1 ~$:I?i~IIIIIIIIIIIII Hitrrrrrrrrli~tli~~\ . , *166166* SPECIFHCR%PCN””
SYSTEM FOR MONI TORI NG WATER CONSUM NG STRUCTURES AND THEI R HEAT USE I N AN
INDI VIDUAL UNIT OF A MIULTI- 5 UNIT BU LDI NG AND A SYSTEM FOR BI LLI NG .
THEREFOR BACKGROUND OF THE HNVENH-ON—TFhe—present invention relates to a
systemfor nonitoring the water consunption and ener use of water
consum ng devi ces and t 10 fgy t d

nd nmonitorin use of water operate
heating and cool i ng devices in %WM“M“MWMWHM%UIIdlng conplexes where the
indi vidual units are supplied wat eff k@m a ‘conmon sour cé and hor e
particularly to a systemwhich will calculate the water consunption and
wat er rel ated.energy use of 15 the individual units so that water, sewer
and energy costs can be fairly aQﬂQk&%?Eﬁf&éﬁ’the units to encourage
conservation. The invention also relates 0 nonitoring unusual water usage
to detect |eaks and open valves. 20 SUMVARY AND OBJECTS ‘OF THE | NVENTI ON
The individual unsYsTEf FORNMONITORING (WATER CONSSMING ESTRUCTURES! ment
bui I di ng ar; SupPDi E‘BEthAT rusm mammwmmdmm loF eumJE'rIof t he .
bui | di ng wa®er X AL NG §AR_col d 25 water
lines with the hot mater I|ne paSS|pg phrough a heater (typlcally t here
are separate hot water and | bBb'%ﬁé) Heat the water to the
required tenperature. |n cofvent offar constructron, multiple vertical.
risers supply stackedThat bressnt itivechieos BIlahed ﬁ@aﬁlﬁgﬁGQleﬁg devi ces.

As a result the jwHi®@bring the water consumption and energy use of
water consuming devices and monitoring the energy use

10 of water operated heating and cooling devices in
multi-unit building complexes where the individual
‘units are supplied water from a common source and
more particularly to a system which will calculate
the water consumption and water related energy use of

15 the individual units so that water, sewer and energy
costs can be fairly apportioned to the units to
encourage conservation. The invention also relates
to monitoring unusual water usage to detect leaks and
open valves.

20 SUMMARY AND OBJECTS OF THE INVENTION

The individual units of a multi-unit building
such as an apartment building are supplied water from
a common source (the outlet of the building water

. meter). The water inlet is split into hot and cold

25 water lines with the hot water line passing through
a heater (typically there are separate hot water and
heating boilers) which heat the water to the required
temperature. In conventional constructicon, multiple
vertical risers supply stacked bathrooms, kitchens

30 and heating/cooling devices. As a result the water
supplied to an individual unit can not be metered
without substantial, very costly, plumbing
infrastructure changes.

It is an object of the present invention to

35 measure the water consumption and the water heat

-

LT

*ACTION*




supplied to an individual unit can not be netered w thout substantial,
very costly, plunmbing infrastructure changes. it is an object of the
present invention to 35 neasure.the water consunption and the water heat
11111112121231221222 ¢ ¢vo2a1a1ax or bbb @I 11111 *ACTION* energy use in
an individual unit in a nmulti-unit building so that the individual unit
can be assigned ,responsibility therefor w thout substantial plunbing
infrastructure changes. 5 It is another object of the present invention to
nmoni tor the con8RETSN BFealRatady EwHyddbray snitctore wolthamilteaks can. be

servi ced and er bahkélisd ywoopeat théendgenahel arasedaBRb &R EFERLWPTI ON OF THE
DRAW NGS Referr| : ] . FElLogure 1 is.a_sch tic. llustration
of the water C(%hs ?ﬁasﬁlgi g\'/: cg}s%g a 6g$°%tni ubeslﬁglrl ﬁ%ﬁ{gﬂl“g&dﬁgl di ng
wher ei n each unfPIRAEEEIIEAERr 6BAIFRS-h a sink (including any associ at ed

t ub/ shower )5 and a t ofd dis aasther obtebernthd presdetle {hRshisdingoassoci at ed

appl i ances such ; i . wher ei n. each | pe_supplying the water
cgﬁsuning devicggﬁ%ﬁ% Jggﬁgéggggﬁ%ﬁ?Fbﬁ_W§£§.%ﬁngg%g? éﬁE%B&F¥ﬁ t he

teachi ngs of tHAe pReseheaksan ik;serivdaed and sexrenseursdtyi ©pehl ustrati on
of the heatingleoesdiduh Hestessédr the sane apartnment buil ding wherein
each apartnent has one or nore 15 heating/cooling devices each having
upstream and downstream nonitors, one nonitoring tenperature and

vol uretric flow and t he RfleE DESERIE ol RRAI

Referring to the drawings:

Figure 1 is a schematic illustration.lof the
water consuming devices of a four unit apartment

5 building wherein each unit has a bathroom with a sink
(including any associated tub/shower) and a toilet
and a kitchen with a sink (including associated
appliances such as a dishwasher) and wherein each
pipe supplying the water consuming devices includes

10 a monitor made in accordance with the teachings of
the present invention; .

Pigure 2 is a schematic illustration of the
heating/cooling system for the same apartment
building wherein each apartment has one or more

15 heating/cooling devices each having upstream and
downstream monitors, one monitoring temperature and
‘volumetric flow and the other monitoring temperature;

Figure 3 is a schematic illustration of a
monitor shown in figures 1-2; '

20 Figure 4 is a 1logic diagram for the
volume/temperature functions of a monitor;

Figure 5 is a logic diagrém for a monitor which
will issue an alarm signal when the water using
device is continuously open;

25 Figure 6 is a schematic illustration of a system
for a multi story building including a receiver on
each floor for receiving and outputting data from the
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pni tor_shown_in figures 1-2: 20

F| gure4 is a |OgICdI agramfor t he voI urre/terrperature functions of a
noni‘tor; Figure 5 is a logic diagramfor a nonitor which wll issue an

al arm si gnal when the water using device is conti nuon—ﬁ—gure 6

is a schematic illustration of a system for a nmulti story Ag....

I ncluding a receiver on each floor for receiving and outputting data from
the -2 Th nonitors on its floor; Figure 7 is a logic diagramfor a nonitor
which wll issue a maintenance signal when a water device is leaking; 5

Figure 8 is a schenBtdks idd Uskr aldon, for a home system Figure 9 is a

| ogi ¢ diagram for co ri t he ut f a cqmon nonjtor wth the
outputs of all the %ﬁ gdiﬁo?'lojtgp F‘ga$’EPé?1tfPFyaam‘?‘b’§IPr ¥8iehgure 10 is
a schematic illuwithtiwsnofa saispsrencd crignabuvheh ny watatr asiaepl urality
of local receivegsiddgingre hard wired in series with the base |ocal

recei ver out uttlng Ia, Flg re 11 ie matic illustration of a 15
system si ni I ar to th%a Toptrey | gg?ea GSCk\ﬁ“Fﬁl? n{JhleJ\HSGEQFmrFoQ%H a BEBRvers hard

wired or phone | ppkeemin parallel to a base local conputer; Figure 12 is a
schematic illustrati opiqfred s %staermd@aw BYagrdth Wl idom %&lhgceherece' vers

linked 20 in Serl esué)roé na pcz:iorufaxlnon mon tgrrv?ar.rt[:)ﬁ ethreeco?,lltv !
puts of all
the dedicated monitors to identify a leak;

10 Figure 10 is a schematic illustration of a
system for a bullding that has a plurality of local .
receivers that are hard wired in series with the base
local receiver outputting data; ‘

Figure 11 is a schematic illustration of a

15 system similar to that of figure 6, with individual
local receivers hard wired or phone linked in
parallel to a base local computer;

Figure 12 1is a sgschematic illustration of a
gystem having a plurality of local receivers linked

20 in series or in parallel to a remote receiver; and

Figure 13 1is a schematic illustration of a
system having a plurality of local and remote
recelvers which are linked to a data base.

ESCRIPTION OF THE P DI)

25 " Utility provided water 10 (fig. 1) generally is
metered by a water meter WM 11 as it enters a
building such as an apartment . house or office
building. A portion of the water branches off to
supply the building cold water supply line 12 and the

30 other portion is supplied to a hot water heater H 13
which supplies the hot water supply line 14 of the
building. The building has a number of similar units
{in a two story apartment house, there could be four
one bedroom apartments, two on each floor, for

35 example) each having a sink (including associated
tub/shower) and toilet in the powder room and a
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Figure 137is a schematic ilTustration of a systemhawving—a plurality of .
| ocal and renpte receivers which are linked to a data base. DESCRI PTI ON OF

THE PREFERRED EMBODI MENT 25 Utility provided water 10 (fig. 1) generally is
métered by a water meter WM 11 as it enters a building such as an
apartnment. house or office building. A portion of the--water branches off
to supply the building cold water supply line 12 and the 30 other portion
is supplied to a hot water heater H 13 which supplies the hot water supply
line 14 of the Beftefl mgnkThenduididiogngnihassachatdieapplishddd atchnits (in a

two story apartnmast dhoasenwddeng coil gnbexh puke, ONe rogipapgaLt ments, two

each floor, fqr , e | e) each having_a sjnk (including associ ated
?Eb/shower) and ?%?E%te%gb?hseg &r PBoﬁg%n‘EP]éi wager ldgegndtienk

(i ncluding any absbcing egldppitieandéses uththaskitatieshussihetay absédhe kit chen.

Pach sink is supbbpByl Dyiisanacate) hota adnCobd YRIA dudlasehify hot and
cold water |ines_of ttle Ki Rgher{] S| Ek may al so 5 supply I shwasher) and
each toilet is supi%d 6yLdFaterglineol Goaaeed KithRensandBAtRT t chens and
bat h- roons are Lo@pd iaxe Huppvaedi bl versdrsl1bisdws adch Iwmakeehline (or

j ust downstream watdhel meetbyas et Aiév?%)trla&m' 9gaked ﬂiti@&{/\ggéeiv' 12- t Figure
the winter or copd i haceabedry HETsaaon B “oItauEn A S ot ce such as
a heat punpOHP 1Bgating/sepdirgsetrben Seehthe sahei ieitdor Watemater and a
chiller for col d(net én ehelwidt@rublld@i)lint thd i8REr) is supplied .
by a suitable source such as a heat pump HP 13A
(discrete sources such as a boiler for hot water and
a chiller for cold water could be utilized) to a feed
15 line 16 which supplies the individual heating or
cooling unitse H/C 23Ithrough multiple vertical risexs
17. The water is returned to the source HP by
suitable return 1lines 18. Located upstream and
downstream of each heating or cooling unit H/C is a
20 monitor M.
A monitor M (fig. 3) which can be located in
each line by a plumber, is a unitary battery operated
structure, which is fully sealed to reduce tampering
and water damage. The monitor can have a universal
25 set of fittings to simplify installation. . A monitor
may include a pipe 20 in which may be permanently
gsecured a gearbox 21 such as the type found in lawn
sprinkler heads to control the movement of the water
spray. The gear box has axial input 22 and output 24
30 shafts which are connected to a turbine wheel drive
propeller 26 and a copper or other metal axially
extending partial cylindrical portion paddle wheel
28. Water entering the pipe, passes through a set of
orifices 30 which direct the water at the propeller
35 blades thereby efficiently driving the gearbox. The
gear ratio of the gearbox is selected so that the
partial cylindrical portion 28 will make no more than
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15 [.i ne 16_which supplies—the individual heating or cooling units HC 23
through nul tiple vertical risers 17. The water is returned to the source
HP. by rsuitdble return [T H&s 18. Locat ed upstream and downstream of each
heating or cooling unit HCis a 20 nonitor M A nonitor M(fig. 3) which
can be located in each line by a plunber, is a unitary.battery operated
structure, which is fully sealed to reduce tanpering ardfmater d?rage. Thi
nonitor can have [ of f.ttings tq_si i installation
noni tor may inclﬁ)c?é&lgamii%2‘.=l %iﬁﬁs%i%%glﬁéyab%a? ngﬁ??y?/a F&tGred a
gearbox 21 such & FHEaEWé Hetnyith asamre shet rAd eschibbatsot olosentrol the
novenent of the wat@6) swilly. séheegette b@zgesbﬁée aﬁfagth@p%a&%aqln? outzgut »
24 30 shafts whi - e a, L ur bj ee rpve propeller an
a copper or ot he?a’r}ghglr?g%aﬁ&q%gt e(nééll%ngkggﬁl al 28y Hﬂﬁ‘? caﬁacgort i on
paddl e wheel> 28 YfRELBFIM eri Hie t 883%| FRE1p auase pe didifigreats dorof
orifices 30 whi ckﬁicﬁfeeenttdieVMser(hﬂﬂlt A o @eel |ae][t:03.ﬁ.eb| g@es,etrlg,gr ebyI o
efficiently drivi ' e Xg. qHhe. atio.o e gearhox'is selecte
so t hat thg par td?glfggg??ngl?%ga ulplo.rﬂogﬁ%vﬁ I’fubrfakgeoﬁogf%‘fpget)han -4
about hal f a rot &mdn?duthidy chargapindugtenae {wiceapachofevaiatioon that wil |
assure that an ostiehbahgr theSCErequitineyw &f s;@aaseogaqlgﬁggenceqlq:lgtphe) "
artial cy{q4ndrig ' t 8 twce.ea revol.ution). e
gear rati oyirr%y bgﬁg!r? ?gé%%éty%ftf)ﬁp%& ? %g&egnttog‘dg?ﬁ%lea?if Fél TP?ﬁt(ﬁﬁnﬁSr a toilet
is very differeft*FHah FaR| thessfansy eoungba mwlsex #aghetimeCsble 29 wil |
change i nduct ancéatgete2gaté lexaled ia@n0° and 180° and each pulse

equates to a unit volume of. liquid. Referring to
figure 4, if a reading is to be taken approximately
15 once per "X" time (a minute, for example} based on a
timer circuit 33 associated with the microprocessor
(see figure 3), the gear ratio will be selected so
that the target will rotate less than 180°, during
one minute with maximum flow through the pipé.

