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l. Executive Summary

In 2012 and 2013, thelSGeneral Services Administratig@SARand Oak Ridge National Laboratory coakd

an evaluation of a novalonchemicawater treatment(NCWT)yystem at the Frank E. MoBESCourthouse in

Salt Lake City, Utah. This system purports to use a proprietaryfmgt® OI G f&ead G2 OKIy3Ss
such that hard calcite does hform on surfaces that are in contact with the water.

The catalysbased NCW$ystemwas installed on an electric domestic water heater in toeirthouse' This
water heatr had been experiencing severe calcite buildup on the heating elements. The dalddup
impeded heat transfer from the heating elements into the domestic watsading to the thermostat being set
excessively high in an attempt to maintain the water temperatufighis caused excess heat to build up on the
elements, resulting in thie premature failure which required frequent replacement. The buildup also required
the elements to stay energized constantly to produce enough heat totaiaitemperature in the domestic hot
water system.

After installing the catalydbased NCWT systemalcite buildup was draatically reduced and failure of the
elements ceased.abor and material savings from notuirag to replace the elements (£60/year) allow for

less thana two-year simple payback when compared to the installed cost of the sysk&692)plus minimal

annual maintenance ($100/yeaffhe catalysbased NCWT system should be considered for deployment in any
heating system that is subject to calcification, including hydronic heating systems and boilers, condensing
boilers, gas water haers, and electric water heaters.

Had the catalysbased NCWT technology not been instaltad the water heater a conventional salbased
calcite prevention systerwould have provided the samgrevention of calcite buildup The budget installed
cost ofsuch a system would have be#8,200 plus $350/year in chemicals and0/year labor to service the
chemicals. Comparirtpe conventional to the catalydtased system, the latter has both a lower installed cost
andannual operating cost.

Theoriginaltda & LX 'y ¢l & G2 Ayaidltt GKS GSOKy2ft23& 2y 020K
cooling tower, which had faced calcite issues in its histdms fbwer has had a calcite buildup problem that is
currently being addressed with a shiasedd NS G YSy G aeadaSvyo ¢tKS LINB2SOiliQa
a system and testing it on the towduring the initial phase of this project in 2012 and 2013.

A preliminary economic analysis was performed to estimate the installed cost and potential savings on the
coolingtower.L¥ AyadlftftSR 2y h&isstalledodssd the catdlybthisadysybtent BoalGer (i
more expensive than the sdiiasedsystem $32,380 vs $2,700 for the sakbased). However, the sdiased
system requires $900/year in chemicals and $3,900/year in labor, neither of which is needed by the-catalyst
based system.This would give aimple payback of less than seveears usg the technology on a cooling
tower.

Background
Nearly all GSA facilities have water systems that could potentially require treatment in some capacity. There
are two issues that commonly present themselves in water systems. First is the buildugitf oal
surfaces where heat is transferred into the water, or where water evaporates into air. Examples of the
former include heating elments in domestic water heaters beating surfaces in hydnic heatingsystems

! A catalystbased NCWT device was also installed on the natural gas water heater. However, the focus of this study was
0KS RSOAOSQA AYLI OG 2y GKStioBitsBeQiNRO g+ SN KSFGSNI YR Ada
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and boilers. Examples of the lattenclude cooling towers, evaporative cooling HVAC systems, or
showerheadsind faucets in bathrooms.

There are many technologies which mitigate the buildup of calcite in theaditions Nearly all othese
systemsuse some sort of chemical additive thaiepents the calcite molecule from bonding to the surface.
While effective at reducing calcite, these systems require regular maintenance and addition of chemicals to
maintain their ability to prevent calcite buildup.

Other systems that are effectivinclude punping the water through an ultftne membrane that captures
calcite particles and prevents them from platinfhese systems are comnigknown aséreverse 0sSmos&s

(RO) systems. While there are no chemicals associated with RO systems, they caunisstianatial amounts
of energy in their pumping process.

Because of the challenges associated with both the cherasgd water treatment systems and the RO
systems, GSA and other owners of large numbers of buildings have been very aggressive at pursuing
alternative water treatment systems. Because of this demand, many vendors have developed alternative
systems, with varying degrees of effectivene$tie goal of GSA in conducting these Green Proving Ground
evaluations is to determine, in a field environmawvith third-party subject matter experts, the effectiveness

of these systems.

