWh/ kL; Table 2) still suggests that UV 
energy use is >200% of what it might 
otherwise be if optimally configured. 
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Table 3. Glenelg RWTP bench marked energy data for major functional groups and sub-processes, as well as total 
scheme-wide GARWS energy use. 

Functional process group Sub-process1 Total energy (kWh/y) Flow-specific energy (kWh/kL) 

Pump Station 1 113,542 

Pump Station 3 869,953 
Major pump stations 

Fine screens backwash 17,479 

TOTAL 1,000,974 

Fine screens motors 2,360 
-

Pump Station 2 (UF) 147,712 

UF air scou r blowers 4,800 

UF CIP pumps3 2,479 

Filtration UF CIP waste pumps 312 

Backwash return pumps 14,157 

UF air compressors 114,310 

Chemica ls exhaust fans 6,132 

TOTAL 292,262 

Chlorination 8,140 

Disinfection UV reactors 108,744 

TOTAL 116,884 

Residual/non-benchmarked 93,538 

RWTP TOTAL4 633,705 

GARWS TOTALs 1,503,658 

I Refer to Figure 1 for further information on plant configuration and sub-processes 
2 Based on Pump Station 3 actual pumped volume rather than RWTP feedwater volume 
2 elP = clean-in-place 

• Excluding Pump Station 3 product water distribution 
5 Including Pump Station 3 product water distribution 

For the Christies Beach site, ongoing 
energy benchmarking work at the site to 
some extent overlapped with work done 
d uri ng this project, so resu lts presented 
here are focused on UV disinfection only. 
Process e lectricity use by the Christies 
Beach C Plant UV reactors during the 
2013- 14 monitoring period was ",660 
MWh or some 10% of total C Plant 
energy use, with a flow-specific energy 
use of 0.105 kWh/ kL. Comparing this 
to the relevant Guide (0.031 kWh/ kL) 
and Target (0.012 kWh/ kL) values of 
Table 2 suggests t hat t he UV system 
is performing poorly and has good 
potential for process optimisation. 

ENERGY-HEALTH 
BENCHMARKING: 
THE CASE OF UV 

The Glenelg UV system was originally 
designed to deliver a minimum va lidated 
reduction equivalent dose of 50mJ/ cm 2 

(operationa l set-point 54mJ/ cm2
) at a 

minim um UV transmissivity (UVT) of 50% 
(operational set-point 55%), assigning 
the system an LRV credit of 1.0 log 10 
for virus inactivation and 4.0 log 10 LRV 
fo r protozoa and bacteria . Following an 
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upstream process change at the Glenelg 
WWTP during early 2012, wherein 
molasses dosing was replaced with 
sucrose dosing during act ivated sludge 
treatment, the UVT of RWTP feedwater 
improved considerably ("'65-70%). 

As a result, the UV reactors were 
receiving a highe r quality influent and 
were dosing at levels exceeding their 
design requirements. Although these 
particular UV reactors have the capacity 
to modulate ballast power within the 
range of 50- 100%, interrogation of 
ba ll ast power levels from t he plant's 
SCADA system showed that, after start
up, it was consistent ly at the minimum 
50% thresho ld, aga in meaning that the 
reactors were operating at dose rates 
above their validated requirements. 

This example of an upstream 
operational change at the WWTP 
highlig hts the potential for direct 
and potentia ll y beneficia l impacts to 
downstream recycling operations in 
terms of process efficiency, and serves 
as a useful reminder to operators of 
the di rect linkages between wastewater 
treatment and recycling , and the potential 

0.0556 

0.6502 

0 .0086 

0.491 

0.0012 

0.0724 

0.0024 

0.0012 

0.0002 

0.007 

0.056 

0.003 

0.143 

0.0047 

0.0624 

0.067 

0.046 

0.311 

0.737 

for realising synergistic benefits from 
WWTP process optimisations in terms 
of improved recycl ing process efficiency. 

For t he current dual reticulation and 
unrestricted municipal ir rigation end
uses of the Glenelg recycled water, the 
Guidelines require minimum pathogen 
LRVs of 6.5 log10 for viruses and 5.0 log10 
both for protozoa and bacteria . 