20 Alternately, other sensors could be used such as a
rotating magnet and Hall effect sensor, .reed switch,
capacitive sensor, optical sensor, inductive sensor
with ferrite rotator, etc. When , during that time
interval, the target has- been sensed, a wvolume

25 counter will be updated to a new total of volume
units and at some other regular time interval "y*
" (once a day, for example), the total volume count
will be transmitted by the radio transmitter 34. The
updated count 1is representative of the total

30 volumetric flow through the pipe. Limiting the rate
of rotation of the target with the gear box so that
a reading need only be taken once per minute,
prolongs baftery life since the microprocessor uc
only has to be turned on once per minute. The flow

35 measuring system could also be an ultrasonic Doppler
flowmetér, a magnetic flowmeter, an electronic mass
flowmeter, or a vortex flowmeter, for example.
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changi-ng—the—+ftreguency of the oscillator. The 10 m croprocessor uc 31 or
custom speci al i zed el ectronic circuit can therefore count a pul'se each
tinme the target 28 is located at 00 and 180 and each, pul se equatesygto a
unit volunme of. liquid. Referring to figure 4, if areading is to be taken
approxi mately 15 once per "R' time (a mnute, for exanple) based on a

timer circuit 33 associated with the mcroprocessor (Ste-figure 3), the
gear ratio will be selected so that the target will rotate |ess than 180,
during one m nute wihehemaxgyume bowhdrratghat&e pigae in28 Wtdear natel y,

ot her sensors ¢ b S ti ef fect
sensor, . reed svxﬁlir% gﬁg%gégl ??gebgengooraugea tggl sen?Jt ﬁgg |c_f“lél%:tlve sensor
with ferrite rotat@etrdecvolnmenof ha ﬁﬁ@ofh%ﬁeq PRE WALRTePYRE PY he t ar get
has been sensedth@ teaipeiat 2be aoiatt Bot Widderbésupdatscddt eharaesmd ot al  of

volume uniats oS ot QLIALEEONLE" WLLEP ERbEIMAL SOk ylece @ day. for

exanpl e), the t vol une coun ansmtted by the radio
transmtter 34. hq?f'eer up@rtéanabbi the PepiEerffan ilpeivie iRt al 30
vol unetric flomtméﬁ‘mrt Be popea tidfnocogplée ¢tat.e¢ aoctackddtion of the

target with the ge 0 Liale enLe %%‘grgaﬁde 0BkY difs Lakeqy once per

m nute, prol on e since th Croprocessor only has to be

turned on once %?W?‘fﬁgm‘fthé’ouﬂfheul‘? FWS oFeastie rfb“’s‘”f?Fé’ﬁ?E%?ﬁ d*@ai so be an
ul t rasoni aoDopptermayf malwEiEy tha tegreticors |mpwrbeerynidnvelewetoni ¢ mass
flowneter, or a.yorif, OWIRIRL a NUateXRARER: mAber! (BTE use - - - -

figure 4) and will then update the total heat content

totalizator. By subtracting the total heat count at

one side of a heating/cooling unit H/C £from the

15 gimultanecus total heat count at the other side (the

gsubtraction made by a local receiver which receives

the data from both monitors - Figure 7, for example),

the energy use of the heating/cooling unit can be

determined. Alternately, one of the monitors on

20 either side of a heating/ cooling unit can monitor

only temperature and be connected’ to the other

monitor-with that monitor making both computations

such as by subtracting out the temperature reading

from the other to compute the heat change. Should

25 electrical power be available or should the battery

economics permit, the position of the target could be

'sampled continuously and the gear box would not be
required.

Once every day (or some other time interval)

30 which equates to nyu time intexrval, the

microprocessor will operate'the_transmitter {(which is

a radio transmitter 33 in the preferred embodiment

but could be an ultra sonic or infrared transmitter,

etc.) to transmit the then current count of the

35 register which is representative of volumetric flow,

the then current total of the heat content tctaliza-

tor, identifier data which identifies the apartment
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The -é-r—le"r"gy use of the hot water used in awater usipg device may be

conmputed by multiplying the volumetric vol—urmwm ated hot water
pipe by the tenperature that hot water is supplied where the 5 nonitor is

receiving hot water fromthe hot water heater. Optionally, the nonitor can
i nclude a heat therm stor 32 (or a thernocouple, etc.) attached to the
pi pe to sense the tenperature of the fluid flow ng through the nonitor.

The mi croprocessenine Mha3lduut MuiddplaeviBe, ¢ QERCT b &, Ry Ly, uni t

volumet- ric flow to define a heat content nunber eflgure 4)
and will then up&SEBtt h8atdt afs#fbattcofPEREolagCalilyat PCaBy dilist ract i ng
the total heat cduansaissioe. side of a heati .ng/cooling unit HC fromthe 15

Si il taneous total’ heghe COUogbcbBEDN IR 604 LIS AURL T AGL O Tade by 2

| ocal recei fr Whl%h receives the data ors - e 7, for
exanpl e) , the &R&FYy C’l??éuﬁ‘fm?hgeﬁé‘é?l H@j? CBSF’P ngefiki orein Be tudet er i ned.
Al ternately, onerufinthg pontimrsually,2@oei ekenphkd)de of Fér h@aamgng cool i ng

unit can nonitor thgn{nyc}@%ggfgégsg&esﬁggﬁ)%e%gggqﬁﬁeeg)retsgnggt of) {hl moni t or

wi th that noni tor mak]| ut at,| ons ng out the
tenperature readi*AIISFroHNTe I"i‘emb’l?"ﬁ wWhd Leorifitcabt he q?é-é‘tg EhbkRfd atshoul d 25
el ectrical power the fudlyadppen cronsiaubd. t HEvdmitaiteny slewofoll Gsteermt, the

position ofighe taeoehrgau! dnbfia WA&%&O%EQUQU ghy #Rd N5, qgar box

woul d not be Cl(%l red or sone ot tirme erval) 30

whi ch equates to YIPFfed i nt égv'alf'y V‘Pn“én&{é%ce%reanpleoﬁé\eate t he
transmtter (whi dhlil$nga pradiesst rea:mmit toer Gdnpdlletiheviptahertwashtgnbodi ment

minutes (four multiples of "Xv). Accordingly,
according to the algorithm expressed in figure 5,
15 when the water has been running for "X" minutes and
the target has been sensed, the counter is
incremented and the process is repeated. When the
target has been sensed in the next "X" minutes the
counter again increments and so forth. If the couﬁt
20 reaches 15 ("Y"), for example, the water has run for
a time beyond that which was required to.£ill the tub
and this can mean that someone has falled to turm the
water off, etc. Should the microprocessor determine
that flow has continued for more "Y" increments of
25 "X", the microprocessor will direct the transmitter
to transmit an alarm signal, identifying the water
'consuming device, to the receiver which indicates
that the device has been left open so that jimmediate
action can be taken to correct the broblem. The
30 alarm signal can be transmitted to a local receiver
which could be a general alarm system for the home
which would announce the condition or it could be
further transmitted to a remote receiver which could
be at a home security company which could take
35 appropriate action or it could be a part of the water
usage system for a multiple unit building as
described herein. This algorithm can also be
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but coutd—be—am uftra sonic or infrared transm-tter, etc.) to transmt the

then current count of the 35 regi ster which is, representative of volunetric
flow, the then current total of the heaf con?%nt totaliza- tor, identifier
data which identifies the apartnent -6 unit, the water using device, etc.

and any pul se count data used to chronologically |locate the transm ssion.
The m croprocessor uc can also determne that a 5 water consum ng device

has been |l eft open (a tub running continuously, for exanple). For exanple,
t he ni cr opr ocesSonPatRAl witdetdeqtumbles pfeb¥hcrndf " Y'heralugegdt'Xdhce a minute

while the tub ignaeiim'finlxlzedaﬂa ntdve Fol | akaper) conghid itqh@ fEven at a sl ow

fill rate 10 the_target | d be sensed o eve "X tes (figure
5. If "X" is fl\a}éemganut eng?sene%g‘amﬁ fly l%%e {‘ ates ocgglgs%houl d be

conpl et e wit hi nVereakles (R R 280 (kfeblﬁllefm?ci |dp4ré§go$nst' "l)atlAechdl ngly,
accordi ng t® t heraygafinidmexprerstide Rehbfyriy Thelbomiedr t he water has

been running for "X mnutes nd th t .h se the counter
is incremented and The e 5 aézésmelnst %gl& att"%gedvﬁn tgtgﬁres?i;rg%t has been

sensed in the néxtradto m(hwaa]s) tﬁéce%‘(ﬁmt ép aysrarraesAnt sfand so forth.
| f the count 20ekg@shesshlizh( c¥n)redddiveexidpicodehehavairemshascean for a

ti me beyond tha% g@%c&t%@ Eﬁguki)éei[ c%Qe;l d etatg:g %ﬁg a\rgﬁt‘l%s gfan mean that
sonmeone has fai Ul e mcroprocessor
det er mi ne 1% hat fPFoﬁPﬁ%VJc‘%ﬁwtth%@&tPoFr%?%m't?d ifheRefeht SEoFB95 " X' the
m croprocessor wohlitehs est it fYasm tAeershowa tihafspgutead, akhem si gnal :
I dentifying thel@@&frreceiver may compute daily, weekly, monthly,
quarterly, etc., totals for the volumetric flow and
energy (BTU) use for each unit, and can issue alarm
15 signals (by audible alarm or telephone to a security
location, for example, identifying the unit and the
water consuming device subject to the alarm signal.
Each receiver could, for example, have a visual
readout or it could be connectable to a hand held
20 terminal which <can read out the data. By
transmitting volumetric flow data from the monitors
to the receiver each day, the receiver can determine
that a monitor is not operating which could indicate
that the monitor battery has died, etc., or that the
25 . monitor has been tampered with.
The local receiver may also implement the
"algorithm disclosed in figure 7. It can determine a
rolling volumetric flow average/unit of time ("T" may
be 30 or 60 days for example) and first compare that
30 with the calculated current volumetric flow/unit of
time. Where it exceeds the rolling average by X%
which indicates the a faucet is-leaking, for example,
the local receiver will send a maintenance signal.
A second comparison can also be made to determine
35 whether the current volumetric flow/unit of time
exceeds by Y% a standard for that device. Should the
difference exceed this variance, the local receiver
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consum ng device, to the receiver which indicates that the device has been
left open so that immediate action can be taken to-correct the problem
The 30 alarmsignal can be transnitted to a local receiver —whith—coul d be
a general alarmsystemfor the home which would anngunce—the—condition or
it could be further transmtted to a renote receiver which could be at a
home security conpany which could take 35 appropriate action or it could be
a part of the water. . ysage systemfor a nultiple unit building as

descri bed herei n.W*tti $“8P§oR i THAtCAANEP sBiB@L.- 7 conputed with a nunber of
"X' and "Y' values ( 'THz aeckivVét', 'ix?ﬁ?"i@nds&a{ltgjjesg $Eo%‘?‘”p1:8ﬁl :ggecgge
fill rate can be&RAsgn Aty .different rates. ese varila

al so be defi ned %url ngﬁi %@t%ﬁ%ﬁaﬁﬁgﬁy‘sy?e& JGF aFRAFS REnavbREgeT e menory
in the nmonitor. I¥ioRBagpantsegren)| fostamtiodivhdialjures draadadme a radi 0

(local) recebver (fagtirer cmr.OCe%SQﬁorlliftQ{r @(ﬁl}pl‘g%m cgoga@ﬁt;,g:g%o\r/e(?ir\gure
decode the transm radl.o.signal ca ocat ed on eac .

