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Reports on aging infrastructure come out every so often, 
a few of them each year, it seems, from different entities.

A report earlier this year from the Black & Veatch 
consulting fi rm is notable for its perspective. It doesn’t just 
report the (generally sorry) condition of the infrastructure. 

It explores the condition of water 
and wastewater systems and, more 
specifi cally, how utility leaders feel 
about it.

The Strategic Directions in the 
U.S. Water Utility Industry Report 
identifi es top challenges facing the 
wastewater and drinking water 
sectors, and it cites capital costs and 
funding as the industry leaders’ 
top concerns.

This statement from Cindy Wallis-
Lage, president of the Black & 
Veatch global water business, 
speaks volumes: “Utility leaders are 
continuously challenged to make 
the most of limited budgets — a sit-
uation truer today than just fi ve 
years ago. As a result, the vast ma-
jority of survey respondents doubt 

the suffi ciency of their future funding to manage and main-
tain their systems.”

 
FRIGHTENING THOUGHT

Think about what she said. The vast majority of people 
in leadership roles at wastewater and water utilities are not 
sure they can afford to run and keep up their systems of pip-
ing and treatment plants. If that doesn’t terrify people in the 
water business, it certainly should.

The consequences of letting our water-related systems go 
to seed are too dire even to imagine. If we assume, correctly, 
that clean water is life, then these facilities are more impor-
tant than any other public infrastructure. And yet it appears 
to the industry’s leadership that the public is unwilling to pay 
what it costs to sustain them.

Look, this isn’t a choice. If we’re going to drink clean 
water and protect our lakes and streams from pollution, then 
we have to take care of the infrastructure, and whatever that 
costs, we have to pay.

Effi ciency initiatives are fi ne — if we can get more done 
with the same or less money, that’s a plus. But cost savings 
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only go so far. Sooner or later we have to pony up, or face ser-
vice issues, permit violations, pipe breaks, sinkholes in the 
streets, sewage overflows and worse.

 
BETWEEN THE LINES

Let’s look at some of the basic findings listed in the Black 
& Veatch report.

For one, more than 75 percent of respondents said they 
had taken steps to cut energy usage. More than half said they 
were taking on asset management improvement programs. 
Fine — if tight budgets promote greater efficiency, that’s not 
a bad thing.

But then: “85 percent of respondents said average water 
consumers have little or no understanding of the gap be-
tween rates paid and the cost of providing water and waste-
water services.” This in itself is an unsettling thought. And 
furthermore, why is there a gap in the first place? Shouldn’t it 
be axiomatic that sewer and water rates cover the true costs 
of the services?

And then this: “Nearly half of utility leaders believe cus-
tomers will probably be willing to pay the higher rates needed 
to fund capital improvements.” Which on the flip side means 
more than half doubt it!

 
PAYING THE PIPER

It’s time for that doubt to go away. One thing I have 
learned from being in business and observing business is 
that being bashful about pricing is a form of slow suicide. If 
you run a business, you need to charge what your product or 
service is worth, including enough to earn a fair profit. If you 
can’t do that — if your customers literally won’t pay it — then 
you shouldn’t be in the business.

Things aren’t much different for a wastewater or water 
utility. Public servants of all stripes seem to labor under the 
assumption that their services have to be cheap. That isn’t 
true. The services have to be efficient — not the same thing 
as cheap. The price of the service has to reflect the true cost 
of providing it, and that includes enough for upkeep and 
future investment. There’s just no getting around it.

As a society, we’ve persuaded ourselves that we “can’t 
afford” the rising costs to support excellent services, whether 
that be schools, parks, transit or utilities. With allowance to 
people who genuinely are struggling in a time of recession, 
the reality is that most of us can well afford it — we simply 
prefer not to pay it. That isn’t a responsible attitude, and it 
needs to change.

In the words of John Chevrette, president of the Black & 
Veatch management consulting division, “Overcoming to-
day’s challenges requires a significant change in how utilities 
develop and implement strategic and capital plans.

“At the same time, consumers must better understand 
that water and wastewater services are not free or low-cost. 
Rather, these are services that must be paid for in an equita-
ble and responsible manner.” May it be so.

You can read the full Black & Veatch report at www.bv.
com/survey.   

Public servants of all stripes seem to labor under 

the assumption that their services have to be cheap. 

That isn’t true. The services have to be efficient — 

not the same thing as cheap.
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“They always met their permit limits and did a good job with what they had. 
But it’s like night and day. We’ve acquired the tools we need to do the job eas-
ier and more efficiently by deploying the latest in technology.”

Arnold calls the $10 million investment in the new plant not an upgrade 
or refurbishment but a “reinvention,” with the idea of reusing as much as pos-
sible to reduce costs and construction work. Rodriguez adds, “They’re doing 
a fantastic job running the plant. It’s beyond what anyone could have 
expected going into this. 

Arnold’s team includes chief operator Paul Lowe (wastewater and drink-
ing water), wastewater operators Wayne Kennedy (master electrician), Roja 
Hawkins and Barry Lambert, part-time operator Barry Morse, lab manager 
Louise Grant, and office manager Penny Lowe.

 
MAKING THE OLD NEW

Screening is now done with a Mahr Bar screen with a Vulcan wash press 
that automatically bags the waste material for incineration. Inclined screw 
conveyors (WSG & Solutions) automatically remove grit from an optimized 
grit tank that includes fiberglass baffles, new diffusers, and a pair of three-
lobe positive-displacement blowers (Aerzen) for aeration.

“What used to be a carbonation/stabilization tank serves as our new 
chlorine contact chamber,” says Arnold. Old equalization tanks became the 
new aeration tanks. The old primary clarifiers for the industrial wastewater 
system are the new secondary clarifiers, and the former upflow clarifiers 
became the new biosolids storage tanks. What used to be the pump building 
now houses the new treatment equipment. 

The old influent pumps are now stormwater pumps. When the forward-
flow pumps get overwhelmed with stormwater, the excess water flows over a 
channel wall and is pumped to one of the new storage tanks, made from 
reused parts of the old facility. Repurposing tanks around the plant saved 
millions in construction costs.

Two old aeration tanks and several secondary clarifiers were cleaned and 
stripped of all components and now provide 1.73 million gallons of stormwa-
ter storage capacity. After rain events, the contents of the storage tanks are 
reintroduced through the headworks for complete treatment.

While the old plant experienced two to four combined sewer overflows 

per year, there has been only one since the new plant went online. That was 
in June 2012, when 9 inches of rain fell in 40 hours on a weekend. “We had 
taken 3- or 4-inch rainfalls and weren’t sure what it would take to fill the 
tanks and cause an overflow event,” Rodriguez says. 

To fund the project, the utility issued a 40-year bond for $5.4 million and used 
grants for the rest — just over $1 million from a Maine Department of Eco-
nomic and Community Development block grant, and more than $3 million 
from a U.S. Department of Agriculture Rural Development block grant. All seven 
pump stations were also upgraded and hooked into the new SCADA system.

