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ADAPTIVE CONTROL FOR ENERGY CONSERVATION

LOS ALAMOS SCIENTIFIC LABORATORY
CONTRACT NUMBER W-7405-ENG~36-0504
PRINCIPAL INVESTIGATOR DONALD R. FARRiS

PERIOD OF CONTRACT:

The objactive of this project is to investigate
the use of adaptive control concepts in buildings with
solar-assisted heating, veantilating, and air-condition-
ing (HYAD) systems to maintain occupant comfort condi-
tions whila minimizing auxillary energy use. Accom-
plishing this objective requires an renergy management
system capabla of making sound tradeoffs. OQptimal con-
trol theory Is used along with a system identification
technique to provide an adaptable strategy. The resul-
ting ovarall approach is known as adaptive optimal con-
trol (AOC).

The AOC concept can be explained with the system
block dlagram of Flq, 1. The building (plant) repre-
sonts the nonlinear dynamics of the building and entire
iYAC system. As control and exoqyenous disturbances
(e.q., outsidn temperature) are appliecd in Lime, the
dvnamic building responds and the state of the bullding
rogults,  The applind central, the rxogennus irputs,
and the building state are measurad a5 functiong of
time,  Theose neasurnd values ara then usad by the model
identifi_ation block to estimate the paranetor; for a
Finearizod systen, This linewired systen is valid
only in a reqinn abautl the oporating point, so a sub-
seeuont ostitation of the parrveetors will be neonded
when Lthe gperating point rhanges significantly,

The linearized system parameters are then gse] by
Lhe eptimal centrol computation block Lo detornine the
con®ral pwrwiors,  The oplimal conteal computation s
porterasd 50 a5 Lo minbrize a4 perforaance {ndex,  This
performince {ndec 15 an Inteqeal quadeabic form and its
terminclde eviations of room Lemperybyre from o set
puinl ang e ot ageilhraey onorqy, Begwesn some nf Che
trvfoott parametors o Lhe pertarmanes imdeg nay hange
with Lmeessiye aplinisatien compytations (o, the
pevtornanes nenalty for roon tesperatars deviations
mbgat hao palgead  ab nighl), optimlzation  Jata ars
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supplied by the supervisor bL.uck. The supervisor also
pravides a channel for the human buildiny operator to
communicate data to the system,

The optimal cor..rol computation produces the con-
trol paruneters (gains, offsets) that are used by the
controller to implement the closed-loop control. The
building then operates with this optimal control for a
period of time that would probably not exceed 15 min-
utes, and the process of model Identifization, optimal
control computation, ard controller implementation
repeats itself, The AOC system 1s thus updated or
adapted to remain optimal as the system undergnas
changes of various forms.

SUMMARY

This investigation of the use of adaptive contral
concepts begun with the definition of an HVAC system
mode! to be used for sinmulatlon studies. Bullding op-
eration was clmulated under control of a conventional
cuntroller that embodies current strategies and undur
control of an AOC controller. System performincas wera
compared for both heatinrg and cooling, The h2ating
results are more comprehonsive and this report will
focus on them. Bolh controilers maintafined Lhe room
tomporature quite well, The AOC contraller; hosuavor,
did so with siqnificantly less auxiifary energy,
Depending on simulation conditions the AQC auxillary
energy savings aver the conventional coniroller aere as
hiqh as 51% for a two-diy simulation and 9%¢ for a
manth-long simuiation,

It must be remembered that these are savings in
auxiiiary, or back-up, snergy that s uind shon the
solwr energy system canpot meel the heating o air-
cond{tioning demands alone,  When comparing controllars
as we have, o clabin of 1Q0Y wavings In auxiiiary oneray
meany thal Lthe clalming controller Iy able to operate
Lthe wolar energy systm to meet the heating aor alr-
comiitioning dw and withou'. any back-up.