6) 10 for recei V[Hr%ks:%g 5%?%8%%%5% t‘foe"}r}dfb(re%eméiafc hesaFontidts on its
floor. As shown iT¥PPlYhPE 6-he hevatiescakonewsingr demyjceanpsbe thd y, weekly,
nont hly, quart entotumeteic fI&vﬁld&tB,Oéoﬁ]hié b\éptygyférﬁilt%efdl 913/_ %Inpocaﬁ'ner gyr (BTU)
use for each unit i8S Si gna audi bl e al arm o

t el ephone to_a sr(?l?r%?tqigqf}blc%t P(S;Ll}lﬂ gr@e%%iaﬁ%lq@?t?’a%n%}}? FRY“E M ni t and
the water ?:%nsuﬁi%lﬁgv‘?%é’%ﬂﬁbﬁéétw@bl@ Hésup armasingealk Lat Eaxtrmecei ver
could, for exanplo whdueesandes udlgnaleadputny devieaul drhes cennest able to a

hand held 20 ter rQ]_%@' i%hgprgt‘:iéb raealgonoil‘i:tort %%mqgég'éamByof the water

meter WM - 11. This monitor can implement the
algorithm of figure 5 to detect a break in any
15 downstream water line such as could happen as a

result of earthquake or freeze damage, for example.
By comparing the volumetric flow/unit of time of this
common monitor (figure 9), with the total/unit of
time of all the dedicated monitors, an internal leak
20 can be identified (a variance of X% would indicate an
internal leak). Maintenance and alarm signals can be
issued by the local receiver and optionally the local
receiver can communicate with a remote receiver in
the form of a security company or to the monitoring

25 or billing system to obtain assistance..
As shown in figure 10, the multi-unit building
'may have a plurality of local receivers hard wired in
series (or connected on a phone line) to a base local
receiver (the local receiver located on the
30 superintendents’ floor for example), with the base
local receiver presenting the data for all the local
receivers. Instead of phone lines or wires, a radio
(custom or PCS system) could transmit the data from
one local receiver to other local/remote receivers.
35 The total volumetric flow and energy use for an
individual unit can be computed by each of the local
receivers or all computations can be performed by the

-9-



t r ansmtti-ng—velurret++cftowdata fromthe nonitors to the receiver each
day, the receiver can determne that a nonitor i-s not operating which
could indicate that the nonitor battery has died, etc., or that the 25 .
monit or has been tanpered with. The | ocal receiver may al so inplenment the
algorithmdisclosed in figure 7. It can determne a rolling volunetric

fl ow average/unit of tinme ("T" may be 30 or 60 days for exanple) and first
conpare that 30 with the cal culated current volunetric flow unit of tine.
Where it exceedsaschdocel| receiatear aghl tyrndie lvhi bch rdiocegeesoedk a faucet is

| eaking, for exadii®er LA BOnnbBEEH MY pwirhuérandmal rakNbenance signal .
A second corrpav\;‘ rl[can al so bgg(made g det rmone 35 whet her the current

vol unetric flo ISFeLVRES B5RE0s by YU & standard for that devi ce.
Shoul d t he di fiel earceivgctad@ £HPY a\/a‘Ppaﬁ@é bufch@nlbcr@lcerléf@eii?f’é? -8 rr

Will issuesa MafRdenaRee se@BdtersN@ecetebyLIveddiviihg GbtRl €sbmform could
contain anlnforma,tlonsstem( paLd of a._lar i nf tion systerr)
for an indivi ddSP AR o%lguﬁe £)5)5 (f1 e bas§) e eg%r !LQ %%ghémul d not'
have to nonit orenaigpseaeives .. cﬁMcreb’@tgl%ﬁf@weﬁ éﬁ%:m\lqu Aé) S¥Pplying the

wat er consum NgpAMIdees Eddle wivdH FBiniugi ddtew ook preme Uinestransnitted
to a local recelver, wh ngX‘P%fdlg‘éEfréﬂdfo W?Sﬁxg'fé w?é%l%‘f'scgn&"as 10

| eaki ng or open a%d ABufa"rTesue an a mal nt enance
signal forl% hatadJé@ﬁQ:JéferrHPslPF'@hr’éece&I"%f|FI}&%‘E? a’t‘é’?larﬁﬁﬁﬂ’ﬁ downst r eam
of the water ngtes Y®hotd lreddiiverivrihobpeaate nphenkat dabe and

prepare, bills for water, energy and sewer use for
each reporting unit which can be sent directly to the
individual units or to the buildings for distribution
15 as well as support reporting of leaks and open

faucets, etc.

A:\SARRWMS .ALL
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such as coul d happen as a result of .earthquake or freeze damage, for
exanpl e. By conmparing the volumetric flowunit of time of this conmon

nmonitor (figure 9), with the total/unit of tinme—ef—all the dedicated

nonitors, an internal |eak 20 can be identified (a variance of X would
indicate an internal |eak). Mintenance and alarm signals can b i ssued

by the local recejpygr @ne19pLb@NAllY the local receiver can co ni cat e
with a renote receiver in the formof a security conpany or to the
monitoring 25 or billing systemto obtain assistance.. As shown in figure
10, the nulti-unit. buial dyBgemnByr hﬁtﬂﬁ@rﬁh?r@ié) tageofoflbggegfr%?gyers hard
wired in series C e phone Iine) tq.a base_|ocal receiver
(the I ocal recei vié%ﬁtqga}%e&'%ggv?ﬁlelgﬁou%%peﬁ it ST 82| BB LRSRI exanpl e)
with the base | o&reddcediffer™phtdsantt nui hdinmt &s f enpplied heateral

recei vers. | Bsteafirad aplontohi 86Srdy Atdr eaidfiixﬁm}i‘auaﬁ.cilﬁlenhé’f £CS system

could transmt t t r e local .receiver to other |ocal/renote
recei vers. 35 Thﬁ%%&?t%ocg%g Fcc?qsé‘\ﬂ}lgﬁaset(ﬁ‘l‘&:ﬁeﬁseé‘q?bF’uBRll‘?‘ﬁdi vi dual
unit can be conpUfePlsy Bach RFfLrt B Water pimescispppiied &rbmceapdit ations

can be performed dymidhe soubcdaseonpeéalingecei ver. Alternately, such a base
| ocal receiver can be conpe in parallel with the other | ocal

recei vers (figure 11) . Th% g“t&ggt%cgﬂr/er‘“°&é§°r’rfb‘i P}é%ei"\?gu‘aﬁ'f’él? rom a
moni tor but 18nl y ¥&¥eithEcongh aeach refmseddarvater adimess erebepfessid ecei vi ng
data from nonit aichiftbirguigclhiZdinglhe. base receiver is then a renote

receiver. The rempte receiver (Jééyér%o}3ée€é¥ﬁining the volumetric
flow through the pipe, and

means for periodically transmitting a

15 gignal encoded with the volumetric flow of the pipe

and the identification of the individual unit in
which the pipe is located,

remote receiver means for receiving the

encoded signals from each of said monitors and

20 computing a total volumetric flow of water for said

individual unit for a selected period of time.

2. A system for monitoring.the use of water in at

least one individual unit of a multi-unit building

according to claim 1, wherein sald remote receiver
25 “means comprises )

a first remote receiver for receiving the
encoded signals from each of said monitors and
periodically transmitting volumetric flow data for
said monitors, and

30 a second remote receiver for receiving the
volumetric flow data from said first remote receiver
and presenting the total volumetric flow for said
individual unit.

~-11-



provi'de a database which comuni cates via phone ines wth any nunber of

| ocal and/or renpte receivers and 10 a receiver (atocal—freceiver— a base
l.ocal receiver or a renpte receiver) can operate on the data andy, prepare,
bills for water, energy and sewer use for each reporting unit whﬂch can. be
sent directly to the individual units or to the buildings for distribution
15 as well as support reporting of | eaks and open faucets, etc.

A\ SAARWVS. ALL -10 What |Is Clainmed Is: 1. A systemfor nonitoring the use
of water in at 3teas? sfftamdieyi derltaming sheauasl of -watier Boi RHing wherein

the nulti-unit buaseli dige i snéipRluagdunat ebs Saf e a-GoMLigAdhge and said
oot | 2! § 2088 dind ! AL 10T RIS GONPUTALSLLUE! HeCRo o0

supplied by one or pés su comon
source, conpri sFﬁ@PJélﬁfﬂ?matnoFFf 6¥a¢ﬁ¥ﬁlttt6i’-‘| ng the volunetric 10 flow through
each of said water pipes, each of said nonitors including neans for

det er i g, theg ol Uekid e EhaMebT oS DeePLBE AN Bans Lo

perlodlcallytransm vol unetric flow of
the pipe and tﬁéaﬁﬁe®%¢fiQ§ﬁW#9¥aéfuﬁhé PRdRvIaLET Wit BuilddABch t he pi pe
is located, renmateordne) \ter creansz2for receiving the encoded signals from

each of said nonitors an ONMuuLigng al tric f of wat er
for said indivi d”{i‘il unit q’ %glﬁ rTFl%réle(czit ed%]té%t od r\é?l)??en_e-fé%:ellvgw
com Bes

10 an RF receiver for receiving the
encoded signals transmitted from each of said
monitors and _

telephone means for transmitting the
volumetric flow data for said monitors, and

15 wherein said second <remote receiver
comprises telephone means for receiving the
volumetric flow data transmitted by said first remote

receiver telephone means.

5. A system for monitoring the use of water in at

20 least one individual unit of a multi-unit building
according to claim 2, wherein said first remote
receiver comprises means for computing a total
volumetric flow for said individual unit and saild
periocdically transmitted wvolumetric flow data for

25 "gaid indiviaual unit comprises said total volumetric
flow for said individual unit.

6. A system for monitoring the use of water in at
least one individual unit of a multi-unit building
according to claim 2, wherein sald periodically
30 transmitted volumetric flow data comprises the
volumetric flow for each of said monitors and said
gecond remote receiver comprises means for computing
a total volumetric flow for an individual unit from

said transmitted volumetric flow data. S

-12-




2. A'systemfor
unit of a multi-unit building

recei ver

encoded signals fromeach of said nonitors and periodically transm-tting
volunetric flow data for said nonitors, and 30 a second renote receiver

nonitoring-the use of water in at |east one individual

according to claiml,_wherein said renpote

25 means conprises a first renote receiver for receiving the

for receiving the volunetric flow data fromsaid first renote receiver

and presenting t
Il 3. Asystemf

nonitoring the u

e total volumetric flow for said individual unit.

-11

r mofti FEPTRY f9%e "eRdteringitde nReapf waken isnati ndivi dual
unit of a multi- deiastbonkdingivadedr dimg of @ aulti-unhereiica

ransmtting reanscccatyl sey AR LeansLlan Bada Askel e

sge  of

@k or
5t one i ndi vi dual 0

i n
mul ti-unit bU|IdHﬁ§er5&EHWﬁlﬁBe d°&P§PE¥EP flﬁheFéFﬁ“@%léhﬁlﬂé@erennte

recei ver

copri sespifsen REurddakvElow ateteecei Vi ng t he

transmtted fromeach of said nmonitors and tel ephone neans for

transmtting the

nmeans.

10

15

20

25

30

volunetric flow data for said nonitors, and 15 wherein
sai d second renote refefYarem EaMPRALOF % i ESReahsWItRT Hacaitvi ng t he
vol unetric flow dagatt vassdhtitetthby saiid oifr st mueeDteniy efeiNEmgt el ephone

according to «claim 2, wherein said means for
determining the volumetric flow through the pipe

comprises a vortex flow meter.

9. A system for monitoring .the use of water in at
least one individual unit of a multi-unit building
wherein the multi-unit building according to claim 1
wherein a plurality of individual units is monitored.

10. A system for monitoring the use of water in an
individual unit of a multi-unit building according to
claim 9, wherein saild first remote receiver comprises
means for computing a total volumetric flow for each
of sald plurality of individual units and wherein
said total volumetric flow for each of said plurality
of individual units comprises said volumetric flow
data.

11, A system for monitoring the use of water in an

individual unit of a multi-unit building according to
¢laim 10, wherein said volumetric flow data comprises
the volumetric flow for each of said monitors and
said second remote receiver comprises means for
computing a total volumetric flow for each of said
individual units. '

12. A system for monitoring the use of water in an
individual unit of a multi-unit building according to
claim 9, wherein said means for determining the

-13-
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5. A systemfor—monitoring the use of waterin at~ 20 1'east one indi vi dual
unit of a multi-unit building according to claim?2, wherein said first
renote receiver conprises neans for conmputing a total volunetric flow for
said individual unit and said periodically transmtffd volunetric flow
data for 25 said individual unit conprises said totalllvolunmetric flow for
said individual unit. 6. A systemfor nonitoring the use of water in at

| east one individual unit of a nmulti-unit building according to claim 2,
wherein sai d pervaodinegiriy 8Dow rdmenpht etk wdbanedtipel delsow ehatigirgonpri ses t he
volunetric fl ow §Q4w @R¢RO0f said nonitors and said second renote receiver
conprises neans for conputing a total volunetric flow for an individual
unit from said transmtted volunetric flow data.--12 7. A system for
nonitoring the use oft wakeeni homtmordigagsingriehd ndieviofuahteniin ofn a

mul ti-unit buil difigviREEer e oko; qd@tm%umﬁ&@aﬂng %!c%o?ﬁ@ﬂ& dpr
determ ni ng_t he volume%nrlcflo t hr oug rrprlsesaturblne

flow meter.>8. A et f 8RB té’tallag “’ter?é‘sus‘!éprof dgks ’E’Pr’ilﬁgatt 4 east one
i ndi vi dual unit woflumetmiici £Uowt timaugli hge atporabimpgiteschavortEx wherein
said neans for gelemdcri-ng the volunetric flow through the pipe 10
conprises a vortex flow neter. 9. . A systemfor nonitoring. the use of
water in at |east one individual unit of a nulti-unit building wherein
the multi-unit bW diPngszecerdifirg t vomlitaining @heradiexr acphsumingy of

i ndi vi dual 1gni tssﬂxsldm%t gissh 1 b b10a MuthStRPel QbmpRIitiyr i Ng the use of
water in an

means for determining that volumetric
flow through the pipe has been continuocus during a
predetermined period of time,
gaid predetermined time being selected
15 to be greater than a period of time during which
water should be flowing continuously through said
pipe, and
means for transmitting an alarm signal
in the event that it is determined that flow to said
20 water consuming structure has been ‘continuous for
said predetermined time.

15. A sgystem for monitoring a water consuming
structure according to claim 14, further comprising
remote receiver means for receiving said

25 :signal and presenting the signal, so that corrective

action can be taken.