INNOVATIVE HEATING
The Paris Utility District Wastewater Treatment Plant is heated 

and cooled by an effluent thermal heat pump (Trane/Ingersoll Rand) 
that replaced an old oil-fired boiler. Geothermal heat pumps aren’t 
new, and effluent thermal heat pumps have been around for more 
than 10 years.

Still, according to Paul Rodriguez of Woodard & Curran, people 
are just beginning to appreciate the concept. “It’s gaining more accep-
tance with the high costs and extreme variability of fuel oil as com-
pared to the slow and relatively stable rise in electricity costs,” he says.

“It’s pretty easy to install. Heat pump technology has also 
advanced, and you’re able to produce heat very efficiently from fairly 
cold water. Our design was for down to 38-degree water. If you have 
near-freezing temperatures, say in a lagoon system, you would be on 
the borderline for a cost-effective effluent thermal system.”

The effluent at Paris is a fairly constant 47 degrees F, perhaps into 
the mid-60s in prolonged hot weather. “We use it like you would use 
a geothermal heat pump — heat in the winter and cool in the 
summer,” says utilities manager Steve Arnold. “Last year, we didn’t 
purchase any heating oil. We normally went through 8,000 to 10,000 
gallons at up to $4 a gallon.” Annual savings of $36,000 are huge for 
a plant with an annual operating budget of $850,000.

Effluent is drawn from the chlorine contact chamber into the  
heat exchangers through a 2-inch pipe. The primary heat exchanger 
provides heating and cooling for the 12,000-square-foot control 
building, maintaining 70 degrees F. A heat exchanger in the pump 
building provides some supplemental heat there; the equipment 
itself usually keeps that building warm in winter.

A propane heating backup only kicks in if there are several days 
of extreme cold. “The first winter, it ran overnight once, but only 
because we fouled one of the sections of the new effluent heat 
exchanger system,” says Arnold. “We were still learning how to use 
it. Last winter, the propane heat was never used.”

After passing through the heat exchanger, the effluent goes back 
to the contact chamber for another dose of chlorination. Arnold 
expects payback on the $100,000 effluent heat exchanger in three or 
four years.

“They were only using one-sixth of the original 

secondary system. Over two years, we looked at 

what they had and evaluated several options.”
PAUL RODRIGUEZ

Lab manager Louise Grant at work.

NEW TREATMENT PROCESS 
“Operators had to be trained by every vendor on every piece of equip-

ment,” says Arnold. “We set time aside and did training for three weeks 
straight — 45 minutes here, a couple of hours there. I would say everyone 
had more than 80 hours of training. And we’re still learning. We spent hours 
on the SCADA system, and we had to train on the new effl uent thermal heat-
ing system SCADA as well.” 

The biological treatment is done with a plug fl ow reactor with an anoxic 
selector zone. “Anoxic swing zones con trol nitrifi cation/denitrifi cation for 
alkalinity recovery and reduce the nitrate loading to the secondary clarifi -
ers,” says Rodriguez. “The system de-couples mixing and aer-
ation and includes state-of-the-art controls to minimize 
power consumption. Enhanced secondary treatment is done 
through chemical precipitation using metal salts, polymer 
and magnesium hydroxide.”

High-effi ciency equipment was used throughout, includ-
ing Allen-Bradley soft-start variable frequency drives (Rockwell Automation) 
and pumps from Watson-Marlow and Flygt.

After screening and primary treatment, wastewater fl ows to aeration 
basins and clarifi cation, then to ferric chloride treatment for phosphorus and 
chlorine disinfection (May through September) before discharge to the Lit-
tle Androscoggin River.

“We have a lot more equipment online,” notes Arnold. “We expect a 1 or 
2 percent decline in electricity use.” Even if the plant’s $85,000 electricity 
budget remains the same, the new equipment provides better reliability.

 
ALARM RESPONSE

The old plant had standard alarm systems for functions like fl ow measure-

ments and level indications, but it 
was all operated manually. Now it is 
all monitored and tracked by a Fac-
toryTalk View SCADA system from 
Rockwell Automation with Allen-
Bradley PLCs. All the data is avail-
able on laptop computers from 
remote locations. “From home, we 
can see exactly what’s going on at 
the plant,” says Arnold.

Before the rebuilding project, 
all alarms sounded at the sheriff’s 
department. A dispatcher then paged 
the on-call operator, who had to 
make a phone call to confi rm the alarm. “You had to drive to the plant and 
look at the alarm board,” says Arnold. “If it was at a pump station, you would 
then have to drive out there. Many times, by the time you got there, the 
alarm had cleared, but you still had to check it.” Then it was back to the plant 
to reset the alarm panel and call the sheriff’s department.

“Now alarms automatically call an on-call cellphone, and an automated 
voice tells you exactly what and where the alarm is,” says Arnold. “That in 

itself is worth its weight in gold.” There are fewer high-water alarms because 
the new system can handle stormwater surges automatically.

“In the past, we had to come down to the plant and make sure everything 
was all right,” says Arnold. Because of the automation and updated equip-
ment, the number of alarms has dropped to one-tenth the previous level.

It took some time, and a lot of study and planning, but the Paris Utility District 
expects long years of reliable performance from its new treatment plant.

Editor’s Note: Paul Rodriguez, the senior project engineer quoted in this 
story, is no longer with Woodard & Curran. His replacement on the Paris 
project is project engineer Rob Polys.  

Paris Utility District Wastewater Treatment Plant
PERMIT AND PERFORMANCE

 INFLUENT PERMIT EFFLUENT EFFLUENT
   (Old Plant) (New Plant)

BOD 145-489 mg/L 30-50 mg/L 15-22 mg/L 2-8 mg/L

TSS 162-419 mg/L 30-50 mg/L 11-22 mg/L 2-8 mg/L

Ammonia N/A 8-17 mg/L 0.2-2.0 mg/L 0.1-0.8 mg/L

pH 7.0-7.5 6.0-9.0 6.5-7.5 6.5-7.5

Aerzen USA
610/380-0244
www.aerzenusa.com
(See ad page 29)

Flygt - a xylem brand
704/409-9700
www.fl ygtus.com
(See ad page 3)

Headworks, Inc.
877/647-6667
www.headworksusa.com

Huber Technology, Inc. 
704/949-1010
www.huberforum.net/TPO
(See ad page 7)

Ingersoll Rand
704/655-4000
www.ingersollrandproducts.com

Rockwell Automation
414/382-2000
www.rockwellautomation.com

Vulcan Industries, Inc.
712/642-2755
www.vulcanindustries.com

Watson-Marlow Pumps Group
800/282-8823
www.wmpg.com

Woodard & Curran
800/426-4262
www.woodardcurran.com

WSG & Solutions
866/353-7084
www.wsgandsolutions.com

more info:

Operator Barry Lambert, chief operator 
Paul Lowe and operator Wayne Kennedy 
check the plant’s serpentine belt press 
conveyor (Huber Technology).

