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Demand Shifting Will Boost
Thermal Energy Storage (TES)

Klaus Schiess, P.E., CEM
KSE Engineers

Therm al Ener gy Storage (TES) or off-peak cooling as the technol­
ogy is also called may be read y to take off. Deregul ati on will bring dr a­
mat ic cha nges to electrical rate structures that will impac t TES more than
any other load man agement technology. Pred ictions from crys tal ba ll
gazers vary from one extreme to the other. Some say tha t the ind us try is
going to slow down. Others expect a rap id takeoff. Gene rally, most ex­
perts pr ed ict that deregulation will br ing higher on-peak costs and lower
off-peak cos ts. If th is is tru e then TES is not only going to survive but it
wi ll prosper.

The progress and popular ity of TES has been much slower than
expected . Although the techn ology is not new and is uncomplicated , it
is su rprising how many problems have clouded the success stories . In
this ar ticle we pos tula te that wi th a paradig m shift in the pric ing of elec­
tricity from the "off-peak" ron-pea k" un iverse to a real time one , the
stage is set for TES to finall y pay off through demand shifting, resulting
in significan t cos t savings .

TES CHA LLENGES

The focus of most indus try resea rch in recent years has been on
operating stra tegies and in designing con tro l sequences . For ins tance, in
th e " Background " paragraph of the wo rk sta temen t for 1054-TRP of
ASHRAE's Technica l Committee TC 6.9 the following statemen t appears:

"THE REAL NEED IS TO DEVELOP A COMPREHENSIVE SYSTEM FOR

ACCURATEl.Y DESCRIBING AND PROPERLY SELECTING AN

OPERATING STRATEGY FOR A GIVEN SYSTEM."
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This sta temen t by industry leaders in this technology brings to our
atten tion the fact that we are in need of more informa tion. The root cause
of the p roblem is a lack of communications between various en tities to
implement TES solutions. Each pa rty has its ow n age nda and along the
wav they often lose sight of the funda menta l objective.

TES Playing Fields
There are many variables which affect TES sys tems. Each TES sys­

tem is an entirely separa te entity due to its size, type of equipmen t, load
cha rac teristics, discharge characteristics and rate sched ule.

Rate Schedule
The "first comma nd ment" for TES sys tems: Thou shall have a rate

sched ule that allows yo u to save energy costs by using TES. Witho u t a
rate sched ule that differentiates between on-pe ak and off-peak rates,
wh eth er it be in the form of ene rgy cos ts or demand cos ts, a mixture of
the two, or jus t plain real time pri cing, there is seldo m justification for
making plant ope ra tion more diff icult with additional equipmen t and a
mult itude of con trol seque nces.

Utilities have created rate sched ules that compensate them for the
act ua l cos ts to produce electricity under the watchful eyes of some com­
mission represent ing the public. The util ities overall electrical load pro­
file will d ictate the ru les and rates under whi ch TES ope ra tes to achieve
sa vings that benefit the user. Therefore, TES sys tems are subjected to on­
peak windows ranging from -l hours to 14 hours to sui t the requirem ents
of the uti lity. There a re on-peak, mid-peak and off-pea k hours, demand
charges and even maximum or non-t ime demand cha rges . To complica te
matt ers eve n more there are ratchets and tier sys tems .

Load Prt!frll's
In most TES applications the load profile varies considerably from

season to seaso n and usu ally on a dail y basis as well. The load shape also
vari es from project to project. As mentioned above, the custom ary ap­
proach has been to sa tisfy peak condi tions and the job is done. TES ha s
to adjus t to eve ry variable for optima l performance, resulting in more
complex con tro l stra tegies. Parti al storage sys tems need close r atten tion
to ens ure that the s torage capaci ty is not depleted too earl y, i.e. befor e
the end of the on-peak de mand period.
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TES Team Players
HVAC engineers design for peak condi tions and assume that the

sys tem will fun ction a t an y load low er than that. It is cons idered to be
the problem of the ope rator to tweak out maximum efficiency from the
sys tem. Therefore, eng ineers think their job is done.

Manllfactllrers deliver the product. If it sa tisfies design cond itions,
their job is done.

The A utomatic Control Con tractor makes sure that the sys tem fun c­
tion s according to the con tro l mod es that were specified . The con tro l
contrac tors are often in a tou gh si tua tion, becau se they are expec ted to
"fix" the sys tem if there are an y p robl em s, commission it as they go
along, and smooth ove r any probl em s that may occur whe the r it is of
their makin g or not. Control con tractors know wha t to deliver and how
to con tro l, but they need to be told wh y. In othe r wo rds they speak
contro ls but do not necessarily "s pea k TES." If the th ree or four mod es
that were specif ied work, hopefully, then they cons ide r their job d on e.