16. A system for mwmonitoring a water consuming
structure according to claim 15, wherein said remote
receiver means cowmprises
30 first remote receiver means for receiving
and retransmitting the signal, and
second remote receiver means for receiving
the retransmitted signal from said first remote

receiver means and presenting said signal so that

-14-
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i ndi vidual unit of a nmulti-unit building according to claim9, wherein

said first remote receiver conprises neans for conputing a total
volunmetric flow for each of said plurali tuLof i ndi vidual units and wherein
20 said total volunetric flow for each of idplurality of individual
units conprises said volunetric flow data. 11. A systemfor nonitoring the
use of water in an individual unit of a multi-unit building according to
25 claim 10, wherein said volunetric flow data conprises the volunetric
flow for each of erneardnet arsi@ndcdanshedtalegnnd renote recei ver conprises
means for conputing a total volunetric flow for each of said individual
units. 30 12. A lsjlﬁtegtfor goni tcfg)ri nﬁ the yse of water in an |ndividual
unit of a nulti-uhit Bui FEFRT™ adSsr dMAGEEF 2081 aft m P ESFheFERFURERY neans for
determ ning the stEatairgneaccerdingy thr oagain hel4ni peheovajmi sesida t ur bi ne
flow meter. 13. Astsh@®eing G004 QoBIi4de dis RFOL- ARSI iR @an i ndi vi dual
unit- of a nmulti-unit building according to 5 claim9, wherein said neans
for determning the volunetric flow through the pipe conprises a vortex
flow neter. 34. A8&ystremsiatempriicror monl teoxdaiiger a c oresei ngond@nixig uct ur e

supplied by a wat@rRitheeCo8Ps+Siddd tBeaS £ Ofg determ ni ng that volumetric
fl ow t hrough the pipe has. bgen conti g(goggrrduri ng a predeterm ned period of
I

time, said predeterm ned tFREFHH n§2 88 IOt FE§EEEerfhan a
period of tine dwegejwimigchand retransmitting the alarm signal

comprises

10 an RF receiver for receiving the alarm
gignal transmitted from said transmitting means and
telephone means for retransmitting the
signal and
wherein said second remote receiver
15 comprises telephone receiver means.

19. A system for monitoring water flow in a building
having water using structures supplied from a common
pipe, comprising
means for determining that volumetric
20 flow through the pipe has been continuous during a
predetermined period of time,
sald predetermined time being selected
to be greater than a period of time during which
:water should be flowing continuously through said
25 pipe, and
means for transmitting ah alarm signal
in the event that it is determined that flow in said
common  pipe has been continuous for sald
predgtermined time.

30 20. A system for monitoring water flow in a building
having water using structures according to claim 19,
further comprising

remote receiver means for receiving said

-15- e



wat er -shoeutd—be fHowng—continuousty-through—said——pipe, —and means for ~
transmtting—an—alarmsignal in the event that it.is determ ned that flow
to said 20 water consumi ng structure has been 'continuous for said
predetermined tinme. 15. A systemfor nonitoring a water consunmi ng
structure according to claim 14, further conprising renote receiver neans
for receiving said 25 signal and presenting the signal, so that corrective
action can be taken. 16. A systemfor nonitoring a water consum ng

structure accor diirgatloand apraskhrinberiei Rigahd, rRMBHE: EQGRINEKeMEBANS

conprises 30 firgl i .gMRLE BEGeh WG nMeans for receiving and retransmtting
the signal, and second renpte receiver nmeans for receiving the

retransmtted signal fromsaid first renote receiver means and presenting
sai d signal so tHat A-dfstlen FoXiomiabiead v eaCEion igan halaaken. 17. A
system for noni torisng 8 .cQn ' t .e _accordi.n o claim 14,
wherein said tranén%tt?%@gﬁégﬁg %%ﬁ%??%&% %%aﬁgﬁﬁ'agénéf%%fg%S 18. A
system for foni t"BYFRETaSHER SFeTOER TR Hy oTs PPaR® IFAPIEE6~di ng to cl ai m 16,
wherein said first renptefimteirneabtéorecdiBRel eafs afek reddeaRgRbt ting the

alarmsignal copyr E§§§ar19n&"ci§§ Eﬁgeéivg%%lt oL & eceiving the alarm
second remote receiver means for receiving
the retransmitted signal from said first remote
10 receiver means and presenting said signal so that .

corrective action can be taken.

22. A system for monitoring water flow in a building

having water using structures according to claim 185,

wherein said transmitting means comprises an RF
15 transmitter.

23. A system for monitoring water flow in a buildiﬁg
having water using structures according to claim 21,
wherein said £first remote zreceiver for
receiving and retransmitting the alarm signal
20 comprises
an RP receiver for receiving the alarm
signal transmitted from said transmitting means and
telephone means for retransmitting the
"signal and
25 wherein said 'second remote receiver
comprises telephone receiver means.

24. A system for monitoring a water consuming
structure supplied by a water pipe comprising
means for determining the current
30 volumetric flow through the pipe during a
predetermined period of time,
means for comparing the dJdetermined

volumetric flow for said predetermined period of time

-16-
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signal transmtted fromsaid. transnitting means and tel ephone neans for
retransmtting the signal and wherein said second-renote receiver 15

conprises tel ephone receiver neans. 19. A system for -nonritoring water flow,
in a building having water using structures supplied froma comon pi pe,

conprising neans for determ ning that volunetric 20 flow through the pipe
has been continuous during a predeterm ned period of tinme, said
predeterm ned tine being selected to be greater than a period of tine
during which wawéthshoukdfbeefit@Wvdgueottiduausky tdy odghasaishe 25 pi pe,

and means for tr gesaLidifih i pRiAbd s gk, Liathe event that it is

determ ned that flow I n sal conmon_pi pe een continuous for said
predeternined time. 30 20. A sJ&€fRn foF GHANSESEE KBS wat Baistengriae a buil di ng
havi ng wat er usi sggs4l udhureds asvemitdi tithtd osidi @edrmirdddr td@fres@NPri Si ng
renote receiger (e T | W L d: 5 - ' | - and .presenting the
signal, so tglhat gg?‘?ﬁ%%%vce fq%?t ?ék)l%g%%ﬁé%ed tpz]il%éi%}:éﬂggid slil%ﬁieor% P%r

noni tori ng wat er SFPBVPFTReEsH PG FRE SURAFE YO e igs EAgw so daddes
according to cl aeam@0 prefenbhentied SpetiddNoEe HigRei WPl aNBFdlSe H@QPr | Ses
first renote recghygke Means for receiving and retransmtting the signal,
and

25. A sgystem for monitoring a water consuming

10 structure according to claim 24, further comprising

remote receiver means for receiving said

maintenance signal and presenting the maintenance
signal, so that corrective action can be taken.

26. A @gystem for mwonitoring a water consuming
15 structure according to claim 25, wherein said remote
receiver means comprises .
first remote receiver means for receiving
and retransmitting the maintenance signél, and
second remote receiver means for receiving
20 the retransmitted maintenance signal from said first
remote receiver means and presenting said maintenance
signal so that corrective action can be taken.

27. A system for monitoring a water consuming
' structure according to claim 24, wherein said
25 transmitting means c¢omprises an RF transmitter.

28. A system for monitoring a water consuming
structure according to claim 26,
wherein said first remote receiver for
receiving and retransmitting the maintenance signal
30 comprises
an RF receiver for receiving the
maintenance signal transmitted from said transmitting

means and
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second-renote Tecerver means 10r receiving the retransmtted signal from
said first renote 10 receiver means and presenting said signal so that
corrective actian can be taken. 22. A systemfor nonitoring water flowin a
bui | di ng havi ng wat eL usi ng struct [es according to claim19, wherein
said transmtting nmeans conprises aliRF 15 transmtter. 23. A systemfor
nonitoring water flow in a building having water using structures
according to claim?21, wherein said first renote receiver for receiving
and retransmtting the al arm sejaphone2fiemionfiotr yes ranskFtt aeetuer for
receiving the alarme.signalgihapsmdted fromsaid transmtting neans and

t el ephone neans for retransmtting the signal and 25 wherein said second
renote receiver conpriseSEELBphEREdr e EOPER eSS Te24 Te8edy&Fem f or

noni tori ng a watemprdssumealgphshe uctagisesuppdned by a water pipe conprising
means for determning the current 30 volunetric flow through the pipe
during a predeterm ned period_of tine, neans for _conparing the determ ned
volunetric 11 ow?for 8aiWiheBdef e mPBdtpEFi%d of “BFfE < ™ith a

ref erence vol unetrictitewdamordand store clpdedeér i wisakeger | ®didf tine, and

means for transpickbifge@ PBIHAIRCE1IS ARala 1o 1he e¥SRindthat said
det er m ned curr%%w average

30. A system for monitoring a water consuming

10 structure according to claim 24, wherein said
reference volumetric flow is a standard volumetric
flow average.

31. A system for monitoring the use of heat energy
in water devices in an individual unit of a multi-
15 unit building wherein the multi-unit building is
supplied water from a common source and said
individual unit has a plurality of energy consuming
water devices each supplied by a water pipe supplied
from said common source comprising
20 monitor means for monitoring the flow
through each of said water pipes, each of gaid
monitor means including
) means for determining that successive
volumetric flow units have flowed through said pipe,
25 means for defining the heat energy of
each of sald successive volumetric flow units,
means for computing a total heat
energy for said successive volumetric flow units, and

wmeans for periodically transmitting

30 gaid total heat energy for gaid successive volumetric
flow units, and

remote receiver means for recelving said

total heat energy transmitted from each of said

~-18-




5 vol unetric flow during said predeternined period of tine exceeds said
or said same predetermned period of tine by a

ref erence vo
sel.ected anount
structure accord

for receiving sald maintenance signa

signal, so that
a water consumn
recei ver neans c

remote receiver
corrective actio

nmeans conprlges
consun1ng struc
receiver for re

25. A system for nonitoring a_ water consum ng

10

ng to claim24, further conprising renote receiver neans

corrective action can be taken. 26. A systemfor

and presenting the nai ntenance

noni tori ng

15 séruct re according to claim?25, wherein said renote
g%b Yf|°r t PPRHOEE | SREPUERES o oFotadceheathg  and
retransmtting thensrgmtusearfor segdaindbniduadecatd feaDhestBeetH&Er NMEANS
for receiving 20 gdwedeirapsgitted maintenance signal fromsaid first
nmeans and presenting said nai ntenance signal so that
n can be taken. 27. A systemfor nonitoring a water
consunmi ng structide dceystengfon mdrditor2dg mrmmeno&ahdatZEnéfgﬁﬂsm tting
2k R AR bLEr 1n 20 AEXSLEN |06 G0DLL QT LO0:A vat er

ereln sard |rs %ennte

ture ing to clai
CHHF %‘éﬁ&nﬁeﬁ"é‘%ﬂ%‘ﬁl thelmed ht evaerelinsi savd

30

conprises an RF rgheialétyf of asmgyvcagsﬁrﬁelg watéimeﬁssnﬁaﬁhdéé ansm tted
fromsaid transm gi '1 st”%ﬁ@shéé‘dw%féxe%ﬂgﬁzp%%ﬁ% ' éPfféénﬁt

mai nt enance Sl gn

10

15

20

aI wherei n sal d secon recel v
hot water pipe, and wherein said monitor means

comprises a single monitor.

33. A system for monitoring.the use of heat energy
in water devices in an individual unit of a multi-
unit building according to claim 31, wherein said
plurality of energy consuming water devices includes
at least one heating/cooling device supplied by a
water pipe, and wherein said monitor means comprises
a monitor on either sgide of said heating/cooling
device and said remote receiver means computes a
total heat energy use for each heating/cooling device
by subtracting the total heat energy of one of said
monitors from the total heat energy of the other of
said monitors.

34. A system for monitoring the use of heat energy

:in water devices in an individual unit of a multi-

25

30

unit building according to claim 32, wherein said
plurality of energy consuming water devices includes
at least one heating/cooling device supplied by a
water pipe, and wherein sald monitor means comprises
a first wmonitor on one side of said heating/cooling
device for determining the temperature of the water
and a second monitor for determining the volumetric
flow through the pipe, and determining the
temperature of the water} sald second wmonitor
connected to said first monitor and further including

I ng the
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conpri-ses—tetephone Tecer ver neans.” 5 29. A systemfor nonitoring a water
consum ng structure according to claim?24, wherein said reference
volunetric flowis a rolling volumetric flow average. 30. A system for
nonitoring a water ﬂonsum’ ng 10 sfructure according to claim 24, wherein
said reference volunetric flowis® a standard volunmetric flow average.
31l. A systemfor nonitoring the use of heat energy in water devices in an
i ndi vidual unit of a multi- 15 unit building wherein the nmulti-unit
building is _Supriﬂeiaael et ecofpom @y contarals cureegyandesaifd eaichdioi dual uni t
has a plurality {f JeHeL Oy <G RSHI (ke YBL L, vﬂﬁﬂi@@%y‘a@ﬁ‘fmm@d by a wat er

pi pe supplied from sal d conmon source co risin noni t or “means for
moni toring the fhgwEeTRETRIgHegath %ﬁ‘l%aﬁla' #=f %icﬁé’él @R - sai d
nonitor means including neans for determ ning that successive volunetric

flow units have jid ovgdg {;@ééw%xsaibql%% t4d HE@”éffﬁéa@eédéngQ the heat

ener gy of each of sai d successive volu [ ci ow uni ans for

conputing atot 4 HB&EY ESREIGRF figt Whjipadyidedsivevdl r?et“? 1low units,
and neans for pmmitodudabiygt ransmiing rop 3@lasia B4 otwilededat senidrgy for said

successive vol unBlie r&dOWMNbsins 30 J8HREE recei ver nmeans for receiving

said total heat ener tra smtted from - '
gy irst remote reéﬁyggrogo%akgceléinglghe

total heat energy from each of said monitors and
10 periodically retransmitting heat energy data for said
monitors, and
a second remote receiver for receiving the
heat energy data from said first remote receiver and
presenting the total heat energy of the hot water for
15 gsald individual unit .