Under its original design configuration, 
the GARWS as a whole achieves 
pathogen LRVs of 7.5 log10 for virus, 
7.5 log10 for protozoa and 11.0 10g lO for 
bacteria, indicating that the recycling 
scheme is achieving a water quality 
some 10-fold higher than is required 
for the limiting pathogen (in this case 
viruses, which are also more infective 
than bacteria and carry a higher disease 
risk, re lative to protozoa as per the 
Guidelines). Given that the UV system 
was found to be under-performing in 
terms of its bench marked energy use 
re lative to Guide and Target va lues, and 
considering t hat it a lso holds a 1.0 log10 
surplus pathogen LRV credit for viruses, 
there is good potential for the UV system 
to be optimised for energy savings. 



Let us assume that the UV system 
was to be modified such that it achieved 
a lower dose rate than originally designed 
(i .e . 10mJ/cm2). In this case, it would 
achieve pathogen LRVs of zero log,o for 
viruses, 2.5 log ,o for protozoa and 3 log ,o 
for bacteria, crediting the overall GARWS 
with LRVs of 6.5 log,o for viruses, 6.5 log,o 
for protozoa and 10 log,o for bacteria 
- meeting or exceeding the end-use 
requirements under the Guidelines. This 
reduction in UV dose could be achieved 
by changing the UV reactor configuration 
in each of the five duty trains (i .e . from 
5x2 reactor duty trains plus 1 x 2 reactor 
standby train, to 1 duty and 1 standby 
reactor per train; Figure 1) which would 
not only conserve electricity (~55 MWh/yJ, 
but would also help prolong asset life 
(lamps, ballast cards) and reduce other 
O&M costs linked to having surplus 
reactors in service. 

At the Christies Beach site, the C 
Plant UV system was designed to meet a 
minimum UV reduction equivalent dose 
of 40 mJ/cm2 (operating set-point 45 mJI 

cm2
) at 60% UVT through each channel, 

with a maximum flow set-point per 
channel of 360 Lis. Analysis of UV dose 
and flow data from SCADA indicated that 
the reactors were over-dosing due to the 
below design hydraulic loading rates they 
were receiving. 

By virtue of the nature of its recycled 
water end-uses, the majority of pathogen 
LRVs for the Christies Beach site comes 
from on-site preventative measures at 
point-of-use rather than engineered 
treatment barriers, as is the case for the 
dual reticulat ion Glenelg system (Table 
1). For example, pathogen LRVs for the 
Christies Beach recycled water include 
5.0 log ,o reductions for drip irrigation of 
raised crops and up to 2.0 log,o credits 
for restricting public access during and 
after irrigation . 

What this means for the Christies 
Beach UV system is that the combination 
of LRVs from on-site preventative 
measures plus a 1.5 log ,o virus 
inactivation credit for the MBR process 
provides sufficient pathogen reductions 
to comply with health regulations even 
with a 50% reduction in UV dose (i.e. 20 
mJ/ cm 2

) . At this dose, the UV system 
still achieves 3.5 log,o protozoa and 4.0 
log ,o bacterial inactivation as per SA 
Health requirements, with combined 
pathogen LRVs of 6.5 log ,o for viruses 
and ~ 1 0.0 log,o for protozoa and bacteria 
- more than satisfying the end-use 
health requirements. From an energy 

perspective, this effective 50% UV 
shutdown translates to an immediate 
50% reduction in electricity use (",1 
MWh/dayJ, as well as concomitant O&M 
and asset-related savings as detailed 
earlier for the Glenelg UV system . This 
optimisation was implemented in July 
2014 and to date has saved some 230 
MWh of electricity. 

Whether or not the above process 
changes are indeed desirable from a risk 
management perspective is a separate 
issue. For example, in some cases plant 
operators or recycling scheme managers 
may wish to retain spare log credits as 
'buffers' against potential process barrier 
upsets, so this should be factored into 
the broader decision-making process 
regard ing such optimisations for energy 
savings. Clearly, energy savings during 
water recycling must not be pursued at the 
expense of core public health protection 
requirements; however, such savings can 
be made where system-wide pathogen 
LRVs allow, in line with our approach. 