The second issue presented by water systems, especially those that serve a cooling tower, is the growth of
moss and otherbiologicals. While there are many systems which purgo address the growth of
biologicals, they are separate from those which address calcificatitre evaluation conducted on this
technology looked only at calcite buildup in a domestic water heating system. There was no attempt to
evaluate its effecon the buildup of biologicals, especially since the technology was not tested on a cooling
tower where biologicals are a major issue. Though the vendor claims that the technology allows for a
reduction in the quantity of anbiological chemicals in cooli towers, this claim was not tested in the
domestic water heatingpplication Therefore, there will be no further discussions of biological mitigation in

this report.

Overview ofthe Technology
The technology being evaluated in this project does not eueimicals to the water systemopr does it use
ultrafine membranes to filter calcite molecules from the water. Instead, it uses a proprietary catalyst to
reduce calcite formation.

hy | @SNE &aAYLXAFASR fS@Sts GKS RSOHAOSQaE SEGSNAZN
is inserted directly into the pipthat carries the water to be treated. Water flows through the pipe and over

the catalytic insert, which eses the calcium and carbon in the water to form aragonite rather than calcite.
Aragonite is chemically very similar to calcite, but it stays suspended in the water and flushes through to the
drain rather than plating on heat transfer surfaces like calciragonite is an inert substance and requires

no special treatment systems as it passes through the system.

Figure EQ showsphotograpra 2 F (1 KS RS @ATOSIRNaye o Yettdhonw&wial thetexterior
looks like. The image b the rightshows the helical insert made out of the catalytic alloy. (Photo images
GSNBE O2LIASR FNRBY (KS YIydzZFlI OGdzZNBENRa ¢6So0aiidSoo
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FigureES1. Novel Nonchemical Water Treatment SysteniNo external energy sources
are required to operate this devicePeriodic mantenance issueshat must be addressedre
also minimal Once installed, the system operates astand-alonedevice. The vendoreports
that the systemhas a service life of X20 years.

StudyDesign andObjectives
This study looked directly at calcite that was forming on the heating elements of the electric domestic water
heater at thecourthouseb aSlFadaNBYSyita oSNB (F1Sy RdzZNARYy3a |+ dao
was being done on the waterAfter a threemonth period with no water treatmentthe catalystbased
NCWTsystemwas installedand the test was repeated to see¢hetherthere was a change in the amount of
calcite being built up on the elements. The effectiveness of the device would be evaluateikiog lat any
change in the calcite buildupable EQ shows performance objectives

TableES1. Performance Objectives

Measurement and

Quantitative Metrics and Data o e BestCase
o : Success Criteria Verification .
Objectives Requirements DeploymentScenario
Results

Reducel calcite Visual observation of If successful, the Elements did, in A facility that is

buildup on heating elements as they are elements operated fact, show greatly experiencing problems

elements removed from the tank with the reduced calcite due to calcite buildup
and compared to technology inplace buildup when the  on hydronic heating
elements that were will have little or  technology was elements would benefit
operated without the  no calcite buildup deployed. from this technology.

technology in place.  on them.
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Table ESQ (continued)

Measurement and

Quantitative Metrics and Data . L BestCase
. : Success Criteria Verification .
Objectives Requirements Deployment Scenario
Results

Reducel costs Installation and If successful, the The life cycle cost
operating costs life cycle cost of  did, in fact, prove
associate with the the technology will lower than both
technology will be be lower than alternatives.
evaluatedand current practice or

compared to both the the incumbent
aAiGSqQa OdzN technology.
of replacing elements

periodically, and the

incumbent technology

of a saltbased water

treatment system.

Qualitative Objectives

Ease ofnstallation Feedback from No major problems Feedback was
maintenance personne reported during positive from
during installation. installation. personnel.

Ease ofise Maintenance logs No problems Customer has
during operation. reported during reported positive

use. experiences with

the technology.

To support this test, instrumentaton wasy & G I t f SR ¢ KA OK YSIFadz2NBR g (SNJ
tank, electric current to the heating elements, and flow rates of water inside the hot water system.

Project Results/Findings
The catalystbased NCWTystem showed itself to be effective at dratically reducing calcitbuildup in the
system. Buildup on the elements was significantly less when the system was instaitesho heating
elements failed with the technology installed.

The evaluation team had the opportunity to visit the site 18 nimnafter the technology was installed.
There continued to be very little buildup of calcite on the elements. There was some minor collection of
calcite in the bottom of the water tank, but nothing that impeded the flow of heat energy into the water.

Tabks E® and ESS compare the economics of the NCWT system and a conventiondlasatl water
treatment system.