“We’ve acquired the tools we need to do the job easier 

and more effi ciently by deploying the latest in technology.”
STEVE ARNOLD
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Everyone in the water and wastewater industry knows and mea-
sures pH. Conductivity is a concept we all readily grasp. Dis-
solved oxygen and free chlorine are actual chemicals, so we 

understand them.
But oxidation reduction potential (ORP or redox) is another mat-

ter. For most, it’s a mystery, and that’s a shame because ORP can be 
used in more applications than any other measurement. Further-
more, the analyzers that measure it are inexpensive and simple. The 
more you know, the more you will want to use them.

 
WHAT ORP MEANS

ORP is mysterious to most because it doesn’t measure anything 
in particular. It is an aggregate measurement of all the chemicals in the 
water that either give up electrons (oxidize) or steal electrons (reduce). 
Chemistry is the study of what happens when molecules or atoms of 
one kind take electrons from molecules or atoms of another kind.

We say a chemical that is oxidized by another is a reducing agent, 
and a chemical that is reduced by another is an oxidizing agent (or 
oxidant). Sort out this nomenclature and you’re halfway to under-
standing ORP.

The other convention we use when describing ORP is that chemi-
cals that oxidize have positive ORP values while those that reduce have 
negative values. Knowing this, we can define what an ORP value is.

To do so, we must understand the most fundamental law of oxi-
dation-reduction reactions: It takes two to tango. You can’t have one 
chemical that oxidizes unless there is another that reduces and can 
take up the liberated electrons. For instance, iron in a vacuum will 
stay iron. But add oxygen and the iron gives up electrons to oxygen, 
and the two them combine to form iron oxide (rust).

The chemicals that disinfect or break down matter, such as oxy-
gen, ozone, chlorine, hypochlorite or potassium permanganate, are 
oxidants and grab electrons. But they can’t do anything unless they 
find a partner to give them electrons. In water treatment, that part-
ner is always organic matter: ammonia, bacteria, dead leaves and 
anything else that needs breaking down.

ORP is the sum of all the possible oxidation and reduction reac-
tions that can take place in the water. But they don’t take place until 

there is balance between oxidation and reduction. A hypochlorite 
solution has a positive ORP that stays positive until it comes across 
some organic matter.

Once we understand that oxidation-reduction reactions consti-
tute an exchange of electrons between the oxidizing chemicals and 
the reducing chemicals, we can see that they work just like batteries. 
Just as batteries are characterized by a voltage, so are oxidation-
reduction reactions. That’s why ORP is measured millivolts (mV).

 
HOW AN ORP SENSOR WORKS

Now we can look at how an ORP probe works. If we examine the 
glass electrode of an ORP sensor, we see a platinum band that wraps 
around the glass and connects to the interior of the probe. Platinum 
is a great catalyst: It speeds up reactions. (The catalytic converter in 
a car contains a strip of platinum that accelerates the conversion of 
toxic carbon monoxide to carbon dioxide.)

On the platinum surface, redox reactions can proceed rapidly, 
but we need a partner to balance the flow of electrons. Every giver 
needs a taker. That’s where the reference electrode comes in.

Decades ago, the reference electrode was a hydrogen electrode 
in which hydrogen gas broke down into positive hydrogen ions and 
electrons, or vice versa. That’s why ORP reactions are generally refer-
enced to the standard hydrogen electrode (SHE).

But carting hydrogen gas around is cumbersome, so we now use 
a silver wire in a potassium chloride (KCl) solution. Some of the silver 
dissolves in the KCl solution as positive silver ions. This is nothing 
more than an off-the-shelf pH electrode — that’s why ORP probes 
and pH probes have identical reference electrodes. They differ only 
in the process electrode.

When the process electrode (the one with the platinum band 
that sticks in the water) is in a solution that has a positive ORP (likes 
to oxidize), the silver wire in the reference electrode balances out the 
chemistry by dissolving silver atoms to form silver ions and electrons. 
The electrons flow to the process electrode to satisfy the oxidizing 
agent’s appetite for electrons, and we measure the voltage as a posi-
tive ORP value.

When the probe is in a reducing environment — say, a solution of 
hydrogen sulfide — the opposite happens. The positively charged 
silver ions in the KCl solution grab electrons from the process elec-
trode, turn back into neutral silver atoms, and plate onto the silver 
wire. Because the current flow is now reversed, we measure a nega-
tive voltage.

A word of caution: While platinum makes reactions speed up, 
some redox reactions are slow no matter what. Put an ORP sensor in 
calibration solution and it will give a reading in 30 seconds. Put it in 

TECH TALK

Unraveling the Mystery
HERE’S WHY IT’S IMPORTANT TO UNDERSTAND OXIDATION-REDUCTION POTENTIAL — 
AND WHY AN ORP METER CAN BE A POTENT ITEM IN AN OPERATOR’S TOOLKIT

By Mark Spencer

To make sure the processes are optimized, all we need 

to do is measure and control the ORP. That’s why the 

ORP sensor is one of the most powerful tools in the 

water quality instrumentation toolbox.

tap water and it takes up to 20 minutes. This is because the reactions 
involving iron compounds in the calibration solution are fast, but the 
reactions of residual chlorine and other minor constituents in tap 
water are slow.

 
WHY ORP MATTERS

The ORP probe is a “bottom line” instrument: It doesn’t care 
what’s in the water. It simply measures the redox potential of every-
thing in the water. Whether it’s ozone, chlorine, sodium metabisul-
fite or dissolved oxygen, it doesn’t care. We only care that whatever is 
in the water can do the job, whether breaking down contaminants, 
turning nitrates into nitrogen, or any other chemical reactions that 
occur in a treatment facility.

To make sure the processes are optimized, all we need to do is 
measure and control the ORP. That’s why the ORP sensor is one of 
the most powerful tools in the water quality instrumentation toolbox.

Let’s end by citing the most common uses of ORP analyzers. Oxi-
dation reactions are behind two of the most common reactions in 
wastewater processing.

In wastewater, one variety of bacteria includes little chemical fac-
tories that oxidize (nitrify) ammonia to nitrite. Another variety further 
oxidizes the nitrite to nitrate. Then, in a reversal of bacterial philan-
thropy, another set of bacteria that is deprived of oxygen reduce (deni-
trify) the nitrate to nitrogen gas, which floats off into the atmosphere.

The usual course of action is to measure dissolved oxygen (DO) 
— keeping it high enough during the nitrification stages and low during 
the anoxic (denitrification) stage. This is the role of the aerator, which 
ensures that the water has enough DO — about 4 to 8 ppm, or at least 
50 percent saturation. Normally a DO sensor does the job, but an ORP 
sensor can measure the actual aerobic chemistry and do it for less money.