36. A system for monitoring the use of heat energy
in water devices in an individual unit of a multi-
unit building according to claim 35, wherein said
first remote receilver comprises means for calculating
20 the total heat energy of the hot. water for said
individual unit for a selected period of time and
said total heat energy for the individual unit
comprises the heat energy data transmitted from said

first remote receiver to sald second remote recelver.

25 37. A system for monitoring the use of heat energy
in water devices in an individual unit of a multi-
unit building according to claim 35, wherein said
second remote receiver comprises means for
calculating the total heat energy of the hot water

30 for said individual unit for a selected périod of
time and said total heat energy for each monitor
comprises the heat energy data transmitted from said

first remote receiver to said second remote receiver.
N

— « ..
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plural ity of nmonitors and conputing a total heat energy use for said
individual unit for a selected period of tinme. 32.- A systemfer=nfenitoring
the use. of heat energy 5 in water devices in an individual unit of a
multi- unit building according to claim 31, wherein|said plurality of
energy consum ng water devices includes at |east ohe hot water consum ng
devi ce supplied by a hot water pipe, and wherein said nonitor neans 10
conprises a single nonitor. 33. A systemfor nonitoring-the use of heat
energy in water tevi Ce§YPREANE ARy kY 1dnatt upit ol mrltiminithui | di ng
according to cl aivnidfinghefein satialr piser abhéyeiadf emer gputONSHUENY wat er
devi ces incl udes :least | j C i ng device supplied by a

wat er pi pe, and V\%%rlgitlr?bsg?ds%ﬁ%ﬁuﬁgggseg%&nﬁqicsotené“onas?’r"bﬁ% dF%n ei t her
side of said heat$Hgl cdBRHHY ey MBdt antR&sapd PERIAIE tecef veratmaans
conputes a Bot alcdmaimiegesgyuetseresokaenchusidladn i cont i oY deydize 20 by
subtracting the t t g i d itaors_fromthe total
heat energy of thée¥ g%%g‘?@o?fﬁ%%i guﬁé}%ﬁfégrgon@%ﬁg g%h"éo%’ f T ot t or i ng the
use of heat ener fP™¥#%@Fer devices in an individual unit of a multi- 25
unit building according toach@nitd2, febemdhitsdinl Ptk abbiymairner gy.
consum ng water J I l{%ﬁa t e inglcool in evi ce
supplied by_a vvadj’tel\eerwC Sﬁ%gg&gn 8?ef+1.§cgz'{a§%%p%¥$‘%}} Sﬁggﬁgg% C’:Lses a
first nonitdf.on Yneseide VRt GoREURING/ C6BLre® 3Gaghvied feaidiet er mi ni ng
t he tenperature afortitereatetluding; a second nonitor for determning the = -

volunetric flow through the pigen.and, d§LEeLMiNiNg LhE volumetric
flow through the pipe, and . '

means for periodically transmitting a
15 signal encoded with the volumetric flow of the pipe
and the identification of the individual unit in
which the pipe is located,
remote receiver means for
receiving the encoded sgignals f£from
20 each of said monitors,
defining a total volumetric flow of
water for said individual unit for a selected period
of time, and
computing a water consumption charge
25 for saild total volumetric flow of water.

39. A gystem according to claim 38, further
comprising " means for preparing a bill to the
individual unit for said water consumption charge.

40. A system according to claim 38, further
30 comprising means for forwarding said bill to the
individual unit for said water consumption charge.

41. A system according to claim 38, wherein said
water consumption charge includes water and sewexr

costs. -
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t enper at ure—of the water; sai d second nonitor connected to said first
monitor and further including -19 nmeans for conputing a total energy use
of each of _ said successive volunetric flow units by differencing the
tenperatures of said first and second nonitors. 35. A systemfor
monitoring the use of heat energy 5 in water devices in an individual unit
of a multi- unit building according to claim34, wherein said renote
recei ver neans conprises a first renote receiver for receiving the tota
heat energy fromaachkh cysard amwertiong andcldin pes) odherdiry s£id ansmitting

heat energy dat a-dxteS@ede i VORI {ddS: cg@rﬁe%econd renmote receiver for
receiving the heat ener gy ata fromsaid fjrst renote receiver and

presenting the total heat e &Yy T ARe TROTVRR % RCeA%IRR; PS ndi vi dual
unit 36. A syst eendagiednoeigmalisngfrbe esehofotheahiéneragyitorna waider devices

in an indi vidual pdifiidai@h &y Mikbhsm it hgbWich dhog: A€ COI S} Reh 0 1]94 Al m 35,
wherein said first rem)te recei ver conprises neans for calculating 20 the

total heat energif“(fjf "ORECREE: Wt er for said individual unit for a
sel ected period of tinme aadsegaidrenbtd recativenefqyy receivihegitidi vi dual unit

conprises the heal: fRer9¥ £ ahtaNSITd gsﬁdff&%hsn?é&tef LLeliysote receiver
to said second renp oiee rec iver. 25 37 |tor|n ‘the use of

heat energy in St F’e88§ FETOLR ’é%ceiiﬁ’&ffv?%ff’geis&ﬁ?ts ZEROP 52T uni t
bui | di ng aé@or digapoud ivbarnwadser wmeyseinpt $an dcharmeopddr eabd emeatei ver

conprises neans #&f pregheithdtdmiy fohtateiyd fgatpvenergy of the hot water

43, A system according to claim 38, wherein said

transmitting means comprises an RF transmitter.

44. A system according to claim 42,
15 wherein sgaid first remote receiver
comprisges
an RF receiver for receiving the
encoded signals transmitted from each of said
monitors and
20 telephone means for transmitting the
volumetric flow data for said monitors, and
wherein =said second remote receilver

comprises telephone receiver means.

45. A system according to claim 42, wherein said
25 first remote receiver comprises said means for
computing a total volumetric flow for said individual
unit and said periodically transmitted volumetric:
flow data for said individual unit comprises said

total volumetric flow.

30 46. A system according to claim 42, wherein said
periodically transmitted volumetric flow data
comprises the wvolumetric flow for each of said
monitors and said second remote receiver comprises

-
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30 for sard rndividual unit for a selected period of tine and said total
heat energy for each—momitor ~conprises the heat energy data transmtted
fromsaid first renote receiver 4o said second renote receiver. -20 38. A
system for an individual unit of mul ti-unit building for water use
wherein the multi-unit building-1s supplied water froma comon source and
said individual unit has a plurality of water 5 consum ng structures each
supplied by one or _a pair of ter pipes_supplied fromsaid commopn source,
conprising a nonfE8Pef 67T nBATRYr™Hg & FEtEL| ViretRatEict IEd@wt KPBugh each of

sai d wat er pipesisdppiduaiguedthfroblsaid sandsmitesd conauat fig: deyivces, each
of said nonitorgakpcluding neans for determning the volunetric flow

t hrough the pipe, and neans for periodically transmtting a 15 signal
encoded with the volumetric flow of the pipe and the identification of the
i ndividual unit BA. whisgsteme fpr peormtingatios wateriel dieatievekgpeans for
receiving the engdedeshanghaidiQuh 18a5h of naft £ LOLSa ST i ni N a
total volunetric flow of water for said individual unit Tor -a el ected
period of time, YafHSHonphei AYLEL vt RbdSiAst ilen amedded »stesr said
total vol unetricftbowaotommtrersoudde Andyshemadiwidlianguhetchasm38, further
conprising meanspi gfa PEPALENERB! loohBubiiy water devices each

supplied by a water pipe supplied from said common
10 source, comprising

monitor means for monitoring the flow
through each of said water pipes, each of saild
monitor means including
means for determining that successive
15 volumetric flow units have flowed through said pipe,
means for defining the heat energy of
each of said successive volumetric flow units, and
means for computing a total heat
enexrgy for said successive volumetric flow units, and

20 means £for period%cally transmitting
said total heat energy for said succesgsive volumetric
flow units, and

remote receiver means for
receiving said total heat energy

25 transmitted from each of said plurality of monitors

for said successive volumetric flow units, and
computing a total heat energy use for
said individual unit for a selected period of time.

48. A system for computing the water related energy

30 use of an individual unit of a multi-unit building
according to claim 47, further comprising means for
computing a heat energy charge for said total heat
energy use.
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i ndi-vi dual~——unit—for—said water ‘consunption chargé. 40. ASystem accordi ng
to claim38, further 30 conprising nmeans for forwarding said bill to the

i ndi vidual unit for said water consunption charge. 41. A system according
to claim38, wherein said water consunption charge includes water fnd
sewer costs. -21- 1 42. A systemaccording to claim 38, wherein sald
renpte receiver means conprises a first renote receiver for receiving the
encoded signals fromeach of said nonitors and 5 periodically transmtting
vol unetric fl ow 4Bt aAf eystemifbmabinped g Qﬁdd@?@CQ@daﬁgmrf‘efg@QEI ver for .
receiving the rd. € 4f : [ I.r.st_renote receiver, sai
second rgm)t e r\él%:geéij\r;@; écfg lArCI? gﬁ%‘g‘!‘ga@’%"}ﬁs’“ fmélrltiﬁlf%%ﬁp}ﬁ‘ﬁ g wat er
consunpti on charagcﬁiogﬁdnga?: FreTs 48 o fupkeprardanprantng orewndifing said bill.
43. A system acquregiamgngo acllailh 3 swher endiSdiudl uhaBs Mokt i J3g gmeans

conpri ses ag RF d4@ASALLE 8nedd AasysStem according to claim42, 15 wherein
said first renpte receiver conprises an RF receiver for receiving the

encoded signals transmtted fromeach of said nonitors and 20 tel ephone
means for transrd.ti Agsydtem okumetpitinl ehe daitef eelsebd dAMgyors, and
wherein sald seead el @nheCehYEl QTR %1t ERNANG,[ AR Means.
45. A system accor di ng to claj m 42, erein sard |
according to claim 49, further comprising means for
forwarding said bill to the individual unit for said

10 total heat energy charge.

S1. A system for computing the water related energy
use of an individual unit of a multi-unit building
according to claim 47, wherein saild plurality of
energy consuming water devices includes at least cne

15 hot water consuming device supplied by a hot water
pipe, and wherein said monitor means comprises a
single monitor.

52. A system for computing the water related energy
use of an individual unit of a multi-unit building
20 according to claim 47, wherein said plurality of
energy consuming water devices includes at least one
heating/cooling device supplied by a water pipe, and
wherein said monitor means comprises a monitor on
‘either side of said heating/ cooling device and said
25 remote receiver means computes a total heat energy
use for each heating/cooling device by subtracting
the total heat energy of one of sald monitors from
the total heat energy of the other of said monitors.

53. A system for computing the water related energy
30 use of an individual unit of a multi-unit building
according to c¢laim 47, wherein said Plurality of
energy consuming water devices includes at least one
heating/cooling device supplied by a water pipe, and
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25 first renote receiver conprises said neans for conputing a total

vol umetric flow for said individual -unit and said periodically transnitted
volunetric flow data for said individual unit conprises said total

vol unetric flow. 30 46. A systemaccording to claim4p, wherein said
periodically transmtted volunetric flow data conpritses the volunetric
flow for each of said nonitors and said second renbte receiver conprises
-22 1( means for utin total volunetric flow for an individual unit
fromsaid transm t%FE P PR EPF JiFanFafamPayses airem foritonput i ng t he
wat er rel ated en®ngyong gideof ofin saddi iahitdlngyabbl Dig a dewhté - urdd  bui | di ng
wherein the mul t idetBirhiRithd thlagté@e%&r&&begf W eCla e LE %@daacé’e”gé‘%@esource and

t he individual unit 2 c%}ura |t of ener consum n vi ces each
suppl i ed by a wat eplg?ﬁe Pt ‘ieé%}‘lfl Béh Ehe ov chlélg‘éu‘ﬂé@u%’orrprl si ng
moni t or nears fothgodiny i apdt detérwoimirdr ohgh teapbrafurai dEvadiRr pi pes,
each of said maater, nBang é@@éd@'ﬁ&l%én%ohﬁécégé eLqn g dhal, successive

15 vol umetric flow upits hrough sard pi pe, neans Cor defi ni ng
the heat energy OFP% éggﬁ ﬁgs%’ifh?ﬁcéﬁg% ‘Vé’ﬂ/d‘}e&ﬁ’ét EPE FPBRMGIAIX & and
means for conputite§ad t enargheatse endr geakchr i dsali@éCcesstdd@sasaleunet ri c

flow units, and XBigragsid or %q_%l;,,l odjgatdy tg}pnsrg’itftfgggnc% d ttq{teal heat
energy for fﬁm d %”%SS?gédﬁéé“%f”ggié éirst and second monitors.

54. A system for computing the water related energy
use of an individual unit of a multi-unit building
according to claim 47, wherein said remote receiver
means comprises
15 a first remote receiver for receiving the
total heat energy from each of said monitors and
periodically retranamitting heat energy data for said
monitors, and |
a gecond remote receiver for receiving the
20 heat energy data from said first remote receiver,
said second remote receiver including said means for
computing a heat energy charge for said total heat
energy use and said means for preparing and
. forwarding a bill to the individual unit for said
25 total heat energy charge.