OPPORTUNITIES AND 
CHALLENGES WITH 
ENERGY- HEALTH 
BENCHMARKING IN RECYCLING 

By integrating energy- and health-
based performance aspects into the 
benchmarking and optimisation of water 
recycling systems, it is possible to identify 
areas where process improvements 
or changes can be made to conserve 
electricity without compromising the 
fundamental public health performance 
of the recycling scheme. Since process 
changes to existing recycling schemes 
require explicit regulatory health 
approvals from relevant state regulators, 
utility personnel can only begin to 
optimise the process performance 
and energy efficiency of their recycling 
operations by taking this integrated 
approach in conjunction with sub-metered 
energy data. The earlier example of the 
Glenelg UV system highlights the value 
of this approach and the real potential 
for tailoring of recycling scheme process 
configurations to deliver low-energy, 
least-cost, fit-for-purpose solutions. 

As well as being a means by which 
to optimise existing systems, the 
energy-health approach may ultimately 
offer a way of achieving low-energy, 
fit-for-purpose recycled water by design 
rather than by retrospective process 
optimisation (e .g . by having new 
benchmarks which integrate energy use 
and pathogen inactivation performance; 
kWh/ LRVpathogeJ Before this can happen, 
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however, our benchmarks must be 
further refined and the approach further 
developed to answer questions such 
as how should the energy use of non
pathogen LRV-accredited processes, 
such as pumping or building HVAC, be 
properly accounted for during energy
health benchmarking? 

Other challenges to address during 
the further development of this energy
health benchmarking approach include 
how to integrate or disentangle upstream 
wastewater treatment energy use by 
pathogen LRV-accredited processes 
such as activated sludge. This question 
becomes even more challenging 
when the lines of distinction between 
wastewater treatment and water 
recycling systems are blurred, as is 
the case for MBRs. Yet more challenges 
and questions relate to how we should 
properly account for avoided electricity 
use and 'electricity credits ' in cases 
where recycled water supply is offsetting 
a more energy-intensive marginal supply 
(e.g. where recycled water offsets a 
desalinated reticulated water supply). 

In this case, recycled water supply 
can carry a net negative electricity cost, 
or effective electricity credit, based on 
the difference between the flow-specific 
energy intensities of the two supplies 
(e.g. Park et a/. 2008). With this scenario 
becoming increasingly prevalent globally, 
utilities may need to take a more 
holistic view of energy benchmarking 
system boundaries to include the net 
energy implications of such marginal 
water supply offsets. These and other 
important questions will be addressed as 
part of a new three-year research project 
(RP2017: Energy Benchmarking for 
Efficient, Low-Carbon Water Recycling 
Operations) via the Low Carbon Living 
CRC, in which SA Water and Sydney 
Water are industry partners. Current 
opportunities exist through this project 
for PhD research, and interested parties 
should contact the Project Leader. 

CONCLUSIONS 
This paper has presented some 
results from a recent study that, for 
the first time, sought to apply energy 
benchmarking to optimise water 
recycling systems for electricity savings . 
Overall, the study reaffirms the value 
of energy benchmarking as a means 
by which to optimise the process 
performance of water treatment systems 
and conserve electrical energy. While the 
suggested process optimisations may not 
yet have been implemented, potential 
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energy savings identified from the UV 
system alone at the Glenelg RWTP were 
in the order of 9% of total RWTP energy 

(excluding distribution pumping energy). 
This work has provided some new 

indicative energy benchmarks for a range 
of recycling treatment processes and has 
made the first steps toward developing 
and road-testing a novel approach to 
energy benchmarking and optimisation 
of water recycling operations. 

Much like previous Australian 

benchmarking analyses for wastewater 
treatment systems, results from this 
study demonstrate the real potential 
for optimising treatment process 
performance for energy savings during 
water recycling operations; however, for 
this to be achieved, high quality sub
metered energy data is needed and this 
requires utility investment. While there 

is clearly good potential for substantial 
operational energy savings, the efficacy 

and treatment performance of recycling 
process barriers must be maintained 
in order to meet the relevant health

based performance targets of particular 
recycling schemes, and the noble pursuit 
of energy savings must not compromise 
public health protection. 

This project has identified several 

energy efficiency opportunities in 
the operation of water recycling 

processes, and in accordance with better 
understanding process pathogen log 
removals, has identified potential future 
changes to operating criteria that can 
save on electricity and maintenance 
costs and prolong asset life. The project 
has also served to further highlight the 
intrinsic energy value of 'non-engineered' 
on-site preventative measures for 

achieving the log reductions required 
to produce fit-for-purpose recycled 
water. Outcomes from this research are 
envisaged to influence future decision 
making in relation to plant design, 

operations and business development. 
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