In water treatment, disinfection in the form of chlorine or hypo-
chlorite works by breaking down bacterial cell walls. Regardless of 

the form of chlorine going into the water, it is hypochlorous acid — 
HOCl — that kills the bacteria. We are all familiar with chlorine ana-
lyzers used to dose the right amount of chlorine and keep the free 
chlorine concentration in the right range. An ORP analyzer gives us 
the bottom line, which is the oxidation potential that does the work 
of disinfection.

 
THE OTHER SIDE

So far, we’ve discussed oxidation reactions in a wastewater plant, 
but reduction reactions also play a role. Denitrification reduces 
nitrate to nitrogen gas — bacteria do this work in low-oxygen condi-
tions. The reducing environment is characterized by a negative ORP 
value. It is much easier to measure this value with an ORP analyzer 
than to measure very low oxygen with a dissolved oxygen analyzer.

The reduction of phosphate is similar to the reduction of ammo-
nia by bacteria. One set of microbes do their work in a very low oxy-
gen environment and another set do it an oxygen-rich one. ORP to 
the rescue.

I’m not suggesting that a water treatment plant throw out its chlo-
rine analyzer, or that a wastewater plant dispose of its DO analyzer. 
But I am suggesting that, for a modest investment, arming these facil-
ities with ORP analyzers can ensure that their chemical processes are 
doing exactly what they are supposed to.

If you would like to learn more about ORP measurements, you 
can download a more comprehensive paper at www.WaterAnalytics.
net/Resources.
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Everyone in the water and wastewater industry knows and mea-
sures pH. Conductivity is a concept we all readily grasp. Dis-
solved oxygen and free chlorine are actual chemicals, so we 

understand them.
But oxidation reduction potential (ORP or redox) is another mat-

ter. For most, it’s a mystery, and that’s a shame because ORP can be 
used in more applications than any other measurement. Further-
more, the analyzers that measure it are inexpensive and simple. The 
more you know, the more you will want to use them.

 
WHAT ORP MEANS

ORP is mysterious to most because it doesn’t measure anything 
in particular. It is an aggregate measurement of all the chemicals in the 
water that either give up electrons (oxidize) or steal electrons (reduce). 
Chemistry is the study of what happens when molecules or atoms of 
one kind take electrons from molecules or atoms of another kind.

We say a chemical that is oxidized by another is a reducing agent, 
and a chemical that is reduced by another is an oxidizing agent (or 
oxidant). Sort out this nomenclature and you’re halfway to under-
standing ORP.

The other convention we use when describing ORP is that chemi-
cals that oxidize have positive ORP values while those that reduce have 
negative values. Knowing this, we can define what an ORP value is.

To do so, we must understand the most fundamental law of oxi-
dation-reduction reactions: It takes two to tango. You can’t have one 
chemical that oxidizes unless there is another that reduces and can 
take up the liberated electrons. For instance, iron in a vacuum will 
stay iron. But add oxygen and the iron gives up electrons to oxygen, 
and the two them combine to form iron oxide (rust).

The chemicals that disinfect or break down matter, such as oxy-
gen, ozone, chlorine, hypochlorite or potassium permanganate, are 
oxidants and grab electrons. But they can’t do anything unless they 
find a partner to give them electrons. In water treatment, that part-
ner is always organic matter: ammonia, bacteria, dead leaves and 
anything else that needs breaking down.

ORP is the sum of all the possible oxidation and reduction reac-
tions that can take place in the water. But they don’t take place until 

there is balance between oxidation and reduction. A hypochlorite 
solution has a positive ORP that stays positive until it comes across 
some organic matter.

Once we understand that oxidation-reduction reactions consti-
tute an exchange of electrons between the oxidizing chemicals and 
the reducing chemicals, we can see that they work just like batteries. 
Just as batteries are characterized by a voltage, so are oxidation-
reduction reactions. That’s why ORP is measured millivolts (mV).

 
HOW AN ORP SENSOR WORKS

Now we can look at how an ORP probe works. If we examine the 
glass electrode of an ORP sensor, we see a platinum band that wraps 
around the glass and connects to the interior of the probe. Platinum 
is a great catalyst: It speeds up reactions. (The catalytic converter in 
a car contains a strip of platinum that accelerates the conversion of 
toxic carbon monoxide to carbon dioxide.)

On the platinum surface, redox reactions can proceed rapidly, 
but we need a partner to balance the flow of electrons. Every giver 
needs a taker. That’s where the reference electrode comes in.

Decades ago, the reference electrode was a hydrogen electrode 
in which hydrogen gas broke down into positive hydrogen ions and 
electrons, or vice versa. That’s why ORP reactions are generally refer-
enced to the standard hydrogen electrode (SHE).

But carting hydrogen gas around is cumbersome, so we now use 
a silver wire in a potassium chloride (KCl) solution. Some of the silver 
dissolves in the KCl solution as positive silver ions. This is nothing 
more than an off-the-shelf pH electrode — that’s why ORP probes 
and pH probes have identical reference electrodes. They differ only 
in the process electrode.

When the process electrode (the one with the platinum band 
that sticks in the water) is in a solution that has a positive ORP (likes 
to oxidize), the silver wire in the reference electrode balances out the 
chemistry by dissolving silver atoms to form silver ions and electrons. 
The electrons flow to the process electrode to satisfy the oxidizing 
agent’s appetite for electrons, and we measure the voltage as a posi-
tive ORP value.

When the probe is in a reducing environment — say, a solution of 
hydrogen sulfide — the opposite happens. The positively charged 
silver ions in the KCl solution grab electrons from the process elec-
trode, turn back into neutral silver atoms, and plate onto the silver 
wire. Because the current flow is now reversed, we measure a nega-
tive voltage.

A word of caution: While platinum makes reactions speed up, 
some redox reactions are slow no matter what. Put an ORP sensor in 
calibration solution and it will give a reading in 30 seconds. Put it in 

TECH TALK

Unraveling the Mystery
HERE’S WHY IT’S IMPORTANT TO UNDERSTAND OXIDATION-REDUCTION POTENTIAL — 
AND WHY AN ORP METER CAN BE A POTENT ITEM IN AN OPERATOR’S TOOLKIT

By Mark Spencer

To make sure the processes are optimized, all we need 

to do is measure and control the ORP. That’s why the 

ORP sensor is one of the most powerful tools in the 

water quality instrumentation toolbox.

tap water and it takes up to 20 minutes. This is because the reactions 
involving iron compounds in the calibration solution are fast, but the 
reactions of residual chlorine and other minor constituents in tap 
water are slow.

 
WHY ORP MATTERS

The ORP probe is a “bottom line” instrument: It doesn’t care 
what’s in the water. It simply measures the redox potential of every-
thing in the water. Whether it’s ozone, chlorine, sodium metabisul-
fite or dissolved oxygen, it doesn’t care. We only care that whatever is 
in the water can do the job, whether breaking down contaminants, 
turning nitrates into nitrogen, or any other chemical reactions that 
occur in a treatment facility.