CatalystBased Nonchemical Water Treatment System Paged



TableES2. Retrofit Economic Assessment

Cost Elements

to
Compare

Equipment Cost

Installation®
Maintenance Labor
Maintenance Material
Simple Payback

Savinggo-Investment
Ratio

SaltBased Water
Treatment System

EEENIE

$0

$0
$1,500/yr
$350/yr
N/A

N/A

TestBed Installation
CatalystBased Water

TreatmentSystem
$1,192
$500
$100/yr
$0/yr
<1 year

1.0°

TableES3. End of LifeEconomic Assessment

Cost Elements

to
Compare

Equipment Cost
Installation

Maintenance Labor
MaintenanceMaterial

Simple Payback

Savinggo-Investment
Ratio

Baseline

SaltBased Water
Treatment System

$2,600
$600
$1,500/yr
$350/yr
N/A

N/A

TestBed Installation
CatalystBased Water
TreatmentSystem

$1,192
$500
$100/yr
$0/yr
Immediate

N/A®

*Baseline equipment cost is based on the premise that there is an existidgpsalt water treatment system at the site

YR GKSNBT2NEB

dKSNBE Aa

y2 y$s

G Sljdza LIYSy i

O02alw¢

®The same premise holds as with the baseline equipment cost. Ther#iere,is no installation cost in this scenario.

* Savingdo-investment ratio (SIR) is based upon one year of saving compared to the cost of a new installation.

®The installed cost of the catalystl & S R

G§SOKy2t238

less than zero and an SIR cannot be calculated.

Aa tSaa Kby

iKS

ol 4SSt AYS
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[l. Introduction
A. Problem Statement

The USGeneral Services Administration (GSA) is a leader among federal agencies in aggressively pursuing
energy efficiencypportunities for its facilities and installing renewable energy systems to provide heating,
cooling, and power to thse facilitiesTheGSA Public Buildie&ervice has jurisdiction, custadynd control

over more than 9,600 assets and is responsiblem@naging an inventory of diverdederal buildings

totaling more than 354 milliofit* of building stock. This includedout 400 buildings listedhior eligible for

listing inthe National Register of Historic Places and more than 800 buildings thater&@years old GSA

has an abiding interest in examining the technical performance andeffesitiveness of different energy
efficient technologies irits existing building portfolio as well as in those buildings currently proposed for
construction.

Many GSA buildings includeoilers, chillers, cooling towers, domestic water heaters, and other systems
impacted bythe condition of water at the site. If the water is used in a cooling tower, or other equipment
where it comes in contact with ambient afyngus and moss can grow in the water. If allowed to grow
unchecked, these gwths (knownt & oA 2f 23A0Ff &aé¢ Ay (GKS AYyRdAGNRBO
GKS (426SNE |yR INBFrifte RSIANFIRS (KS O0O22fidsyhatmikd ¢ SN
systems which purport to remove biologicals from these water systeMany of these systems involve
FRRAY3I OKSYAOIta (2 GKS G26SNDa sl GSN aeadisSyo

Anotherissue tha©l y A Y LI OG0 I T QigH lévelstotralcium indh€ INdedjeddugdply. (TBe A &
calcium combines with other chemicals in the water to form calcite, a hard substance which coats heat
transfer surfaces of equipment. This coating can greatly reduce the efficiency of equipment and
dramatically increase energ@nd wate usage. If left untreated, the calcium coating can jiede heat flow

to the point where boiler tubes and heating elements get too hot and fail. This leads to further costs to
replace equipment and account for lost productivity duddied equipment

Such being the case, there is an abundanceoofimercial systems that purport to reduce calcium buildup
within commercial water systems. Most of the early water treatment systems relied upon adding chemicals
G2 GKS o0dzAt RAYy3IQa ¢ |sinBudlreac dith Saxidm in sbrikeSasi8on © Krévert e
buildup of calcite.

It should be notedhat while these chemicabased water treatment systems were generadfifective at
preventing calciteébuildup, they presentseveralunique challenges. Firghe building owner has the added
ongoing expense of purchasing chemicals to add to the water. Second, the added chemicals frequentl
caused issues with theastewaterdisposal. Third,there areincreased maintenance time and expense for
upkeep and delpyment of chemicals by staff.

With this being the case with chemidadsed water treatment systemsdentifying appropriatealternative
water treatments systembas been a high priority for federal agencasd commercial entitiesBased on
the sheer sie of thefederalbuilding portfolio, thereis a huge opportunity for potentiatavings in chemical
costs, energy costs, and waste treatment expenses.

B. Opportunity

The current field ohonchemicalwater treatment (NCWT) technologies can be subdivided into rtwain
categories.