The Contractor cons ide rs his job done once all the equipme n t is in­
sta lled.

The Owner bu ys a comp lete sys tem and expec ts that it will prod uce
the savings as predicted or promised . Understandabl y the ow ner expec ts
TES to work, just as repl acing a light bulb wi th an energy efficien t one
does.

Operators are usually sus p icio us of so me th ing th at mak es th eir
work more complex but they ha ve to go along becau se it is expec ted of
them . If they are lucky they get a few hours of training fro m the control
con trac tor. This is equivalent to learning to dri ve a car. After a few starts
and stops you get yo ur dr iver 's license. The job is don e.

With all these va riables and pla yers it is not su rp rising that after so
man y yea rs of TES exp erie nce, indust ry societies are still attemp ting to
"derelop a [mtncioork for describing and characterizing cool storage operating
and control strategies '. We have not ye t even managed to clearl y define
"full storage." To some it means full shi ft of the who le daily load. To
others, it mean s shift of all load during the on-peak dem and peri od.
Obvious ly wi th the on-peak windows varyin g from 4 hours to 14 hours
these definiti on s can becom e blurred .

So what we n t wrong? On ce you have a driver s license yo u are
sure ly not cons idered a profession al driver wi th ex pe rie nce in fu el
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eco no my and good road sense. In othe r words, I would like to plagiarize
a we ll known proverb about happiness and change it to:

TES IS :--:O T A lJ ESTlNt\ TIO N, BUT t\ \VAY O F TRA\ T U :-':G

DEREG ULATIO N

Effec t on T ES
Wi th deregulation it is inevi tabl e tha t the conce p t of REAL TIME

PRICING (RTP) is en tering the electric ity market. Aft er having com ­
pl et ed a TES study comparing time-of-use and real time pric in g ra te
sche d ules th is au thor pr esented a paper "The Effect of Rea l Tim e Pricing
on TES Sys tems" at AEE and IDEA conven tion s. This ar ticle wa s als o
publish ed in "Stra tegic Planning for Energy and the Environmen t" and
was also accep ted as a poster presen tation at the MEGASTOCK confer­
ence in Sappo ro, Japan, in Ju ne 1997.

For the TES study with RTP I soo n rea lized tha t ca lcu lations idea lly
have to be d on e on an hourly basis for each and ev ery day. Thi s is ob­
vious ly a cumberso me approac h w ith 8,760 hours a yea r and possib ly
the sa me number of hourly pr ices.

Since the study how ever , I have come to real ize tha t RTP and de­
reg ulation could be a blessing in di sguise for TES. The dark clo uds on
the horizon p rom ise even more rat e sche d ules crea ted by the new ESCO,
ESP companies wh o will now crea te new ra te sche d ules to convince any
poten tial clien t int o believin g that they are getting elec trici ty a t a better
price than before or from their com petitor. How is TES go ing to adjust
to th is Hood of rat e sche d ules and the new ground rul es that com plica te
things even more?

Curren t So ftware is In ad equate
The HVAC in dustry has been geared to desig ning the chi ller capac­

ity to sa tisfy peak cond itions . All software programs in the HVAC field
wer e developed to find the peak cooling load . Later on, when ene rgy
co n serva tion be came more im portan t, compu ter progr,1ms we re up­
graded to include condit ion s on an hourly ba sis all yea r round. Th ese
progr am s hav e become quite so phistica ted and thu s mor e d ifiicult to
use. In m y personal opin ion the results ar e often too theoret ical and
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some times when one stud ies the results more closely, old Hollywood
comes to mind: "Any similarity with real life is pu rely coin cide n tal."

Design engineers who had the cou rage to take TES more ser ious ly
prep ared their own spreads hee t type of software to assist them in calcu­
lating energy and cost savi ngs. From my personal experience it was the
softwa re th is author developed that gave him the versatility to be effec­
tive in the application of TES. Some of these ideas we re subsequen tly
integrated into the COOLAID program de velop ed by EPRI.

COOLAID was developed to ass ist util ities in analyzing and devel­
oping sufficien t information to in teres t their client s to consid er TES se­
riou sly. It is not known how many eng inee rs used it eve ntua lly as their
design tool. The input allow s for hot days, workdays, cold da ys an d non­
work days. The op erat ional sequence is only defined by the peak cond i­
tion . For more accurate calcul at ions it sho uld be possible to input ope ra­
tional sequences for the other load s as well.

COOLAID is DOS based and may have become some what out­
dated in tod ays window-base d computer wo rld . Some ma.nufacturers
develop ed their own softwa re wh ich, of course, is equipment and pro­
prietary orien tated .