To make sure the processes are optimized, all we need to do is 
measure and control the ORP. That’s why the ORP sensor is one of 
the most powerful tools in the water quality instrumentation toolbox.

Let’s end by citing the most common uses of ORP analyzers. Oxi-
dation reactions are behind two of the most common reactions in 
wastewater processing.

In wastewater, one variety of bacteria includes little chemical fac-
tories that oxidize (nitrify) ammonia to nitrite. Another variety further 
oxidizes the nitrite to nitrate. Then, in a reversal of bacterial philan-
thropy, another set of bacteria that is deprived of oxygen reduce (deni-
trify) the nitrate to nitrogen gas, which floats off into the atmosphere.

The usual course of action is to measure dissolved oxygen (DO) 
— keeping it high enough during the nitrification stages and low during 
the anoxic (denitrification) stage. This is the role of the aerator, which 
ensures that the water has enough DO — about 4 to 8 ppm, or at least 
50 percent saturation. Normally a DO sensor does the job, but an ORP 
sensor can measure the actual aerobic chemistry and do it for less money.

In water treatment, disinfection in the form of chlorine or hypo-
chlorite works by breaking down bacterial cell walls. Regardless of 

the form of chlorine going into the water, it is hypochlorous acid — 
HOCl — that kills the bacteria. We are all familiar with chlorine ana-
lyzers used to dose the right amount of chlorine and keep the free 
chlorine concentration in the right range. An ORP analyzer gives us 
the bottom line, which is the oxidation potential that does the work 
of disinfection.

 
THE OTHER SIDE

So far, we’ve discussed oxidation reactions in a wastewater plant, 
but reduction reactions also play a role. Denitrification reduces 
nitrate to nitrogen gas — bacteria do this work in low-oxygen condi-
tions. The reducing environment is characterized by a negative ORP 
value. It is much easier to measure this value with an ORP analyzer 
than to measure very low oxygen with a dissolved oxygen analyzer.

The reduction of phosphate is similar to the reduction of ammo-
nia by bacteria. One set of microbes do their work in a very low oxy-
gen environment and another set do it an oxygen-rich one. ORP to 
the rescue.

I’m not suggesting that a water treatment plant throw out its chlo-
rine analyzer, or that a wastewater plant dispose of its DO analyzer. 
But I am suggesting that, for a modest investment, arming these facil-
ities with ORP analyzers can ensure that their chemical processes are 
doing exactly what they are supposed to.

If you would like to learn more about ORP measurements, you 
can download a more comprehensive paper at www.WaterAnalytics.
net/Resources.

 
ABOUT THE AUTHOR

Mark Spencer is president of Water Analytics, a manufacturer 
of Aquametrix water analysis equipment based in Andover, Mass. 
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“When I got out of the Navy in the early 1980s, the nuclear industry was 
in a state of turmoil because of the Three Mile Island incident,” Askew recalls. 
“I needed a job and more or less followed my father’s footsteps into the DEP.”

He started as a mechanic, doing  repairs and installation on major equip-
ment like pumps and engine-generators. He earned his wastewater operator 
license, moved into an operator’s role, and worked up the chain to shift oper-
ator, shift supervisor, assistant plant superintendent, and ultimately plant 
superintendent at North River in 1996.

His varied education served him well. “A wastewater treatment plant has 
electrical systems, mechanical systems, HVAC systems, so everything I 
learned in school with respect to engineering, chemistry and biology applied 
to my new career,” Askew says. “My formal schooling and my nuclear work 
certainly transferred over.”

Along the way, Askew took courses in facilities management at New York 
University and Manhattan College, along with training specific to the waste-
water field. He also became certified in vibration analysis and as a value engi-
neering facilitator. “I’m always looking to do things better,” he says. “I’m kind 
of a mover and shaker. I don’t accept the status quo.”

ALL CHOREOGRAPHED
Askew’s team includes assistant superintendents Sammy Andalib (opera-

tions) and Charles Youhan (maintenance), along with operators, 
general mechanics, skilled tradespeople such as machinists and 
electricians, process engineers, logistics support, and administra-
tive staff.

The plant also operates three boats that haul biosolids from 
the mesophilic anaerobic digesters — some 70,000 to 100,000 
cubic feet per day — to centrifuge dewatering facilities at Ward’s 
Island on the other side of Manhattan.

“Everything is choreographed and everybody works in con-
cert with one another,” says Askew. “I’m sort of the conductor who keeps it 
all moving.” The plant’s average dry-weather flow of 125 mgd, down signifi-
cantly over the past decade, is mainly thanks to the city’s water conservation 
initiatives. Flow peaks can be high because the city operates a combined 
sewer system — maximum permitted wet-weather flow is 340 mgd.

Odor control is especially critical, and to that end, most plant process 
areas are enclosed. The headworks, for example, is inside a building, and the 
primary clarifiers are covered. “All of the air from within these spaces is 
drawn off and sent to odor control systems,” says Askew. “We move about 
750,000 cfm of air through odor control, in addition to moving 600,000 cfm 
for supply ventilation. Many of these spaces are occupied by operators, and 
we have to provide the necessary air changes per hour.”

The odor-control system first passes air through wet scrubbers contain-
ing a solution of sodium hypochlorite and sodium hydroxide to oxidize the 
sulfurous compounds. The air then passes through activated carbon filtra-
tion to remove remaining odorous compounds and scrubber off-gasing 
before being exhausted. “We’ve got 25 scrubber towers and close to 60 car-
bon vessels, each holding 20,000 pounds of carbon,” Askew says. “That’s a lot 
of odor control.”

 
COST-CONTROL CHALLENGE

Cost control is another challenge in a time of tightening budgets and fis-
cal constraints. “To increase efficiency, the DEP has embarked on an opera-
tional excellence program where we’re looking to optimize our processes,” 
says Askew. “Every year, new mandates come in that may tend to increase 
operations complexity and cost. On top of that, equipment gets older every 
year. Meanwhile, resources are becoming more and more scarce. That’s a 
challenge, but we are certainly up to it.”

For one thing, “We’re very regimented with our maintenance practices. 
We’re being creative with reliability-centered maintenance. It’s not the old 
planned maintenance where you do an open inspection at a fixed interval. 
We don’t go around greasing pumps that haven’t run in six months. We don’t 
waste time and resources over-maintaining equipment.”

The maintenance regimen includes vibration analysis to detect equip-
ment anomalies that could signal impending failure, and infrared thermogra-
phy to locate “hotspots” on equipment or in electrical connections, again to 
detect and head off trouble.

“We also do lube oil analysis,” Askew adds. “For example, instead of chang-
ing oil every three months on an engine, we’ll take an oil sample every month, 
and if we start seeing a trend, then we’ll change the oil. We don’t want to 
throw away good oil. That just wastes time and money.”