CatalystBased Nonchemical Water Treatment System Page6



The first category uses electromagnetic energy in some form to altes¢héng behavior of thealcium
carbonateand other chemicals that are native in the water system. aBgring the scaling behavigrthe

NBII OGA2ya GKIFG LINRPRdAzZOS OIFfOAGS LA FGAY3I 2y adNFI OF
adlea Ay az2fdziAzy | yR R2 Datr@dompodind is Faluc&NIThé soion I R
theme in d these systems is that electricity is required to produce #hectromagnetic energy that is
introduced into the watertherefore increasing energy consumption

The second category of NCWe&chnologiesuses extremely fine filter elements to tragalciumand other
AYLIzZNR 6ASa a2 GKIFIG GkKSe OFryQiG LX PGS 2yid2 &adaNFI OS
g GSNI GNBI GYSyd aeé gddWes I dad2dvYd2 ya wohE F{YeLaf i8S v2aF (I KA &
tend to produce extremely pure watdéhat does nothave the chemicals which create the calcite buildup.
However, these types of systemsquire substantial auxiliary pumping systems to push water through the
extremely fine filter elements. The auxiliary pumps can consume a significantnambelectrical energy.

Also,the building manager must account for the periodic cost of replacing the filter elements, which can be
expensivewh &&&aid8yvya |faz2z 288 |LIWINRPEAYI GSt& cp: 2F o1
is flusheddown the drain as a result.RO systems can produce extremely pure water, but & isery
expensive way to treat water for hardness alone.

The catalysbasedNCWTsystemdescribedn this reportdoes not fall into either one of these categoriek
does not regire any extenal source of electrical power. It also does mge any sort of ultrafine filter
elementwith the associatedheed to be periodicallyeplaced and without the loss of flushed water from the
RO membrane.

On a very simplified level, tHe S @A OSQa SEGSNRA2NI t 2214 tA1S | &aSO0GAz2
is inserted directly into the pipe which carsithe water which is to be treated. Water flows through the

pipe and over tkb catalytic insert, which causes the calcium aadbon in the water to form aragonite

rather than calcite. Aragonite is chemically very similar to calcliet it stays suspended in the water and

flushes through to the drain, rather than plating on heat transfer surfaces like cakitegonite is annert
substance and requires no special treatment systems as it passes through the system.

No external energy sources are required to operate this device. There arematsmal periodic
maintenance issues which must be addressed. Once installed, tieensgperates as a staralone device.

A more detailed description of this technology and its operation is in the following section.

lll. Methodology
A. Technology Description
t KEAAOFEEET FTNRY (GKS 2dziaARS (KAAa RS®@eO She de¥ige] a
installed at the Salt Lake City facility was about two feet long and one inch in diameter, with male NPT

threads on both ends(Sizes of the unit vary widely based upon the flow rate of water to be treaf€de
device is designed to bastalled directly into pipe which is carrying water that needs to be treated.

Inside thepipe is afixed, immobilehelical insertthat is made from a proprietary catalytic alloy. As water
passes through the pipe, the helical shape causes significabulamce, which in turn allows water
molecules and their associated chemicals to brush against the catalytic insert. According to the
manufacturer,as water enters the pipe it impacts with the turbulator on the front end of the alloy. This
turbulation cawses calcium carbonate to form from the calcium and carbon in the source water. As this
calcium carbonate forms and comes in direct contact with the alloy, the properties of the alloy cause it to

CatalystBased Nonchemical Water Treatment System Page7



form in its Aragonite state, whials a state of calcium caonate which lacks thpropertiesto adhere to any
surfaces. As the water leaves the pipe it is saturated with Aragonite crystals of calcium carbonate, thereby
eliminating the possibility of scaling in the system after treatment.

Figure 1 shows photograph 2 F (G KS RS@AO0SQa O2YLRySyldao ¢tKS AY
looks like. The |mage on the rlgskthowsthe helical insert made out of the catalytic aIon (Photo images
GSNBE O2LIASR FNRBY (GKS YIydzFlI OGdzZNBNRa ¢SoairidSoo

Figurel. Novel Nonchemical Water Treatment SystenNo external energy sources
are required to operate this device. Periodic maintenance issues that must be addressed are
also minimal. Once installed, the system operates as a statahe device. The vendor reports
that the systemhas a service life of 20 years.

No electrical energy is required by this technology. No chemicals are required to be added periodically. The
manufacturer claims a 15+ year life span for the device. During this life span, the arigyasssciated
specificallywith the device is its initial purchase and installatigrius a small bannual cost to clean a
storage tank if it is not already equipped with a continuous dr&irbuilding owner may elect to periodically

test their water quéity, which is good management practice. However, this is a cost that would be
associated with any water treatment system and is not specific to this technology.