SLATL, the quostion of how the AOC conteall o s
able to achiove  these savings In auxdliary  eper s
remadne.  Thee answer s that the AN conteallse pro
viden botter mapoement of  the avallable souriey al
"neragy In the tao Qv singlatiton tha? saymd Rlw of
th  aquniliary eneray, the acalber was sunny od oyvery
coldy and the Ayt contreollop operaled the stor ge Lank
al a Tawer temperatyrs to improve coll-ctiom ang gt ity
salion at solar onerqgy,  In te monthatong stahation,
Lhe  aeather varted, byl was peneratly mil de Onn
e bt the ADG contraller' s managemont of Yhe byild
tng 15 that the ate-namdlbing system 1 contrallag to
eahst o much Yoy heyted afe Lo the ogtande, Jo il lyy .
trate, the AOC contraller ovausts abogt P oabl v} fawe
op Bty than the conyentional contreallare s The v o
tn i by energy e B abogl 100,000 Ty g Hhe
redtp tion o solw oneegy gue g abogt 1, U000 Mg,
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The complexity of larqe soiar HVAC systems gener-
atas many sats of conditions for the rontrollar to han-
dle. The besl operating strategies are not completely
understood and, perhaps more important, they vary from
one set of conditions to another as the above simula-
tions indicate. The AOC technique has the power to
examine those conditions on a reqular basis (several
times each hour), determine the best strategy at the
moment, and implement the control automatically.

Plans have been made for a project to implement
and test the AQC controller in the highly-instrumented
National Security and Resour -:s Study Center (NSRSC) at
the Los Alamos Scientific L.l.oratory (LASL).

Significant industrial interaction has taken place
to effect tezhnology transfer. Industrial visits, sem-
inars at universities, and paper presentations at con-
ferences have been reccived with interest, and in sev-
eral instances, further interaction has resulted.

TECHNICAL ACCOMPLISHMENTS

Some of the recent technical accomplishmenls are
di.cussed below. For further information, th: reader
is referred to the publications listed and described at
the end of this report.

® Set-Point_Computation, To operatr a build-
ing HVAC systom” with an AUC system, sel poinls are
neednd,  These sel points are desirable values of sysu-
trn and cnntrol variables that the contraller tries to
attin, Two set-point computaticn methods have been
tested, both of which resulied in improved system per-
formance. OUne approich is based on the assumplion that
the sebt points define a system equilibrium, This
approazh lervis ta samewnal erratic solulinn hehavior,
A socond approach under tnegt gl this time establishes
schodiles for set points based on time of day and/or
various system varfables,  This second approach appear:
to work quite well,

o Rircati
control
grating
1dP/JL
wilhout

Cuntion

Solution, In the optimal
computtion, the

prewent  technique of  inte-
Lthe differential equation tn the steady state
- 0) s time comsuming if allowed to converqe
holp and atteapts o speed conyergencs Same-
Limes  lead ta convergence  problams, A potentilly
fotor and more pr.nllr|| walution methond has  heon
fdentified and appliei to the AOC,  The moethod s re-
latedd to an elgenvector approach, but uses Schur vern-
tors,  Code unhlqllng and simulation tes LInq have yel
to be carried out.

® Long-Term .im-:l.\l ion,
coders have been mocdtd i)
pertods (oan Lhe order of

The healing simulation
to pereft lengthy simulation

months).  Praliminary AOC
ruﬂullu havn oncountersd peahloms with the aumerical
solution of the matris Riczcati equation.  tven Lhouth
these  prablemy,  oxist,  the pesults have  been yery
rncoaraging; and thoy can only improve as the Rircati
solution 14 improved,

o han-Schediling Study, A study hs been done
at the Inizmsity of Kotee llane to fnvestigate the gue
of procopated and stored et of controller parameter,
ta e switehe] Tnand oyt n recponse ta yar oy, systom
tondition,,  Raged on the simple made] gsed, prelimd.
mary rosglts Andioate thies conbd prave a4 suecesfal

approach. This approach eliminates the nead for much
of the on-1ine computation in the AQC approach. If it
proves successful, 1t would simplify AQC implementa-
tion.

FUTURE ACTIVITIES

Contract Activities. Plans have been made for
a jJoint project with Johnson Controls, Inc. to imple-
ment and test the AQC concept in the NSRJC. Succes:-
ful completion of this project will demonst-ate that
the AUC approach is practical and implementable. Im-
plementation will permit a thorough comparative eva'-
uation of the AQC, and the hardware that is installed
fn the NSRZL will be adeguately flexibls to permit
study of other advanced contrul techniques. Recent DOE
controls program developments have led to uncertainty
about this project and it {s not clear, as of this
writing, whecther the project will be completed.

Post-Contract Activities, If the ahove projoct
is completed, a great deal of infarmation will be
available to aid industry in the develcpment of advin:-
ed, enerqy-conserving, building controllers. If the
project is term:nated, the reports will still contain
substantial information to aid industry, but the prac-
tical developmental exnerience will not exist.
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