The Dep artment of Energy has developed var ious versio ns of DOE
energy conse rvation program s. TES even tua lly found its way in to the
later versions but fails to adequately add ress TES application need s.

GREAT OPPO RTUN ITY

Deregul ation forces new rul es into the TES game. It is, therefore ,
time for a fundament ally new approach. What is the dri vi.ng force that
dominat es stud ies, cos t sav ings calcu lat ion s, design and con tro l se­
qu ences of TES? MONEY, of course. TES mu st reduce operating costs. By
usin g a totally ne w approach it is possible to reform TES strateg ies to be
read y for the wors t case scenario (given by RTP) and thu s ca ter to an y
rate sche dule that has thu s far been develop ed .

If we accep t the challenges wh ich operators are facin g, we must
look at TES operating stra tegies on a daily basis wi th hourly increme nts
(or even less if the rates so dictate) and everything will start to take on
a new look . If we can develop a tool that allow s us to calculate op tim um
performance on an hourly basis, eve ry othe r rate sche dule will fall int o
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this mold. Actually, "conventional" rate schedules will then simplify
calculations by being repetitive to some degree.

SOFTWARE BASED ON PRACTICALITY AND SIMPLICITY

If we have software that calculates the optimum method of produc­
ing the required cooling under given constraints of a load profile and
rate structure, we can then derive the operational strategy for optimum
savings for that day. The TES industry needs a software package that can
be used by operators and engineers alike. Operators must be able to get
a control sequence on a daily basis if RTP is involved .

KSEngineers intends to fill this gap and create an Off-peak Cooling
Software for the 21st century. Deregulation provides the opportunity for
us to define a new approach which satisfies future requirements and
which at the same time corrects the deficiencies of the past. The intent is
to develop a simple computer program for the TES industry that gives
optimal control sequences for operators and at the same time provides
the tool for the designers and engineers to evaluate TES projects. The
program will be spreadsheet-based which allows any control software to
interface with control sequences input.

The basic concepts are not that difficult. Every system initially has
certain inputs like chiller sizes, efficiencies, pumps etc. basically to define
what it costs to produce one ton-hour of cooling. Part of this input is also
the peak discharge performance of the TES system. This basic input will
then be used to determine the cost to satisfy the cooling load at a given
hour.

The program can be simply used on a daily basis or weekly or
whichever is desired. For TES plants with RTP, the calculations will be
done on a daily basis . For large TES systems on time-of-use rate sched­
ules , it will also be done on a daily basis, especially if partial storage is
involved.

For smaller systems the program should allow the operator to es­
tablish the best simple time clock type of controls. If the available con­
trols are sophisticated enough, control sequences can then be based on
whatever the existing controls can work with.

The program will facilitate simplification to allow reducing the
8,760 "hour-values" to the accuracy that is desired. Design engineers can
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use the program to predict savings to any degree they wish to input. One
can still do it on a monthly basis with four different typical daily load
curves (as in COOLAID) . The program will then automatically optimize
the non-peak load profiles.

Time-of-use rate schedules with a window of on-peak demand
charges will automatically develop a control sequence that will use the
tank fully during the on-peak period because of the high cost per ton­
hour during the on-peak period. If there is sur plus capacity the program
will automatically select the most cost effective shift of mid-peak load
fully discharging the tank.

POSSIBILITY FOR ZERO COST ENERGY

At sem inars on deregulation, zero cost energy during certain night .
hours is often discussed as a possibility. Even if this does not materialize,
it certainly sho ws that very low cost electricity may be available for a few
hours during the night.

Thi s op ens up a whole new world for the charging cycle of TES
sys tems that so far has not even been considered. Presently off-peak
rat es at night are constant. Chiller size was then selected to charge the
system during the full off-peak period. With the possibility that another
marked reduction could occur, say for five hours during the night, it
ma y be economically feasible to increase chiller capacity to charge the
system during those five hours instead of the customary use of the total
off-peak period . In other words, the charging cycle can also be optimized
to save energy cost using TES systems.

CO NCLUSION

KSEngineers proposes to develop the tool s for the TES industry
that actually provid es the operating strategy for operators in graphic
form and, if needed, delivers syst em readable input for the automatic
control system. Furthermore, the program will provide the designers and
engineers with an analytical tool to estimate savings more accurately
leading to better utili zation of existing and future TES systems. With
deregulation a reality in California and soon for the rest of the nation, it
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is imperative that the TES ind ustry has the sophis ticated tools avai lable
to respond to the vast and forever chang ing rate changes that will inevi ­
tably resul t from deregulation. Our solution does not only allow us to
cope with the cha llenges of the future, but also remedies the deficie ncies
of the past.
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