Catalystbased NCWT is a proprietary technolog@nly one manufacturer currently produces®i The
technology was developed in the United Kingdom and has been commercially avail&umpe and Asia

since 1973. The technology was brought to the Unf¢ates in2010and is gainin@icceptance in various
applications including food production, household usespling towers,and hydronic heating systems.

2 AG0KAY (GKS O2yGSEG 2F GKS 5SLINIYSyd 27 QVSNBéQé
would be considered one stepS& 2y R ¢w[ pd b2d 2yfeé Aa Al a{eaiasSy
Deploymeng’ it is actually deployed on a commercial basis.

The claimed benefits of the catalysased NCWiechnologyare as follows

® Fluid Dynamics USA, LLC, 1855 Lockeway Drive, Suite 506, Alpharetta, G3930004
" See DOE Advanced Manufacturing Office Home

CatalystBased Nonchemical Water Treatment System Page8


http://www1.eere.energy.gov/manufacturing/financial/trls.html

9 It reduces or eliminates the buildup of cakibn heat transfer surfaces such as boiler tubes,
domestic water heater heating elements, cooling towers, and chiller tubes.

9 It requires no maintenance after it is installed. There is no filter element or similar component
which needs periodic replacement

1 No external energy is needed to operate the device. No electricity is consumed during its operation.

9 There are no chemical additions which need to be periodically added like with-hasstl water
treatment system.

Currently, the GSA extensively useatev treatment systems, both chemical based and those that are
nonchemical based, to combat scale buildup in their building water systems.

Thecatalytictechnologystudied heredelivers energy savings in two ways. First, like with all effective water
treatment systems, it reduces calcite scale buildup on heat transfer surfaces. Calcite acts as an insulating
surface that prevents heat from moving in ways that it is supposed to move. For example, calcite on the
heating element of an electric domestic veatheater wouldimpede heat energy from transferring to the
water. This causes extra electrical energy to be needed by the element to raise the water temperature to
the same desired setpoint. It also will cause heat energy to concentrate on the elentéci, will raise its
temperature and eventually lea premature elementfailure.

The second way that the catalysased NCWiechnologysaves energys by not requiring angnergyto

operate. All other NCW3ystens use some form of electrical energydo what they do; either to operate

GKS aeaidtsSyQa O2yidaNRfta 2N 62 LINRPRdzOS (KS $ds&Oi NP Y
system requires no external energy source.

The catalysbased NCWEystemreduces water consumption relative to charakbased water treatment
systems. Becausethe catahst 8 SR a@adSY | RRa y2 OKSYAOlIfa G2 GK
F2NJ SEGONF d T f-doedvatgt éhe dain. OKS YA O f

In preparing for this field evaluatiofak Ridge National Latadory (ORN) researchersead several case
studies that wee provided by the manufactureAf Ay { (2 GKS YI ydzFl Ol dzZNB N a
AppendixA. All case studiesndicate the ability for the technology to reduce scale buildup in applications
that were similar to the situation being faced in GSA facilitidewever, they were read in the context of
having been provided by the manufacturer.

There were no other federal installatiomsth this technology with whon©®RNlLcould collaborate.

Thereg SNE y 2 0 & NE@&bhBedwien looking at this technology. There is special energy
source that needistalledfor the system to work. Also, because there are no added chemicals related with
this technology, there are no special waste petimg issues present.

The technology is certified by the NatiorgnitationFoundation (NSF), which further reduces perceived
barriers when it is installed on a potable water system.

There is almost no risk associated with installation of this technoldgyan absolute worstase scenario
where the technology totally fails to mitigate the buildup of calcite in a system, the building owner simply
has to switch to an existing and proven method of treatingé | § SNJ a@ad SY® ¢ KS aLINR
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hawe the claimed benefits purported by the catalsised NCW3ystem but that is a small issue in that the
GLINP PGSy ¢ aeaiusSy gAtf | Odsedlsyisterdtotai@féll aK2dzZ R GKS OI @

B. Technical Objectiveand Demonstration Project Locations

The seark for several possible sitefocused on GSA facilities Colorado and Utah These areas have a

history of high calcium content in their groundwater supplies that presehallenges to facility operations.

After looking at a number of facilities in Daary Ogden, and Salt Lake Citlye project team settled on the

Frank E. MosgSCourthouse in Salt Lake City, Utah its site for evaluation. This faciftyg ¢ I G S NJ & dzLJL
a high calcium content which impadts various water systemsSpecificallythere areissues of excess scale
buildup on arelativelyne8f SOGNRA O R2YS&aGAO 61 GSNI KSIFIGSNI YR 2Vy

On the domestic water heater, calcium has been building up on the electric heating elements. The calcium
buildsup so quickly and thickly that the elements were overheating and failing, often within two months of
installing new elements. At the time when the Green Proving Ground was looking for a test site, operating
personnel at thecourthousehad not yet implemeted any sort of water treatment systerfor the water

heater. They were still replacing elements as they failed while seeking a permanent solution.