Askew also seeks efficiency by doing work in-house: “It’s not cost-effec-
tive in all instances, but we’ve been successful in picking and choosing which 
tasks to outsource and which tasks to insource, and we’ve developed a bal-
ance there.”

“If you become a leader rather than a pusher, things will 

get done, and they’ll be done better, because the people 

have more of a sense of pride, and quality goes up.”
STEVE ASKEW

The North River Wastewater Treatment Plant team includes, from left, plant 
superintendent Steve Askew, supervisor of machinists Bob Zaragoza, deputy 
of operations Sammy Andalib, and deputy of maintenance Charles Youhan.

The entire North 
River plant is located 
underground with 
the Riverbank State 
Park on top.
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LEADING THE TEAM
A major driver of effi ciency is 

an effective team, and here Askew 
strives to motivate by involving team 
members in decision making. “I’ll 
never ask someone to do some-
thing that I haven’t done myself or am not willing to do myself,” he says. “I try 
to foster a sense of ownership within the facility.

“I think it was General Dwight Eisenhower who put a string on the table 
in front of his generals and showed them that if he pushed the string, it didn’t 
go anywhere, but if he pulled the string, it followed him. If you become a 
leader rather than a pusher, things will get done, and they’ll be done better, 
because the people have more of a sense of pride, and quality goes up.

“In a municipal environment, it can be diffi cult to give positive motiva-
tors, so we try to instill trust in people. Any good management program will 
tell you that intangibles — a person’s sense of self-worth and being part of a 
team — really goes a long way in motivating people. I certainly stand by that.

“Before I come up with an initiative I’ll lay it out and get feedback from 
the team. When you do that, they can say, ‘Hey, this program was a success 
not because somebody else constructed it and I fi lled in the blanks, but 
because I was part of its development.’ That really helps out a lot.”

Askew also believes in immediate feedback: When he observes people 
doing things right, he tells them on the spot. The reverse also holds true. For 
the longer term, Askew lets team members know that a good career path is 
available to them.

“I try to encourage them to keep their career paths open,” he says. “Some 
people are very amenable to that, while others are content with where they 
are in the organization. If a person aspires to upward mobility, I’ll mentor 
that person. I’ve been quite successful in that.

“There are probably more plant superintendents and assistant superin-
tendents in the organization who have worked for me than any other chief 
operator, and I take great pride in that. It’s their own motivations and abili-
ties that got them there, but I like to think that under my tutelage I instilled 
that motivation in them.”

 
UPGRADES ON THE WAY

Keeping Askew motivated are continuing facility improvements and 
upgrades, one of the largest being a new combined heat and power system. 
North River’s anaerobic digesters produce about 1.6 million cubic feet of 
methane gas per day. At 650 Btu per cubic foot, that’s roughly a billion Btu 
of energy. 

The digester gas fuels 10 large reciprocating engines — fi ve 1,700 hp 
units that directly drive the main sewage pumps, and fi ve 1,000 hp units that 
drive the process air blowers. Heat is recovered from the engine jacket water, 
lube oil and exhaust for total thermal effi ciency approaching 85 percent.

Those dual-fuel engines (gas with diesel pilot ignition) are near the end 
of their lives and will be replaced by a combined heat and power system 
using spark-ignited gas engine-generators producing electricity to drive the 
pumps, blowers and other equipment. The project is in the design stage, and 
construction is scheduled to start late this year.

“It’s going to be a balancing act because we have to maintain full opera-
tional capability,” says Askew. “It affects the most critical parts of the facility. 
As we take equipment out of service and put new equipment in, the con-
struction and coordination will be quite complex.

“I’ve been involved in plant upgrades before — I probably have a billion 
dollars of construction under my belt — so I really look forward to it. Maybe 
that’s one of the reasons I’m sticking around.”

 
LEAVING A LEGACY

Indeed, Askew already has “stuck around” for more than a year beyond 
the time he could have retired: “It’s fun, and as long as I keep having fun, I’m 
going to stay.

“I work for a good organization. I’ve been lucky to work for some really 
good people who support me and trust me. I’ve also been fortunate to have 

good people work with me. The success of any supervisor is really contin-
gent on the quality of subordinates. I’ve been really lucky at both ends.”

As for his legacy, he says: “We can all look at ourselves at the end of our 
career and ask: Did I make a difference? It 
would be self-serving to say I did. That will 
be determined not by me but by my peers.”

For New Yorkers enjoying the city’s 
rejuvenated waterways, the impacts of Askew 
and his peers are not in question.   

GE Intelligent Platforms
800/433-2682
www.ge-ip.com

more info:

Members of the North River plant 
WEF Operations Challenge team, 
the Harlem Pumptrotters, are, from 
left, Bill Sedutto, Mike Leone, Joe 
Riccardi and Justin Manfredi.

RECOGNITION MATTERS
When North River Wastewater Treatment Plant superintendent 

Steve Askew invited his people to take part in the Water Environ-
ment Federation Operations Challenge, they were skeptical. “Their 
attitude was, ‘We’re never going to win,’ ” he says. Nonetheless, 
the plant formed two four-member teams, and one of them won an 
initial round of competition among New York City treatment plants. 
That team went on to win fi rst place in the New York Water Environ-
ment Association state contest and with it, the right to enter the 
national competition at WEFTEC in New Orleans last October.

The members of the team — called the Harlem Pumptrotters 
— are sewage treatment workers Mike Leone, Justin Manfredi, 
Joe Riccardi and Bill Sedutto. “We supported them all the way,” 
says Askew. “We gave them the opportunity to practice. When 
those guys came back from Buffalo and the state competition, you 
could feel the pride in the whole plant. We walked in on Monday 
morning after the competition and there was a big banner up. I 
had emailed pictures back to the facility, and they had posters up. 
Everyone joined in the sense of pride about going to New Orleans 
to compete.

“When employees are able to showcase their skills, that’s 
absolutely priceless. We can put them in a classroom and have the 
best trainer and the best training materials, but the proof is in the 
pudding when an employee can say, ‘Wow, I participated, and I 
was successful in my endeavor,’ ” Askew says.

The plant has also been well recognized for its day-to-day 
performance, having won numerous Silver and Gold Peak Perfor-
mance Awards from the National Association of Clean Water 
Agencies. “We’re really proud of those,” he says, “and they’re 
posted in the lobby for everyone to see.”
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1 hp reactors for nitrification. Dual stainless steel 
cables anchored to eyebolts screwed into the shore 
prevent the units from drifting.

“We experimented with the best position for the 
aerators,” says Knutti. “At one point, the primary cell 
short-circuited due to heavy rains. Moving the two 
middle aerators closer together solved the problem.”