55. A system for computing the water related energy
use of an 1individual unit of a multi-unit building
according to claim 54, wherein said first remote
receiver comprises means for calculating the total

30 heat energy of the hot water for said individual unit
for a selected period of time and said total heat
energy for the individual unit comprises the heat
energy data transmitted from said first remote
receiver to said second remote receiver.
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flow units, and renpte+eeeiver—neans for receiving said total heat energy
25.-transmtted fromeach of said plurality of nonitors for said successive
volunetric flow units, and-eemputing a total heat energy use for said
individual unit for a selected period of tikrre. 48. A system for conputing
the water related energy 30 use of an individual unit of a nmulti-unit

buil ding according to claim47, further conprising neans for conputing a
heat energy charge for said total heat energy use. -23 . fll 49. A system
for conputing the.wat afyatehater @mpugyng Ude ehtan ralditeiddeakragmit of a

mul ti-unit buil diLng caccordi cl,at , 5 furihern g kS| means for
preparing a bil f‘ls‘ta‘oofhgﬁi ‘rrL1 (?{\}?icﬁtjugll ll‘j‘r?{ilktEn ?gr,as%fzéa ﬁqggﬁ)ﬁll%gggg ener gy
charge. 50. A 8ySPEMADrtTofRtM nif ¢ HErSRELSr FialsgﬁoﬁﬁeFﬁ?Ot%se of an

i ndi vi dual unit reteaveril ddmpiiisksbuiehdé nfor aczlbrdiangngotbeacrtdd, furt her
conpri sing an r oqg{gg i J e hadkmdualinupit for said
10 total hel‘{z;3 e%g‘tr’lgye%%]r%&\é\g? 1. lﬁiesvg‘ist{géjmk?%%atlgn;t?i ng,t ey vat er rel ated
energy use of &RTi AdiSeiLaGEPd URFELIE o s AR%i £ iltgltﬁg S8tording to

cl ai m 47, wher eienesgy dfptueatht yonitornerapriceas thengenbt encgdevi ces

includes at |eagtQne, ool WRESEm CONSIMiRaL devhse: Stipplived by a hot water
pi pe, and wherein said nopitor neans conprises a single nonitor. 52. A

system for conp§fiRgSeFRR LR Tt %ner gy

10 At\SAARWMS . ALL
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use of an individual unit of a multi-unit building 20 according to claim
47, wherein said plurality of energy consunming water devices includes at

| east orie heating/cooling device supp[T@H‘BY“éTEEFE?—bipe, and wherein
said nonitor neans conprises a nonitor on either siee of said heating/
cooling device and said 25 renpte receiver neans conputes a total heat
energy use for each heating/cooling device by subtracting the total heat
energy of one of said nonitors from the total heat energy of the other of
said nonitors. 53. A systemfor conputing the water rel ated energy 30 use
of an indiyidual unit of a nmulti4qunit building according to clainm47,
wherein sajd plurality of energy consum ng water device¥.Includes, at |east
one heatihg/ cooling device suppilied by a water pipe, and | -24 7

wherein sald nonitor means conmiCilses a first nonitor onzohq §i dp bi said
heat i ng/ copl i ng device for det%r’m’ ning the tenperature g tlhé water and a
second nohitor for determ ning the volunetric fIOM/through 5{the pipe and
determ ning the tenperature- of the water, said second nonift pr ponnected
to said figst _nonitor and further_including means for_conpytingla total
ener gy -use| of each of said sugcedsive volunetric flow unitg by
differencihg the 10 tenperatUred of said first and secondlgn1itpr . 54. A
system for! computing {he—wej er/ rel ated energy yse—ofyan indiyidpaE unit of
a nu|ti_unlf buil di ng :gccordinglto =47, whesei nf sai d, rlefot p necei ver
means conpfilses e) | 1 O || ; : ///
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15 a first renote receiver for receiving the total heat energy from each
of said nonitors and periodically retransmtting heat energy data for said
nonitors, and a second renote receiver. for receiw the 20 heat energy
data fromsaid first renote receiver, said second renote receiver

i ncluding said means for conputing a heat energyTcharge for said total

heat energy use and said neans for preparing and forwarding a bill to the
i ndi vidual unit for said 25 total heat energy charge. 55. A systemfor
conputing the water related energy use of an individual unit of a
multi-unit building according to claimb54, wherein said first renote

recei ver conprises means gor calcglating the total 30 heat energy of the
hot wat er f.Qr_§_aLd_l_rldL\l1 ual upity for_a selected period of tine and said
total heat! energy for thg indi idE%l unit conprises the heat energy data
transmttgd fromsaid firsh renpte recelver to said second renote

receiver. ;-25 56. A's ste t-he-twat-en—refated [energy use of
an |nd|V|d | ti-uhgt bufTding accoidi n to ¢l ai m 55, wherein
sai d secon el cohpr|<§§ megns |f or CT| ng the total 5
heat ener el fofSsaild_i ndijvi dual of |a sel ected
period of okal h % aLnergy far eagh mpnltor conprises the
heat ener y da atra smi tit ed fromsali d fijrst| remste nece|yer to said
second renot ¢ receifver. 10 Al } BAARWVS. ALL T [
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10 of water operated heating and cooling devices in nultl-unlt bU|Id|ng
corrpl exes where the individual wunits are supplied water froma common
source,and nore particularly to a systemwhich will calculate the water
consunption and water related energy use of 15 the individual units so that
wat er, sewer and energy costs can be fairly apportioned to the units to-
encour age conservation. The invention also rel ates —to—nmpnitoring unusual
water usage to detect |eaks and open valves. 20 SUMVARY AND OBJECTS OF THE
| N\VENTI ON The individual units of a rfil& -unit buil ding such as an
apartnment building are supplied waterafom ..a common source (the outl et
of the building water neter). Thei)awl et is split into hot and cold
25 water lines with the hot water I'i n€ passing through a hater (typically
there are separate hot water and heatﬂng_b0|lers) whi ch heat the water to
the required tenperature. In conv t i@nal=const ructi on, mul tiple vertical
ri sers supply stacked bat hroons, chens B0 and heati ng/cool i ng devi ces.
As a result .the water supplied toﬁ r%ndegl dual unit can not be netered

wi t hout substantial, very costly, uri n& infrastructure changes. It is
an obj-ect of the present invention ogfp5 asure the water consunption and
the water heat This is the replaceffent;sheét Date: 2 7 FEB 199 2 energy
use in an individual unit in a rrul"tF- b el bui | di ng sonfat the individual
unit can be assigned .responsi.bili]t herlef or _w t hout ssubstanti al pl unbing
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i nfrastructure changes. 5 It is another object of the present invention to
nmonitor the condition of a water consum ng structure so that |eaks can. be
serviced and erroneously open lines can be closed. BRI EF DESCRI PTI ON OF
THE DRAWNGS Referring to the drawings: Figure 1 is a schematic
illustration 'of the water consum ng devices of a four unit apartnent 5
bui |l ding wherein each unit has a bathreomw th a sink (including any
associ ated tub/shower) and a toilet ~and a kitchen with a sink (including
associ ated appliances such as a di shwasher) and wherein each pipe

suppl ying the water consum ng devices includes 10 a nonitor nade in
accordance with the teachings of the present invention; Figure 2 is a
schematic illustration of the &8aiisigheoski Ny system for the same
apartnment buil di ng wherein each apartnent has one or nore 15

heat i ng/ cool i ng devi ces each having upstream and downstream nonitors, one
moni t ori ng t enANSTEY EORNMONITORINGt WATER |qONSOMIING NETRUJTRIRESDNI t Or i ng
tenperature; M u'TF@I:B ma mmmcmmmnatm ofP a Mlmmrt-or shown in
figures ¥-2; : g : f.0HO) EFORe/ t enper at ur e
functions of a rmnltor, Fi gure 5 s a Ioglc d| agramfor a noni tor which

w Il issue an al arm signal ar evice is continuously
open; 25 Figure 6 is a s?ﬁéﬁ“‘."d‘“.’ Iqafﬁl{:i} d%:bl?‘zéll of—a system for a nulti
story buil di ng i nclifg PFegerecivantion rebeted |tsor faystewcEpvi ng and

outputting damhenftcyingh@he water consumption and energy use of
water consuming devices and monitoring the energy use
10 of water operated heating and cooling devices in
multi-unit building complexes where the individual
units are supplied water from a common source and
more particularly to a system which will calculate
the water consumption and water related energy use of
15 the individual units so that water, sewer and energy
cogts can be fairly apportioned to the units to
encourage conservation. The invention also relates
to monitoring unusual water usage to detect leaks and
open valves.

20 SUMMARY AND OBJECTS OF THE INVENTION
The individual units of a multi-unit building
such as an apartment building are supplied water from
-a common source (the outlet of the building water
meter). The water inlet is split into hot and cold
25 water lines with the hot water line passing through
a Mater (typically there are separate hot water and
hea:ting boilers) which heat the water to the required
temperature. In conventional construction, multiple
vertical risers supply stacked bathrooms, kitchens

30 and heating/cooling devices. As a result the watexr
supplied to an individual unit can not be metered
without subgtantial, very costly, plumbing

infrastructure changes.
It is an object of the present invention to
35 measure the water consumption and the water heat
This is the reptacement sheet
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This is thereptacement—sheet—27 F E B M Dater 3 - nmonitors on its floor;
Figure 7 is a logic diagramfor a monitor which wll issue a maintenance
signal when a water device is leaking; 5 Figure 8 is a schematic

illustration for a home system Figure 9 is a |logic diagramfor conparing

the output of a common nonitor with the outputs of all the dedicated
nonitors to identify a | eak; 10 Figuig 10 is a schematic illustration of a
systemfor a building that has a plufality of local receivers that are

hard wired in series with the base |ocal receiver outputting data; Figure

11 is*a schematic illustration of a 15 systemsimlar to that of figure 6,

wi th indivi duglergyoasde riaceiwetsdhaidhan nedeorimphonguliipkesid n parallel to

a base | ocal Fi.qur 2.1 8S. emat.ic, il ustratlon of a system
SATRILG! 20 SR EniCh A RRRAR S RECHP Pl

having a plura recel vers n in parallel
to a renote r%@é?blhﬁﬁ’ EhgheEoy Jithoyt sepimnitdal| pligthind on of a
syst em havi ngirffrabutattine athahgeal and renote receivers which are |inked

to a datg base. DESCRI Pgo%eg:objl-e@[tPoRgatl%RRgge\llz\a CIQIDL\{EN,'CI:'iOZS Uility provided

water 10 (fig. 1) genera er neter %1 as' it enters
a building s‘ERfHC% th%trFoaﬁaFﬁﬁérﬁf rﬂnm@éeércﬁmg pEreetiye A portion of
t he wat er bragwchgmtofieakd can. be serviced and erroneously open

lines can be closed.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring to the drawings:

Figure 1 1s a schematic illustration 'of the
water consuming devices of a four unit apartment

5 building wherein each unit has a bathroom with a sink
(including any associated tub/shower) and a toilet
and a kitchen with a sink (including associated
appliances such as a dishwasher) and wherein each
pipe supplying the water consuming devices includes

10 a monitor made in accordance with the teachings of
the present invention;

Figure 2 is a schematic illustration of the
heating/cooling system for the same apartment
building wherein each apartment has one or more

15 heating/cooling devices each having upstream and
downstream monitors, one monitoring temperature and
"vol_umet_ric flow and the other monitoring temperature;

Figure 3 18 a schematic illustration of a
monitor shown in figures 1-2; '

20 Figure 4 is a logic diagram fof the
volume/temperature functions of a monitor;

Figure 5 is a logic diagrém for a monitor which
will issue an alarm signal when the water using
device is continuously open;

25 Figure 6 is a schematic illustration of a system
for a multi story building including a receiver on

each floor for receiving and outputting data from the
’ d 7 This is the replacement shest
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supply the building cold water supply line 12 and the 30 other portion is
supplied to a hot water heater H 13 which supplies the hot water supply

| irne 14 of the building. The building has a nunber of simlar units (in a
two story apartnent house, there could be four one bedroom apartnents, two
on each floor, for 35 exanple) each having a sink (including associated
tub/ shower) and toilet in the powder- goomis ¢c3 ;? P ~r.~~a”3nen? she

Date: 4 second sink (including any associ ated appliances such as a

di shwasher) i n,dhg Kist ghe ch.sink is supplied by separate hot and cold
water lines (the otS aﬁdr%%:_:@o\%ét’er | ines of the kitchen sink may also 5

supply a di shwashe® 19358 2akth & épgée dimagappférd mpnitosiwigian col d wat er
line. Stacked %illhemmeandmifitenan@@Eigh£l WHeRl bedavea y&FidLal risers 15.
In each water;dingkar.just downstreamin the mxed water Ine) is
| ocated a_nmonitor M 197'Figure 2 shows the 10 heating/cooling system for
the sanme dnits. Vatfdeurendiig @ spkentitedldnstxdtdonn f6hea homer) i s
supplied . bysystsm;t abl e source such as a heat punp HP 13A (discrete
sources such as a 5395 505 hot ;wat er _.and a _chiller for cold water could
5711

be utilized) to a fé Re® 18°FHT FHLAGTP £85 CARPRTNY/itheal heating or
cool i ng units MEPUE3 afheoghman| repltery erithc fher ostgmets Ik allle water i s

returned to thehe @edieatPd oniteirbabb & deicdEP 4i1e5,18. Located upstream
moni tor BP(f g, 3) “HHEER il DE RocHBTaFRC dIMHSFTHE®) afpRunber . (s a
uni tary. bat t er§¥1%8 #o&da building that has a plurality of local
receivers that are hard wired in series with the base
local receiver outputting data;
Figure 11 1is ' a schematic i1llustration of a
15 system similar to that of figure 6, with individual
local receivers hard wired or phone linked in
parallel to a base local computer;
Figure 12 is a schematic illustration of a
system having a plurality of local receivers linked
20 in series or in parallel to a remote receiver; and
Figure 13 1is ~a schematic illustration of a
gystem having a plurality of 1local and remote
receivers which are linked to a data base.