The situation at the domestic water heater gave the jpob the opportunity to evaluate a system which

here2 T2NBE KIR y2 STFSOGADS 461 GSNI GNBIFGYSyao ¢tKS &
the amount of calcite buildup on the heating elements, the material and labor costs of replacing the
elements so frequently, and the added energy costs bfiny G F AyAy 3 GKS 61 GSN) aead
0KS StSYSyia oSNBE O2F SR gAGK OFf OAGSO® ¢KS abk7FdS
they might have changed with the additioh the catalystbased water treatment system.

As forthe coding tower, in 2012 calcite had built up on the fill material to the point where water and air
flows were being impeded. Site operations personmad to thoroughly clean the calcite using chemical
and physical means, including replacing some fill elesienfThey then installed a sdlased water
treatment system. To date, the sdlased system has effectively controlled calcite buildup on the fill
material.

The evaluation plan on the cooling tower was to document the cost of installing thbassdt syem, the

0dzA f RdzLJ 2F OFf OAGS 02NJ Y2NB I OOdzNI 6Ste GKS 01 2
to periodically refill the system with saltthe cost of energy to operate the system, the cost of extra water

to flush the systemand the cost of chemicals itselt 2 R2 OdzYSy i GKS dal FGSNE 02y
look at the cost of installing the catalysased NCW3$ystem the level of calcite buildup, and the absence of

cost for chemicals/labor/energy to operate the systent. KS a6 STF2NB¢ FyR al FaGSNE
compared to determine the overall effectiveness of the catabasted NCW$ystem

V. Measurement andVerification EvaluationPlan
A. Facility Description

As described above, the Frank E. MOSCourthouse in Salt LakCity, Utahprovided two opportunities to

test the new technology. The electric domestic water heater had heretofore no effective water treatment
system and was suffering significant issues due to calcite buildup on its heating elements. The awmeling to
had been experiencing ill effects from calcite buildup on the fill material, but these were being addressed by
a saltbased water treatment systemo b 2 4 SY C2NJ NBlFaz2zya RSGFATSR Ay
based NCW¥ystemwas ultimately no tested on the cooling tower. For that reason, the focus from here
forward will be on the electric water heater.)
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The electric domestic water heater had been suffering calcite buildup on the heating elements. The calcite
would build up, which wouldmpede heat energy from transferring from the element to the water. isTh
caused the heating elements to stay energized much longer than they should have in order to maintain
water temperatures in the tank, resulting in excess energy consumption. The ¢altitep also caused the
StSYSyGtaQ GSYLISNI GdzNBE G2 NAasS (2 GKS LRAYyd 6KSNB

Figure 2is a photograph of the electric water heater where the test was conducidtke insulated line on
therightsideigs KSNBE (KS aeaidsSyqQa O2fR FyR NBOANDdzZ [ GAy3 ¢

4

Figure2. Electric Water Heater Where Test Was Conducted.

Figure 3is a photograph of one of the heating elements that was removeelease note the extensive
buildup of calcium, the wagd shape due to overheating, and the bahrough near the base of the
element that caused it to fail.
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Figure3. One of the Heating Elements Removed from the Electric Water Heater.

Figure 4 isnother photo of aheatingelement taken at the moment it vearemoved from the tank. Please
note the thickness of the calcite coating. It appears green in this photo due to it still being wet. This buildup
was caused after just two months of operation in the tank.

"I"?'Jl ———— ‘

Figure4. Heating Element Removed from thedekric Water Heater.

Figure 5 showall sixheatingelements whichwere removed by site operations personnel during one of the
repair sessios Three elements had failed, and all weeyerelycoated with calcite.
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Figure5. All Six Heating Elements Removed from the Electric Water Heater
During a Repair Session.

B. Technology Specification

The catalysbased NCW3$ystemis a single technology. In fact, it is a single piece of simple equipment that
can best be described as looking like a length of pipe with a helical insert through the middle.

¢CKS &A1 S 27F G KSiasSvidelyliisedSipoa Reiiovi raty” éf éhsydien M@ing treated. The
smallest isthree-eighths of an inch irdiameter, which will treat 0.4 to 1.9pm. It is targeted for an
individual ice maker or small applianc@he technology is available in larggandardsizes up to 1.
nominal, whit treats 2200¢3,800 gpm. On a custom basis, the vendor can produce units up ton.7ia
diameter.