The fusion pump mixer/aerator pulls 600 gpm 
into the 8-inch inlet pipe from any depth or direc-
tion. One enclosed propeller lifts the flow, and a sec-
ond propeller at the air/water interface creates a 
vacuum, drawing in oxygen at 1.5 lb/hp/hr. After mix-

ing, eight adjustable outlets disperse the oxygenated 
water to any depth or location in the lagoon. With 
floats, the pump measures 40 inches high, 80 inches 
long, and 48 inches wide.

“Our intake pipes are 7 feet deep so as not to dis-
turb the sludge blanket,” says Knutti. “We set the dis-
charge outlets to release toward the surface and 
outward, ensuring complete mixing from top to bot-
tom and side to side.”

The reactor, a 6-foot sphere, sits beneath the 
fusion pump. Inside the ball is 50 cubic feet of 
Kaldnes media, plastic wheels 3/8-inch in diameter 
and 1/4-inch wide. One cubic foot of media equals 
260 square feet of surface area; 65 percent of it is pro-
tected to prevent the biofilm from being scraped 
away when the media is agitated. 

The pump fills the ball with water and creates the 
air/water interface. As oxygenated water cascades 
down through the floating wheels, it replenishes 
oxygen, transfers nutrients, and cleans the media. 
The water is dispersed back to the lagoon through 

the adjustable outlets. The reactor with floats measures 144 inches 
long, 48 inches wide, and 96 inches high.

 
PIONEERING STUDY 

Knutti, Bradley and David Denman from the IDEM Operator 
Assistance Program monitored the system since it was activated in 
September 2011. “No one has done a study from lagoon system to 

A bioreactor in the secondary cell has a 
6-foot sphere beneath the fusion pump. 
Inside the ball is 50 cubic feet of media.  
With floats, the unit measures 144 inches 
long, 48 inches wide and 96 inches high.

“Lagoons are an extremely  

efficient, effective, inexpensive 

treatment process for small towns. 

I believe this technology can  

save them, as the capital and  

operating costs are one-tenth the 

cost of mechanical plants.”
RAMON KNUTTI

(continued on page 31)

Dense algae and high pH levels plagued the lagoon at the 
Wingate (Ind.) Wastewater Treatment Plant in summer. Since 
2007, nitrogen averaged 18.9 mg/L to 30 mg/L every January 

through March, exceeding the 7.2 mg/L winter discharge limit. 
“An engineer at the Indiana Department of Environmental Man-

agement (IDEM) recommended building a mechanical treatment 
plant, but our 260 residents can’t afford a $2 million facility,” says 
town superintendent and Class 1 operator Ramon Knutti. “Even cov-
ering the lagoon with a $750,000 blanket was out of the question.” 

Then Knutti met Jim Bradley from Bradley Environmental in 
Ladoga, Ind. Bradley was looking for an opportunity to test his fusion 
aerator and Bobber moving-bed biological reactor. He offered to pro-
vide the equipment for free if Knutti would participate in monitoring 
how it worked.

The IDEM approved the pilot project and waived enforcement. 
The Wingate plant is the only one in the world using the technology, 
which solved all the issues and operated as designed.

 GALLANT EFFORTS
Septic tanks service homes in Wingate; effluent flows by gravity 

through 4-inch sewers to two lift stations. The east station pumps to 
the center of town, then effluent gravity-feeds to the west station, 
which pumps it to the 35,000 gpd (design) wastewater treatment 
facility. Flows average 20,000 to 22,000 gpd.

The 14-foot-deep lagoon had two 5 hp surface aerators in the 
492,000-gallon primary cell, and one 3 hp unit in the secondary and 
tertiary cells, each 233,000 gallons. Weekly, Knutti added one pound 
of enzymes to the lift stations and a pound each to the treatment 
cells to accelerate the process.

“Once temperatures fell below 39 degrees F, the enzymes didn’t 
do anything, but I felt more comfortable adding them year-round to 
compensate for minimum sludge and low bacteria numbers,” Knutti 
says. When algae turned the water deep green, Knutti applied a con-
tact killer. “I used 10 gallons per cell at $95 per gallon and treated 
them twice a year,” he says. “The effect was minimal.” 

During summer, he also increased chlorine from 0.8 ppm to 1.8 
ppm to help kill algae in the contact tank. Then he added the chemi-
cal in winter to monitor its effect on ammonia. “I needed 300 ppm 
chlorine to remove 30 ppm ammonia, and that was too expensive,” 
he says. “It also was dangerous to my discharge stream.”

Searching for a better algae killer, Knutti found EarthTec algicide/
bactericide, a biologically active form of copper ion from Supreme 
Turf Products. “It costs $29 per gallon and worked better,” he says. 
“While it didn’t kill all the algae, I now could see down into the water. 
That hadn’t happened before.”

 
THE EQUIPMENT

While waiting for the aeration system to arrive, Knutti installed 
an electric meter at the lagoon to monitor usage. “Other than that, 
we used the same electrical hookups that were in place for the sur-
face aerators,” he says.

Knutti, Bradley and Bill Blythe, lead biologist for Bradley Envi-
ronmental, set six 1 hp fusion pumps three to a row and 15 feet apart 
in the first cell, and one in the third cell. The second cell received six 

HOW WE DO IT

Floats on either side support the fusion aerator/mixers.

Town superintendent and Class 1 operator Ramon Knutti 
inspects the fusion pump on one of six reactors.P
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Drop-In Deliverance
A NEW MIXER AND REACTOR SAVE ON ENERGY AND CHEMICALS 
AT A WASTEWATER TREATMENT LAGOON IN INDIANA

By Scottie Dayton
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the energy neutral goal. You start with energy efficiency and add energy pro-
duction to get to energy neutrality.

We’ve tried to enlist some utilities that already have lessons learned and 
have demonstrated progress toward becoming energy neutral. East Bay 
Municipal Utility District in California is one; the Gloversville-Johnstown 
Joint Wastewater Treatment Facility in New York is another.

: What do you see as the key outcomes of this research?
Stone: This research program includes three basic 

tasks. The first is to look at some common configurations 
of wastewater treatment plants on the liquid and solids 
sides, try to model their processes, and demonstrate 
what energy neutrality could look like in those settings.

The second is to identify case studies that show the 
challenges and the successes utilities have had. Many util-
ities today are truly progressive — in particular they have 
seized opportunities for co-digestion and biogas produc-
tion. We want to be able to document what they’ve done 
and how they did it.

Third is to develop a decision-making tool — a triple-bottom-line model 
focused on energy from a programmatic perspective, versus a project-by-
project approach.

Fillmore: Because this is part of a research program that encompasses 
several years, we hope to use that triple-bottom-line analysis to inform where 
we could make the most environmentally sustainable investment of research 
dollars in the future. The elements we’ve pre-selected include improving bio-
gas production, developing low-energy alternatives to the activated sludge 
process, and finding integrated ways to recover energy from either the solid 
or the liquid side of a facility.

: Based on what we know today, is it easier for larger plants than 
for smaller plants to achieve energy neutrality?