DESCRIPTION OF THE PREFERRED EMBODIMENT

25 Utility provided water 10 (fig. 1) generally is
metered by a water meter WM 11 as it enters a
building such as . an apartment house or office
building. A portion of the water branches off to

_ supply the building cold water supply line 12 and the

30 other portion is supplied to a hot water heater H 13
which supplies the hot water supply line 14 of the
building. The building has a number of similar units
{in a two story apartment house, there could be four
one bedroom apartments, two on each floor, for

3s example) each having a sink (including associated

tub/shower) and toilet in the powder rogm and a |nsament shest
¢ i3 the venlanamen
9 7 £ER 1998
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structure, - which—+s—futysealed—to reduce tanpering and water danage.'
The nonitor can have a universal 25 set of fittings to sinplify
i.nstallation.. A nmonitor may include a pipe 20 in which may be pernmanently
secured a gearbox 21 such as the type found in lawn sprinkler heads to
control the novenment of the water spray. The gear box. has axial input 22
and output 24 30 shafts which are conpnected to a turbine wheel drive
propel l er 26 and a copper or other al axially extending parti al
cylindrical portion paddle wheel 28. \Water entering t he pi pe, passes

through a SEtse%fo]pfioéiﬂJiC(‘iicggd%%ﬁgkrdéés%%ﬁag %%L%Eanggst%c propel [ er 35

bl ades thereby efficientl |o of the

gearbox is sé}sec?edh§5"“’f“ﬁ 8T} hén ?&&A@t gt"é‘?Pl ndr Eaap ﬁéN‘l df 28 will make
no nore than siipipdikd bipe seppracenteit adldeebld2whEsd Oindat @he 5 about hal f

a rotation durj.ng.a %g@)ua@ggti{% (eréﬁe ktigghégtsq_%koga%%tshw Il assure

that an oscillator sense resence e parti al

cylindri €al p%%PtPiana( fihéh‘t’%‘}giit)) 329 ?W%e“-‘é&(ﬁeﬁ gsr 8yBPLkGMY. The gear
rati o may be disihglendoldivatdt fYigleent stiederi{didns hhawdte- a toilet is

very differepl, hgpef H{l%%iJhéaNVflgr vBrt P01 T exampl €)r, Lo 29 will

change inductance tw ce revol uti1on changl ng t he J1;re uency of the
osci | | ator. THECFO IPEr ofito ddesoBdoyas et Fﬂs?}Eﬁn wierd #f3A&d el ectronic
circuit can thetedf aselcecatdd & pohieoeachioti neFidere tahget thd i s | ocated at

00 and 1§0 ang83ck/BHbSEg CHMES 18 i JankHIR0f - kdebi d Referring
(hot in the winter or cold in the summer) is supplied .
by a suitable source such as a heat pump HP 13A
(discrete sources such as a boiler for hot water and
a chiller for cold water could be utilized) to a feed

15 line 16 which supplies the individual heating or
cooling units H/C 23 through multiple vertical risexs
17. The water is returned to the source HP by
suitable return lines 18. Located upstream and
downstream of each heating or cooling unit H/C is a
20 monitor M.

A monitor M (fig. 3) which can be located in
each line by a plumber, is a unitary battery operated
structure, which is fully sealed to reduce tampering
and water damage. The monitor can have a universal

25 set of fittings to simplify installation. . A monitor
may include a pipe 20 in which may be permanently
secured a gearbox 21 such as the type found in lawn
sprinkler heads to control the movement of the water
spray. The gear box has axial input 22 and output 24

30 shafts which are connected to a turbine wheel drive
propeller 26 and.a copper or other metal axially
extending partial cylindrical portion paddle wheel
28. Water entering the pipe, passes through a set of
orifices 30 which direct the water at the propeller

35 blades thereby efficiently driving the gearbox. The
gear ratio of the gearbox is selected so that the

partial cylindrical portion 28 will make no more than
This is the replacement sheet
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figure 4, if areading is to be taken approximately 15 once per "X' tine (a
m nute, for exanple) based on a. tinmer circuit 33 associated with the

nm croprocessor (see figure 3), the gear ratio will be selected so that
the target will rotate less than 1800, during one mnute with maxi mum fl ow
t hrough the pipe. 20 Alternately, other sensors could be. used such as a
rotati ng magnet and Hall effect sensog,.reed switch, capacitive sensor,
optical sensor, inductive sensor wttrferrite rotator, etc. Wwen , during
that time interval, the target has been sensed, a volunme 25 counter wl|
be updated to tot al of volune wunits and at sonme other regular tine
interval "y" %8 Eehal A roFatien duniay, atsampldngl timd u(rmraoemt will be

transmitt ed by £t lnetaatbro thaane{i1 ta%rsu% tHae anUBQéiff‘ijaht%QU% ,
representative ogst hewtqta% g? ueITEtI‘IC fl ow %hr the prpe. Limting
the rate of rotailion o ar get- WPERSEHE 8 §6r that a reading
need only be CYR&RIBIRA p@Prﬁi‘-%te(theprbamﬂjé bast erwide f eacki nce the

mi cr opr ocessorewolutiun) .hasThe feart wranad Qr&yorlfee dlefrfemeﬂé't €or The flow 35

measuring sys e | trasoni flowmeter, a magnetic
f 1 ownet er, anhg?%%%%ﬁl%&r%f% 13 L %P %ﬂigﬁtfﬁﬁv\kfﬁﬂér f or

exanpl ei s . i SifREreRy) J-%h@é’t"’ fpr Bat@b,z foIF@xEO916) . The energy use
of the hot waCeiluz®driill ahmgerinduetaﬂcélesu&% 8R¥h DRvoeRYLEd DY

mul tiplying tRgan i C qu associ.g ed hot water pipe by the
t enperature that %%Jtléjv\ng%%r fI]}S/ %ttv\,ﬁgFe cﬁ’? ahohi t or TP recei vi ng hot

wat er frkﬂntl?@lﬁﬁ?pﬁﬁﬁQ9s°r uc 31 or custom.specxalxzed electronic
circuit can therefore count a pulse each time the .

target 28 is located at 0° and 180° and each pulse
equates to a unit volume of.liquid. Referring to
figure 4, if a reading is to be taken approximately
15 once per "X" time (a minute, for example) based on a
timer circuit 33 associated with the microprocessor
(see figure 3), the gear ratio will be selected so
that the target will .rotate less than 180°, during
cne minute with maximum flow through the pipe.
20 Alternately, other gsensors could be used such as a
rotating magnet and Hall effect sensor, .reed switch,
capacitive sensor, optical sensor, inductive sensor
with ferrite rotator, etc. When , during that time
interval, the target has been gensed, a wvolume
25 counter will be updated to a new total of volume
units and at some other regular time interval Uy
(once a day, for example}), the total volume count
will be transmitted by the radio transmitter 34. The
updated count is representative of the total
30 volumetric flow through the pipe. Limiting the rate
of rotation of the target with the gear box so that
a reading need only be taken once ‘per minute,
prolongs battery life. since ‘the microprocessor uc
only has to be turned on once per minute. The flow
35 measuring system could also be an ultrasonic Doppler
flowmeter, a magnetic flowmeter, an electronic mass

flowmeter, or a vortex fl
' owmeter, for exa %5|sther”macement5heet

Date: 21 FEp 198



heat er. Opttonaty,—the nonrtor—caninctude—a heat —thernrstor 32 (or

t hernocouple, etc.) attached to the pipe to sense the tenperature of the
fluid flow ng through the nonitor. The m croprocessor uc 10 31 may
multiply the tenperature by that unit volunmet- ric flow to define a heat
content nunber (BTU use - figure 4) and will then update the total heat
content totalizator. By subtracti ng the total heat count at one side of a
heating/cooling unit HC fromthe 158s7 mul t aneous total heat count at the
other side (the subtraction nmade by a | ocal receiver which receives the
data fromboth nonitors - Figure 7, for exanple), the energy use of the
heat i ng/ cool i ng uFhe enmrdyeuseletferiiennds wiltleer naéelih 20matet the nonitors

on 20 either 1{:‘5!;_@,@ Q{eveiclgeagéyng,{,e cegly @ge&nb% Qfﬁat%:{‘% 8@' y tenperature

and be connect«i or W I tor "naki ng both

conput at i ons E‘ﬁ{:’éjsc vflg‘ﬂﬁtcffaﬁgorﬁf&lﬂ?t‘a{‘ﬁ‘é htnpeEex i®erbdading fromthe
other to corrmbteete‘melrﬁéfaltrechhmtgmotsmtléﬂ i25 seppri¢d clergoyrRe be avail abl e

or shoul ¢ t henBatber s %@9@9&&1@8 R Weer! B2oROBHL! 8 0okl target could
be sanpled |nuou t he gear bhox wou requi red. Once

every day (or°&sfie: ot Yi ntes AL tosocHmi HIFldgeakeledd "Y' tine
i nterval, thehemrngstepr o‘ié’es(mr awthérmopeugile! t Bec t)r atseichedr téwhich is a

radi o transnidheer i?p% ieotfaenséeft@lfére@e Rl IEN e b:%e ceyldsbe an ultra
sonic or inf rare ransmt the then current count of

t
the 35 register V\?i?c‘h oug SF‘%S‘& j;tt‘%’i/ %‘VBFWWCESPPB\AFC the then
current 19 ot al3lohay Wéllﬁéal-}fcfé‘m batpertalrezioy thet, uridevoiliimet- dat a whi ch

identifies thecapash "MBdldefine a heat content number (BTU use -

figure 4) and will then update the total heat content

totalizator. By subtracting the total heat count at

one side of a heating/cooling unit H/C from the

15 simultaneous total heat count at the other side (the

subtraction made by a local receiver which receives

the data from both monitors - Figure 7, for éxample),

the energy use of the heating/cooling unit can be

determined. Alternately, one of the monitors on

20 either side of a.heating/ cooling unit can monitor

only temperature and be connected’ to the other

monitor with that monitor making both computations

such as by subtracting out the temperature reading

from the other to compute the heat change. Should

25 electrical power be available or should the battery

economics permit, the position of the target could be

gampled continuocusly and the gear box would not be
required.

Once every day (or some other time interval)

30 which equates to myn time interval, the

microprocessor will operate the transmitter (which is

a radio transmitter 33 in the preferred embodiment

but could be an ultra sonic or infrared transmitter,

etc.,) to transmit the then current count of the

35 register which is representative of volumetric flow,

the then current total of the heat content totaliza-

tor, identifier data which identifies the apartment
T o

ot




T. 2?27 7 unit, the water using device, etc. and any pul se count data used
to chronologically locate the transm ssion. The mi'croprocessor uc can al so
determne that a 5 water consum ng device has been | eft open (a tub

runni ng continuously, for exanple). For exanple, the m croprocessor should
detect the presence of-the target once a mnute while the tub is being

filled at the fully open condition. -Even at a slow fill rate 10 the target
shoul d be sensed once every "X' mnufés (figure 5). If "X" is five
m nutes, for exanple, the filling process should be conplete within twenty

m nutes (four ti S "X'). Agcordingl accordin o the algorithm
expressed in 1 gur e%fg Ygtf:%elﬁs%%% Yjecfe‘ha%é/ e uﬁﬁ’(nguﬁ'ﬁ? "X" m nutes
and the targePUMas d3¢én ¥eadedtot mhnomgdrgicakly i locetent edeand t he .

process is repeai®edssdban t he target has been sensed in the next "X

m nutes the countﬁ,{e %g?i n_increnments andfaa_r%f rth. If the count 20 reaches
15 ("Y"), for exanple, thePWaTE WalC et fgeC 28t 5eybal #hat which was
required3to. YaFer t fensumingardpvildes hewn beean ld4ft oeteole hals failed to

turn the wateindidy @ntindbosig, tHg nd ePCcesS@brdebapphoe that flow
has conti nuedtlflgr re "Y' incr "X, the m ocessor wll

megts.of 25 cro
direct the transn’%jtm}é) rof%sf?%ﬁg%#aaﬁe%? fPgi BraTenqey &fit F#‘?I ng the water
consuni ng devF%%QeU_c OncRea megwiteewhide thei tab it being il leeadevi ce has been
left open so thetfullEdpahecondith.carvhlg hekensidy annecheihe problem
The 10 the target should be sensed once every "X" minutes
(figure 5). If "X" is five minutes, for example, the

filling process should be complete within twenty

minutes (four multiples of "X“). Accordingly,
according to the algorithm expressed in figure 5,
15 when the water has been running for "X" minutes and

the target has been sensed, the counter is
incremented and the process is repeated. When the
target has been sensed in the next "X" minutes the
counter again increments and so forth. If the couﬁt
20 reaches 15 ("Y"), for example, the water has run for
a time beyond that which was required to.£ill the tub
"and this can mean that someone has failed to turn the
water off, etc. Should the microprocessor determine
that flow has continued for more "Y" increments of
25 *X", the microprocessor will direct the transmitter
to transmit an alarm signal, identifying the water
consuming device, to the receiver which indicates
that the device has been left open so that immediate
action can be taken to correct the i:roblem. The
30 alarm signal can be transmitted to a local receiver
which could be a general alarm system for the home
which would announce the condition or it could be
further transmitted to a remote receiver which could
be at a home security company which could take