For the domestic water heat test site, al.25 in.device was initially selected based upon design flow data
for the domestic hot water circulating pumpgbat were found in the original design documents. Note:
tfSFaS aSS GKS awSadzZ Ga¢ asSoOliiazy FT2NI RSGFAfa | 62dz

Installation of this technology is very straight forward. A section of the cold water and recirculating line was
removed, appropriate pipe fittings were installednd thetechnology was installed just as any pipe spool
piece would be installed. Labor to install the device was o6 $L0 persorthours at $50/hr).

Figure 6 showshe devicein its final configuration It is the silver section of pipe on the right side of the
black panel boxThis is the cold water inlet to the water heater tank.
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Figure6. Final Configuration for the&Nonchemical Water Treatmen®ystem §ilver section of
pipe on the cold wateiinlet to the water heater tank.

C. Technology Deployment

On the electric water heater, there was no incumbent technology being used at the time of this test. The
G0oST2NB¢E O2yRAGAZY ¢l A (G2 R20dzYSyid GKS ofiactitosisia 27T
¢CKS aF FUSNE O2YyRAGAZ2Y gl & t221Ay3 |G | ye -based OAGS
NCWTsystem

D. Test Plan

Due to the nature of the situation at the electric water heater, a qualitative evaluation was selected versus a
qdzl YUGAGF GA OGS S@lLfdad GA2Yy @ ¢tKS F2fft26Ay3 AGSYa 6 SNEF

1. Quantity of calcium that would build up on the elements while installed in the tank.
2. Time between failure of the elements due to overheating from the calcite buildup.
3. Laba and material costs associated with replacing the elements.
4. Electricity consumed by the heating elements.

The above items would be recorded for a theenth period from Augusio November 2012.

In November the technology would be installed and the satam$ recorded for another threenonth
period.
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There are no standard protocols.¢.,ASHRABr NSF) for measuring the items in this study.
Installation of the new technology would be performed by a plumbing contractor hired by GSA.

In the event of heatingglement failure, replacement would be done by the building contract operations
personnel. All elements removed would be kept for evaluation by ORNL researchers.

Electrical consumption would be measured by a current meter that was already in place. @BA wo
download data and send it to ORNL.

ORNL wouldhave overalfresponsibility forconducting this test.Theprimary irvestigator Dan Howett, has
extensiveexperienceworking with water treatment systems ofrious types while he worked in the private
industrial sector prior to joining the lalatory.

E. Instrumentation Plan

Other than the electric current metethere areno specific instrumentsassociated with this test.
Condition of the heating elementgasto be documented withdigital photographs

Labor to replace heating elementss tobe documented with work orders.

Labor to install the new technologyas to bedocumented with the work order to the contractor.

V. Results

In August of 2012, new heatirjf SYSy da 6SNB AyaidltftSR Ay GKS g GSNJ
technology evaluation. At this time, the technology was not installed as the goal was to see, in a controlled
fashion, how the heating elements would respond under the existorglitions of excessive calcification. They
were to remain in place until October when ORNL was to return to the site and the technology would be
installed.

Within six weeks of being installed, all three heating elements had failed. Building operpgosmnnel
replaced the elements, documented the&iondition, and saved them for ORNL. The mode of failure was the
same in all three elements: excess calcium buildup led to overheating and failure.

The three Bw elements that were used to replace the teréailed elementd  a § SR dzy GAf hwb[ Q:
November. The three elements were removed from the tank and all showed excess calcium, though no failure
yet.

The technology was installed and three new elements were installed in the tank to beginlthe G S NE LIS NA
the evaluation. This evaluation period was to run until February 2013, at which time the elements would be
NEY2QOSR |yR S@Ifdz 6SR (2 RSUSNNVAYS GKS GSOKy2f238Qa

In December 2012, the GSA building manager contacted ORNl thadat appeared that all three elements
had again failed and ask for further guidance on what to do. After consultation with the project team, the
elements were removed and their condition documentdegure 7 shows two of the three failed elements.
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Figure7. Two of the Three Failed Heating Elements from December 2012.

¢KS FlIAftdz2NBE Y2RS gtra (GKS aryYS d RdNAy3I GKS aoS¥F2N
premature failure of the elements.

At this point in the test, it appeared th#he technology was not working properly. Several decisions were made
which affectedthat test going forward.

1. The team elected to not test the technology on the cooling tower. The cooling tower calcite condition
was being successfully mitigated by a-4$ased water treatment system. If the shlised system were
replaced by the catalydtased NCWEystemand calcium buildup was no longer mitigated, there was
significant risk of damage to the tower fill or damage to the chiller condenser tubes. Bexfdhiserisk,
the cooling tower test wasemovedfrom the technologyevaluation.