Fillmore: We feel that in the next 10 or 20 years, the greatest potential 
lies in plants with flows of 5 mgd and larger. Admittedly, that is a somewhat 
arbitrary cutoff.

Stone: Because of the cost of biosolids processes, from having enough 
solids to produce a significant volume of biogas, to cleaning up the biogas for 
combustion, the ability to make those investments would be severely limited 
at smaller facilities. We’ve seen some facilities around the 5 mgd mark having 
successes, particularly in the area of co-digestion and biogas utilization.

: In your experience, is the up-front investment required to make 
major energy improvements a substantial barrier to completing projects?

Fillmore: Our previous work has shown that one of the major barriers 
is financial. We found that different utilities would make very different deci-
sions even with the exact same set of concrete financial numbers. One rea-
son is that there are different kinds of financial analysis.

For energy efficiency projects, the one that’s commonly used — but is 
probably not the best one — is simple payback. And even within simple pay-
back we found wide diversity in what agencies would use as a threshold to go 
forward. Some would say projects had to pay back in two years; others didn’t 
care how long the payback took as long as it was within the term of the bonds 
that would finance the project.

We found that if they looked at the more sophisticated forms of eco-
nomic analysis, such as net present value and internal rate of return, they 
would be more inclined to go forward with projects. It is important to move 
these projects forward because the cash savings can be significant.

Stone: Utilities have many competing demands: dealing with the public, 
meeting regulations, being good stewards of funds, protecting the environ-
ment. Energy projects are often viewed as discretionary items as opposed to 
being part of the core mission. The tendency is to look at simple payback, 
which lacks the perspective of the full life-cycle benefit of the project. By 
using other approaches to evaluate energy projects, you can come up with a 
strong justification for proceeding.

: As a practical matter, how do you see clean-water agencies ben-
efiting directly from the products of this 18-month research program?

Stone: Besides synthesizing the core information and putting it into a 
final report, we’ll provide some outreach and information pieces about 
energy balance and the models that work in representative wastewater treat-
ment plant configurations. We envision being able to use social media for 
more dynamic delivery of the information in the case studies.

We would profile the various utilities not only in the report, but also in a 
video we could post on the WERF Web page or on Facebook. We could even 
tweet links to short videos that highlight the utilities and their progress 
toward energy neutrality.

Fillmore: WERF’s sister organization, the Water Environment Federa-
tion, provides manuals of practice and other guidance to professionals in the 
industry. They’re looking to develop a process utilities would go through in 
trying to reach a net zero energy goal. The information and the case studies 
that come out of this research will complement what WEF is doing. Often, 
people need to see something concrete in terms of what other utilities are 
doing. Just seeing something that’s a little more than conceptual really helps 
people move to the next level.   

“The elements we’ve pre-selected include improving biogas 
production, developing low-energy alternatives to the activated 
sludge process, and finding integrated ways to recover energy 

from either the solid or the liquid side of a facility.”
LAUREN FILLMORE

New Paradigms for Energy
A WERF RESEARCH PROJECT LOOKS BEYOND ENERGY EFFICIENCY, AIMING TO BEGIN  
IDENTIFYING PATHWAYS TO ENERGY SELF-SUFFICIENCY FOR CLEAN-WATER PLANTS

By Ted J. Rulseh

IN MY WORDS

Energy is a big item on clean-water plant agendas: More and more plant 
teams are striving to make their facilities energy neutral or even net 
energy producers.

Now the Water Environment Research Foundation (WERF) has launched 
an 18-month research project to explore energy balance, reduction, recovery 
and production in treatment plants, with the vision of helping facilities 
achieve net zero energy.

The project goes by the long-winded name of “Energy Balance and 
Reduction Opportunities: Case Studies of Energy-Neutral Wastewater Facili-
ties and Triple Bottom Line Research Planning Support.” Its aim is to help 
transfer knowledge and experience among utilities and provide guidance for 
achieving energy self-sufficiency.

WERF contracted for the project with Black & Veatch, in partnership with 
AECOM, the North East Biosolids and Residuals Association, Hemenway Inc. 
and American Water. Co-sponsored by the New York State Energy Research 
and Development Authority, the study will involve 23 utility partners from 
the United States and Australia.

The research team, under co-principal investigators Lori Stone, biosolids 
global practice and technology leader for Black & Veatch, and Paul Kohl, 
energy program manager at the Philadelphia Water Department, will identify 
ways for utilities to reduce demand, increase energy efficiency, recover 
energy, and produce energy on site.

Stone and Lauren Fillmore, WERF senior program director, talked about 
the project in an interview with Treatment Plant Operator.

: Why is WERF undertaking this research project?
Fillmore: Starting about five years ago, we began looking at the issue of 

optimizing wastewater systems, and energy efficiency was one way to do 
that. At the time we had some very modest goals: We wanted to achieve a 20 
percent reduction in costs or improvement in energy demand.

After five years of research, we really started to embrace the idea that there 
is a lot of energy in wastewater in a number of forms. The goal we’ve set now 
is to look at what research needs to be done to help our subscribers, mostly 
from the wastewater sector, to become energy producers or at least meet the 
net zero energy goal. This is a goal that the industry is starting to embrace.

: What actual forms of energy do we find in wastewater?
Fillmore: First of all, wastewater comes into the treatment plant at a 

warmer temperature than the ambient water would, because of the heat that 
goes into the water from activities like washing and showering. That heat can 
be extracted by various technologies. This is not lab-scale or pilot-scale 
research — it has been implemented.

Second, there is the energy of flowing or falling water. San Diego has 
been using this for years because their discharge is on a bluff. They have a 

drop of 90 feet, and they use turbines to capture 
that energy. There is also newer hydro power equip-
ment that will take energy from low-head applica-
tions, or just flowing water.

The biggest energy component is chemical. A 
variety of microbial and biochemical processes 
have potential to produce energy or heat from 
wastewater, and a lot of work is being done toward 
improving production of biogas and other 
combustibles.

Another phase of work is developing processes 
that can operate with less energy input. The activated sludge process 
demands significant energy, primarily for oxygen transfer. As we look at 
innovative microbial processes and new ways to manage carbon and nitro-
gen in wastewater, we may find significant opportunities for efficiency.

: How does this effort differ from historic energy initiatives?
Stone: Much of the focus in the past has been on energy efficiency — 

how to conserve energy based on the way the plant was operating. Now we 
need to start looking at demand reduction and then at the other side of the 
equation, which is how to produce power from biosolids or biogas to reach 

“Much of the focus in the past has been on energy efficiency —  
how to conserve energy based on the way the plant was operating. 
Now we need to start looking at demand reduction and then at the 
other side of the equation, which is how to produce power from  

biosolids or biogas to reach the energy neutral goal.”
 LORI STONE

Lori Stone, biosolids global  
practice and technology 
leader for Black & Veatch

Lauren Fillmore, WERF 
senior program director


































