
fthermal Storage . 

Arizona utilit}( adds 

eu tect i C ••• ·StOr&"j~,r.;""'J/ 
--~ · 

Data acquisition system will monitor · 

installation as customer d.emonstration 

Douglas A. Ames 
Associate MfJmber ASHRAE 

·.IN OCTOBER 1986,- ArizonaPublic'Ser~ •• 
vice decided to install and inonitor a 

eutectic salt storage system at its Deer 
. Valley Data Center in Phoenix. Several 
' i large . commercial · customers had· ex­

Wessed interest· in the cooling 'method. 
• .In keeping with the educationalrqle of the . 

proje¢t, . a ··. complete ,idata- ad:tliisition 
system;, wiil: · _mon1ter , qi:;er~ln'gf :,j:je:rf or,: 

•• mance inaccordance:With Ei&ltri<?Power 
ResE3arch Institute (EPRlfgiiidetlriesiThe . 

•· company will share data with -customers, 
otl'for utilities and EPRI. . 

The eutectic salt approach combines 
the attractive:aspects of both chilled water 
and ice storage systems .. Eutectics pro-

. vide th-.e sail)e $torage capacity as water 
with cinecth,rd the tank'Vt>ltim~.and one­
ninth the water::, . • · • • 

\ . . ·- . ·.· 

f .• ,Phase change ·.~ k~Y ·' ·• 
• • Reduced tank ~iu~e stetriiifrom the 

. storage • medidtii relying on a ·:phase 
change, not just specific heat With any 
eutectic salt, there is no need to empty 
tanks, diaphragms, stratified chambers or 
complex baffles, as is the case in chilled 
water systems. The tank can be above or 
below grade. 

The eutectic thermalstoragesyst~m-~iilcoo/ the-Arizona Public Service Company 120,000-squilre­
Joot Deer Valley Data Center in Phoenix. The system will reduce peak demand by 210 kilowatts. 

Eutectic storage capacity depends 
on the heat of fusion, not an anticipated _ 
temperature differential. Therefore, eutec­
tics are effective in retrofit or new building 
applications over a wide range of air-
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·- ~----_-<:_:( • 

. .. 

.. · -:• 

,;!~~g :2,,?'t;\' ··~ .:.: .. 
_ ...-. .;;;:;,,,~: ,-~l-~) _ , 

Apptoxirruite/y 45,000 seale8plasticcontainers, eachjilled with JJ gallons crere tarik to form the hearr--of1he"liltesttherrr1al storage sjsfe_'M~ii-1staf/ed 
of a special.eutectic salt so/Utitfn, were installed inside the bilried ·con- by the utility" as a demonstration project for its commercial 'customers. 
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THERMAL STORAGE . -
Ii'/ ~ • • _-:· ·:~'.:!: . .. : !~}-

, • • A w1n/,iv-in• scenario , > 
t . Ar.izona Public ·Service, . th~ ,slate':s · JO percent:~A_PS;is·qlsp considering a 
~-, • largest utili(Y, iinderscorris ils CQmmit~ , progf!Jm 10:htlp f!.iisf.nesses/mance the. 
~:' '. ment Jo electrical demand miiriagement added costs of theimal st"i,ragnjstems. 
ii-· · • through the use of roof thermo_/ ston,zge. •. APS benefi!-s by reducing its rieed for 
~(, . Cutting peak electi-ical requ{ienjiiflts is ' oddiii~noi power plants. The utility ex­
.~:_., . .. a. win/win ·scenario for bot1i1he.'iPm- •. • ptcts cooJ:itQtt1ge to"helji reduce peak 

·•. )\-:;;ipany tllid the CUStomer, :itJi$:J1oies: • . . -ilectr.ical !tlem6iid.;;ieverti'!-· hundred • 

f,~-~~~id~!:>'i1:Zrl!lii!,....... J 
•A~ :';: honing deinand, and it. is.PTQmjjJing . . tion:: ·l't11!Cf!~:.fnim·. SB/){)J$2,,500/kW. · ·'. / 

• )'.i;:~~Fa£i,;I!~7Efri~tii~:. , t:~:i.~'::!~~: -,, ~~i1f.f :.:/?: 
•t-:-~·--i~OO. kW,.typically_ williec' . . fJ • ' [o'tid :·1i"(>il·''mcirf e/Jet/Nily and _' -;:,y 

--:i<\ -peicent:o/ihe ihermal ··sioirii!·fistein . · miilfs'i1{jiij'i-f!#ibg'f'.()/'2~5¢/k.WI,;. • ·.: ''J/J; 
~ ·,.\ ~ -The 'IOU rates i:an pro_vµJe prifliliil d_ependfn'g ·~-»_ iM"in,ix)f:,J ,teneration • "f: 
it\:~l~~t:bil~re!luctionrofa~t'f}f~~ly ,· ~-e:.~~:1:'~:.i:[~~:ri:t~tL • ] 
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Figure 2-On-peak•discharge:period·of tf:,e.system 
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handling coil-design temperatures'. Any 
standard chiller can charge a eutectic 
system because the salt mixture has a 
high freezing point. -47 F. (Ice .freezei:. 
15-20 F lower than eutectics.) Thus, there 
is 0:2 kW~0.3 kW per ton· less· electrical·· • • 
consumption required to freeze eutectics. 

No. expansion and contraction 

The eutectic composition is .a mixture 
of inorganic salts; water and nucleating 
and stabilizing materials. The primary salt 
,ngredieht is sodium sulfat~. a common -
chemical found in detergents and ott)eir 
household products. Being inorganic, 
eutectics are not toxic, flammable or bio­
degradable. They do not expand or c·on- . 
tract while changing between solid and . 
liquid states, and they haye a latent heat • 
of fusioh of 41 Btu per pound and a den-
sity of 92 pounds per cubic foot. . 