2. If the technology were eventually to prove itself effective on thater heater, ORNL would conduct a
GKELRUGKSGAOItE SO2y2YAO | yI f & atalysthasdd NCWEsteana & | y
the cooling tower. This would meet the goal of looking at the potential economics of using the
technology on a cooling tower but without putting the current tower at risk. It should be noted that
even if the device prowkeffective on the water heater, there would not be sufficient time to run a-risk
free test on the cooling tower during trexmmer of 2014.

3. The vendor was consulted and given an opportunity to evaluate all findings taddtesked to provide
input as to whatmight be causing the techimgy to not work as promisedThis was done so that the
project team would have the opportunity to leamhether there was a parameter that the technology
needed for proper operation that was not currently being met. If thatapgeter could be learned, and
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then adjusted to allowfor proper operation, then this parameter could be documented in the final
report for use by potential future users of the technology.

Over the nexseveral months, the situation was evaluated by GSAgerel, ORNL researchers, the technology
GSYR2NE YR GKS g GSNJ KSFGSNJ YI ydzF I Ob dzNB NI | RRAGA
recirculating line and makeup water line. After compiling all datd expert advice, the following conslans

were reached about conditions with the water heater system

1. The flow rate in the recirculating line, where the catalgased NCW3$ystemwas installed, s actually
6¢11gpm, not the 20gpm indicated in the design documents. The Ieineffective flow rate of the
1.25in. device was 2@pm. The manufacturer indicated that having the device properly sized to match
the flow rate is critical to proper performance. For thémson, &.75 in.device, with flow rates of &

12 gpm, was recommmaded for the next round of testing.

2. The water heater vendor noticed that the electric heating elements being used by the building operation
team were actually designed for residential use. They were not built as robustly as for a commercial
unit. For thenext round of testing elements for a commercial system would be used.

3. During the period when ORNL and GSA were evaluating the situation, taking flow measurements, and
developing a new course of action, building operations personnel, working without gideom ORNL
or the project technical team, modified the heater so that it used six heating elements instead of three
like when it was originally shippedThey believedthat six elements might mitigate thengoing
calcification issueand reduce the elemenfailure rate After learning about this action, thechnical
team evaluated the situation and determined that the six elements were still showing calcification and
failure. Thus, even though this was an unexpected twist in the project and it woutddesn preferred
to not happen, it did not impact the overall findings of the report.

On April 3, 2013, the team again convened at the courthouse to start a second round of testing that
incorporated the above findings. Because the project was beginni®ygan ¢ A G K | G0ST2NBE
technology was removed from its location and a blank spool piece of pipe was put back in place.

The six heating elements were all replaced with models that were designed for commercial service. It should be
noted that in dnuary 2013, as soon as the water heater manufacturer noted the residential elements, building
operations personnel installed commercial grade elements. When these elements were evaluated during the
April visitafter three months of operational time, nonef them had totally failed. There was still substantial
buildup of calcite on the elements, to a thickness that normally takes years to develop. The elements also
showed some signs of overheating and slight warpadbese obsemtions indicate that theelements still

would have failed within a few months, but not within the frequency that the site had been experiencing.

hy WdzyS mMm3X HnamoX GKS GSIFY O2y@SySR
install the0.75 in.deviee where the previoud.25 inRS @A OS KI R 685
test would begin.

Ay {FEd [F1S8 17
yo i GKAa LR

The heating elements that were removed all showed severe buildup of calcite, and this was after only two
months of operation. They also showed sigrfsoverheating and bending, which are precursors of failure
(Figure 8)

CatalystBased Nonchemical Water Treatment System Pagel?



Figure8. Heating Elements Removed June 2013.

Figure 9 shows the 0.75 idevice installed where th&.25 in.device had been located
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Figure9. Electric Water HeateShowing the 0.75 in. Devidglue) Installed
on the Cold Water Inlet Pipe.

In early Juhy2013 site operations personnel observed that the temperature of the domestic water heating
system had risen to almost 150°FAt this point they felt that it was hot for safe use in the facilitgo on
Julyl2 they adjusted the thermostat to its next lowest setting. After checking the temperature trends of the
systempersonnel determined from thdata that the temperature rise began at the same time that thealyat-

based NCWT device had been installEdyure 10) It should be noted that the electric heating elements, in
their efforts to maintain the temperature set point, remained energizedh@drs a day, even over weekends.
This constant state of being ergized was required because the elements were so caked with calcite, which was
acting as an insulator and impeding heat energy from easily transferring from the element to the water.
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