The salt mixture comes in·hennetical-
ly sealed containers that have a se~­
stacking feature.that .allows.-.water.Jaflow-,~~ '. .:. : 
between them, thus acting as a heat" ex-

• changer inside the storage .tank. The con­
tainers occupy about two-thirds of the 
tank water volume of approximately 5.5 • 
cubic feet per ton-hour (including internal 
tank piping headers). 

Accelerated life cycle testing shows 
that the eutectic will provide a constant • 
level of capacity in normal field use for 
over 10 years. With the passive· inert' 
nature of the composition,, the · cone 
tainerization methods and the abundance 
of historical anc;I scientific data ac­
cumulated on this material, APS expects 
the · eutectic salts . to outlast the chiller 
equipment. 

Existing equipment unmodified . 

All existing mechanical • equipment 
(chillers, cooling towers'..chilled.waternnd, , • 
condenser water pumps) remains ·un­
modified at the Deer Valley D.c1ta.Center, 
This includes two 160-ton chiUers (rated 
for 322 gpm and a 12-degree tempera­
ture differ~ntial) and one 30-hp chilled 
water .pump (rated for 642 gpm at 1_10 ft). 

The storage system is 1,600 ton­
hours and sized to handle the building 
cooling load during _an eig~t-hour wi~ 
dow. That profile (generated for the pro­
ject) shows a peak cooling load of 213 

. tons, based on a design dry-bulb temper-· 
ature of 107 F and a design wet-bulb tem­
perature of 11· F. 

The storage tank is below grade im­
mediately adjacent to the building. It is ap­
proximately 30 ft from the mechanical 
equipment room. Approximately 44,800 
eutectic salt containers are inside the-tank, 
which is approximately 50 x 24 x 8 ft 
plus six inches of cover. Its top has the 
heaviest truck traffic rating possible, H-20. 
Adjacent to the tank is a buried pump 
vault, which houses a 10-hp booster 
p4mp rated at 650 gpm at 50 ft. 
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Operating modes flexible 

The APS system: while sized fo( tuli 
storage, allows flexible operating modes. 

, This enables-charging or discharging of 
• the tahkwith or without a simultan~ous 
. building load. .. 
• . Figure 1 shows a fuli storage sche~. • 
. niatic. ,The storage -t~nk js in series dowrj; -, . . 

. stream f~om the chil,ler.,and prior .to:the · 
load. Bypasses ·around the . load, the 
chiller(s) and the tank provide additional•.-0 • . , , ' • 

. ,,, , .•. • operating flexibility: 'A pressure sustaining,.;,. 
valve'{constant backpressure valve) ison 

' the entrance ::Side of'th~J ank. • . . , 
•.. • • [)µring charging; 40~42 F watet flows •. , . 
from:·1he chiller, to the tank. W~ter temp- . . .•. 

·• erature leaving the tank remains relative~ 
Iy' flat (46-47 F) during the chargiQg CYs-·: 

. cle: When frozen;, .the exiting water tank •. •• 
temperature drops back to 40-42 F. The 
tempera1ure ditfe~rence across the·1arik ' • • 
will , in most cases, correspond to the 

• most efficient part 6fthe centrifl.rgal chiller 
performance curve. 

·-•Meeting· th'e goals 

Two important goals of energy man° 
agement are reducing equipment oper­
ating time and energy consumption. 
Thermal storage can accomplish these, 
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THERMAL STORAGE 
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Figure 4.:.._Pre-cooler design discharge mode 

especially during winter when cooling 
loads are less. 

Prior to the storage installation, the 
buildin·g air conditioning system operated 
12 hours daily with a chilled-water 
temperature difference of only 2-3 F. With _ 
storage, the chiller plant will operate only 
four hours a night and supply building 

_ cooling for the entire day. 
Figure 2 shows the discharging 

• strategy, which is turning off the chiller 
with a time clock. During a complete dis­
charge cycle, the water temperature leav­
ing the tank starts at ·43 F, rises and 
plateau's between 46 and 48 F; and, dur-

• ing the last hour of discharge, rises to 50 
F. To achieve a constant discharge tem­
perature, APS uses a control modulating 
valve on the discharge side of the tank 
booster pump. 

The Deer Valley system includes a 
part storage, pre-cooler operating option. 
The charging mode is shown in Figure 3 
and the discharging mode in Figure 4. 
During discharge, the storage can 
operate in series ahead of the chiller, 
hence the term pre-cooler: 

The design is similar to an injection­
type primary/secondary pumping loop 
system, with the storage tank and 
pressure sustaining valve forming the 
secondary loop. This self-balancing, 
dynamic control is very successful and is 
rnuch simpler than balancing the water 
flow with three-way valve systems. • 

In such systems, chiller and storage 
share the load during the on-peak period. 
The advantage over full storage is that it 
allows for greater chiller displacement in 
new or retrofit applications. Part storage 
may provide more cost savings per unit 
of storage investment and, in some ap­
plications, be used as full storage during 
winter months. 

In the pre-cooler mode, it is necess 
sary to limit the rate of discharge from the 
storage tank. Discharge rate is controlled 
using a temperature sensor (Figure 4 -
TS-1) that controls a modulating valve on 
the discharge side of the booster pump. 
As the water temperature rises above the 
setpoint, the modulating valve opens, in­
creasing the_ water flow rate through the 
storage tank and decreasing the amount 
of water bypassing the tank. 

The valve also enables a two-chiller 
plant to operate more efficiently by keep­
ing one chiller off-line while fully loading 
the second unit. 

The pre-cooler design provides a 
wide variety of storage strategies in­
cluding chiller priority, storage priority or 
constant priority. 
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