35 appropriate action or it could be a part of the water
usage system for a multiple unit building as
described herein. This algorithm can also be
' This is the replacement sheet
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30 al arm signat—can—betransmtted to a tocalrecerver —which could be a
general alarmsystem for the hone which would announce the condition or it
could be further transmtted to a renote receiver which could be at a
hone security conpany which could take 35 appropriate action or it could be
a part of the water usage systemfor a multiple unit building as

descri bed herein. This algorithmcangal so be This is the replacenent sheet
27FFBi 99B Date: -a- conputed with a-number of "X' and "Y' val ues ("X1"

and "Yify, "X2" and "Y2", for exanple) since the fill rate can.be chosen

at i dely i L gigiicd Qheh. o THeRS: \AY 1A 3008 2 30, e flggned du i ng

|nstallat|ong€ nm ng non ati |l e nenor nonitor. In the
apartment il &3 r" d |¥|2fi e¥21. ¥ gxam%lq)a@,igcm’@%ﬁ)ll,lece, ver (a
m cropr ocessoratd @an b artplsshwat ol Ay Geferemtardtdecodmeshe transnitted

radi 0 51 anal 441 438 okOGE oAl ANHEE A0k, £LIUER:0)1 I8 ST ecei ving the

datatransmttedfroma of the nonitors. o hown in figure
6, the [|Pocal PYREEEEPI IR d’(?ﬁﬁﬁf‘ée dRRTIOFY WRekis MORARPRLY, quarterly,
etc., totals for tihethelapaetment filldwsansteddar (BEU arse 2f,or each unit,

and can Issueaalz%%wu%cqa@l srefcmvayd'@ emfé@cr o%sasiep*k%.ﬂce to a security
| ocation, for exa

ooree o He SRR h e CEabfvs daet SeboR e Crarerand o have & O°
visual readomdior siigngbutah be toratect abl eadtlo fAchandfimixk 30 t er mi nal
whi ch- can reggk otdcdiR@ndatBe BYta transmitted from all of the
monitors on its flooxr. As shown in figure 6, the
local receiver may compute daily, weekly, monthly,
quarterly, etc., totals for the volumetric flow and
energy (BTU) use for each unit, and can issue alarm
1s signals (by audible alarm or telephone to a security
location, for example, identifying the unit and the
water consuming device subject to the alarm signal.
Each receiver could, for example, have a wvisual
readout or it could be conmnectable to a hand held
20 terminal which- can read out the data. By
transmitting volumetric flow data from the monitors
to the receiver each day, the receiver can determine
that a monitor is not operating which could indicate
that the monitor battery has died, etc., or that the
25 monitor has been tampered with.
The local receiver may also implement the
algorithm disclosed in figure 7. It can detexrmine a
rolling volumetric flow average/unit of time (*T" may
be 30 or 60 days for example) and first compare that
30 with the calculated current volumetric flow/unit of
time. Where it exceeds the rolling average by X%
which indicates the a faucet is'leaking, for example,
the local receiver will send a maintenance signal.
A second comparison can also be made to determine
35 whether the current volumetric flow/unit of time
exceeds by Y¥ a standard for that device. Should the
difference exceed this variance, the local receiver
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transmtting volunetric flow data fromthe nonitors to the receiver each
day, the receiver can determne that a nonitor is not operating which
could indicate that the nonitor battery has died, etc., or that the 25
noni tor has been tanpered with. The local receiver may al so inplenent the
al gorithmdisclosed in figure 7. It can determine a rolling volunetric
flow average/unit of tinme ("T" may -be 30 or 60 days for exanple) and first
conpare that 30 with the calculated current volumetric flowunit of tine.
VWhere it exceed the rolli nq average by X% which indicates the a faucet is
| eaking, for exAfprESus h&a BEE\‘i‘a‘?‘?céliﬁéf‘lw Il send a maintenance signal .
A second conpari soBhearregedvebe nibdeits deimgrimsme B85rmhetdarrigt he current
volunetric fl@ehuais &f ﬂnlf@%ma@i%%%%t@{ Ml%{%&%?dgﬁ_d far Lhat device.

Shoul d the di.ff.erence exceed this varrance ocal® rédé&NVer This i; he
re:rlacQuerit “ShEEFaSICR I‘—GE'Eti@be“DéPem@)iVi%alll Upss r & M@t enance
signal . The rdfépvure, 8)n it3 siompkest whaenm wemald n?mnhav@ Qg |m(‘jor|mat|p?
system (or a Q,gﬁy_ 9; & i nf ti.gn or._an .i.ndi vi dual uni
or a hone. 5 t é‘e ﬁ‘é&errtglrflet orcg EQ %gg g 1(3' noni t or

t enperat ure, b’@pl%d"ﬁﬁ%ac@’ﬁ%ngsuﬂﬁquﬁg teﬂe Wwde&r consuni ng
devi ces so tharplume)tmretfrhosr favay calld veuwdxhrvmitkaased td adca@ a | ocal
ol T CoHOLl L ABet R e AL SRSl B9, O 0P

and woul d. i ssye appro riate_alarm  or tenance signal tor that
devi ce is E$ r open and would issue an appropriate alarm

or maintenance signal for that device. This figure .
also illustrates a monitor downstream of the water

meter WM - 11, This monitor can implement the
algorithm of figure 5 to detect a break in any
is downstream water line such as could happen as a

result of earthquake or freeze damage, for example.
By comparing the volumetric flow/unit of time of this
common monitor (figure 9), with the total/unit of
time of all the dedicated monitors, an internal leak
20 can be identified (a variance of X% would indicate an
internal leak). Maintenance and alarm gignals can be
issued by the local receiver and optionally the local
receiver can communicate with a remote receiver in
the form of a security company or to the monitoring

25 or billing system to obtain assistance..
As shown in figure 10, the multi-unit building
”may have a plurality of local receivers hard wired in
series (or connected on a phone line} to a base local
receiver (the 1local receiver located on the
30 superintendents’ floor for example), with the base
local receiver presenting the data for all the local
receivers. Instead of phone lines or wires, a radio
(custom or PCs system) could transmit the data from
one local receiver to other local/remote receivers.
35 The total volumetric flow and energy use for an
individual unit can be computed by each of the local
receivers or all computations can be performed by the
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al so: i |-l ustrates—a—nonirtor—dowrstreamof the water nmeter WM - 11. This
noni tor can inplenment the algorithmof figure 5-to detect a break in any
15 downstream water |ine such as could happen as a result of earthquake or
freeze damage, for exanple. By conparing the volunetric flowunit of tine
of this comon nonitor (figure 9), with the total/unit of time of all the
dedi cated nonitors, an internal |eak,20 can be identified (a variance of X%
woul d indicate an internal |eak). Wi ntenance and al arm signals can be

i ssued by the |local receiver and optionally the |ocal receiver can
communicate with a renote receiver in the formof a security conmpany or to
t he nonitorih@ee 258 BeFeivRy syl eernaradht aPwclassibasgntecal As shown in
figure 10, tphecdiudr cdfi be Ménndicagd impahateed widh ahet ythér| ocal receivers

hard wired i ri s ; c ed,on a qg%, [ 1,9 se | ocal
receiver (thgo?%lgae%r%égg?ee? cat e&?bn 'trﬁ‘g ésﬁ%ﬁntém%gts' floor for
exanpl e), wi PAC tAREeBN8 L2 EaPM 2 EORIEPT fRWs BALY ffdeH¥eddR @ for all the

| ocal reecei fess.1ddadt eadedfephondeiness oreseivdsg datadEpom( cust om or PCS

systen) coul d i d fr I s ceLv 0,0t her
| ocal / r enot em?%{:%q\s/sg(tsf.,iggge%ﬁt otg)lqg v}gﬁrr,e%%%év%?o% aﬁﬁe{tén%r gy use for an
i ndi vi dual uRPTOEFeEE ¥R PUTRE IRPEEcRett Mate (Foeare PecErVers or all

conput at i ons peawnidee apéstayazedwhich hemmunicdteeviaphorBERIA€s10 base | ocal
receiver. A Lerfahg) hunsleiha 10258 LOGA: cEREELVAL:diRRICagaNNeCt ed i n

arallel w ocal receivers (figure 11). The base recei ver ma
P 10 i (bage loc;Q recegver y

a receiver (a local receiver, a
or a remote receiver) can operate on the data and
prepare, bills for water, energy and sewer use for
each reporting unit which can be sent directly to the
individual units or to the buildings for distribution
15 as well as support reporting of leaks and open

faucets, etc.
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not receive data froma nonitor but only receive data 5 from |l ocal

receivers (receivers receiving data from nonitors (figure 12). The base
receiver is then a renpte receiver._ The rempte receiver (figure 13) can
provi de a dat abase which conmuni cat eslvi a phone lines wth any nunber of
| ocal and/or renote receivers and 10 a receiver (a |local receiver, a base

| ocal rec :ver .0r arenote receiver) can operate on the data and prepare,
bills for  energy and.sewer use for each reporting unit which can,
be sent directly to the individual units or to the buildings for

distribution 15 as well as support reporting of |eaks and open faucets,
etc. This ils t Re seitiemefent moRbeeringatthe olaej of 1heaty) gnggsy 1. im @ystem

for mogi t o5l 3Rlky ege é}fe_rg@atcoﬁ%_ﬁmg | wattex lr:dep»ria-Jejust mgpfz?:enﬁwyv:cmum ng
wat er devices in_an individu 9] i -uni.t bui ng whersin. eac
energy conSddi ngt ﬁat‘@ﬁt&éW‘gé.Pgﬁs%%gi'Zhdé%ﬁka ?Az/‘acthe.re?)al’p‘g}. Conprisichg at
| east - one watnixt clevice iIorEupplieg Mhe Wrtew PimeoggmeTisins of the plurality
of water pipes, each of said nonitors_ includin mekﬁé g}fans for

\Y

"determning that SuctRREL ¢Be DORIRE: FPE PPRATOERFES PY HEORER ough t he
pi pe, tengmhatafl etlsenslugldegnsff vatsensimpes,t heacH anfpesadidirecmi cbbe wat er

fl ow ng t:ﬂ{ﬁ%}%ﬁn he water pipe, multiplying means for defining the heat
energy of"each of said successive volunetric flow units by multiplying the
tenperature tines the imREe&neheansi £ppy determining that successive

veolumetxric flow units have flowed through the pipe,
l temperatire sensing neans for sensing the

temperature of the water flowing through the water pipe,

multiplying means for defining the heat enexgy
of each of said successive volumetriec flow units by multiplying
the temperature times the increment of flow, )

totalizator means for computing a total heat’
energy for said successive volumetric flow units, and

a tranemitter for periodically trapsmitting said
total heat energy for said successive volumetric Zflow -units,
and

‘a first remote receiver for receiving the total heat

energy transmitted by the transmitter of each of said pluxality
of monitors and periodically retransmitting the total heat
energy received from each of the momitors, and

a second remote recelvexr for recelving the total
heat energy for ecach of sald monitors retransmitted from said
first remote receiver and for periodically computing the total
heat enexrgy of the water for said plurality of monitorxs. '
2. A system forxr moni.toring the use of heat energy .in energy
consuming water devices in an indfvidual unit of a multi-unit
bullding according tec claim 1, wherein said plurality of
energy consuming water devices includes at least one hot water
consuming ‘device which 'dischérges hot water dJuring use and
wherein a single monitor monitors the flew through each of the

hot water consuming devices that discharge hot water during
use.
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t ot al i-zater—reans—for——conputing a total heat* energy for said successive

volunetric flow units, and a transmtter for periodically transmtting said

total heat energy for said successive volunetric flow units, and a first

renote receiver for receiving the @@ al heat energy transmitted by the

transmtter of each of said plurality of nonitors and periodically

retransmtting the total heat energy received fromeach of the nonitors,

and a second renpte receiver. e¢Rb Vi thenéot adne tirenetigyoyf or each

of said -Boni CorY B8P, gﬁ’én*“?’?"‘e{f%&?émeggi {éggéi?st r enot ﬁ?gc | yerand for

peri odi catdsamimapwetey Gewices din FedPRNARR o‘fmf%eo Wat e’rm?% or said

pl urali tﬁuﬂcdiﬁ'i%ni LOLSgidg Asyehiammf ar ,nowhéxmimgsahé mSersd ifFatenergy in

energy ‘consum™ng water devices i nde%cggdi \%ﬁ?hegni trOf aBd ti cnani t

bui | di ngeae%Dt di FEPYWIEEai M3EeT wherein said plurality of energy consuning

wat er _ deyj i -als: lea h 3l 0 C m deyi Ahi ch

di schar gélsegﬁ%?téﬁv%%ggﬁ u?ﬁbéeﬁséipggggdvﬁgrg?hggﬁé %ig_'m%%dt g}rﬂ%ﬁ%or s the

f 1 ow t hr S4gRT e3ftch SegPoe Heonitsw st erl oSaRed M™h ¢ idderc sdde el sk ivdr ge hot

\Alat er .durg}aﬂe neseindficelisigt Ia@ﬂ@?ﬁ ﬁ&%ﬁizﬁh@@{ﬁon@&iﬁxo& Srddeivdi0l 12 3.
system f or nitori the yse_o enerqy i ne copsumi,ng wat er

devi ces T BA"Thdi \g/i d&%lta‘gni ,‘[‘};eg_ aeﬁgghjuﬁ?? b;él]cirledi %gélhaccgfdi n@ghetgo claim

1 wher ei fregtiing fraplangt devicese iy GYCEHTSURS nEheviatRld BeRE esng TEY LRfes at

| east ongneheafiAgy cogbhifofeVineRiteitld edthy -a el RhReug@nd yher ein

first and secon I tor,s are Jocated .o Ither side of ceach of id

heat i nglng}fﬁggﬂ%f?fer@iq@gsdﬁﬁ Sardse %ntc?qragrr% "éé r%%egrl et ggﬁpé 5?%% t ot al

beat enemppipse Mwritezths ofhe [fdow through the heating/cooling device.

4. A system for monitoring the use of heat energy in energy

consuming water devices in an individual unit of a multd-unit
building according to claim _3, wherein said plurality of
energy consuming waéez.: devices includes at least one hot water
~consuming device which discharges hot water during use and
wherein a single monitor monitors the f_l'é:w through each of the

hot water consuming devices that discharge hot water during
use.

5. A system for monitoring the use of heat energy in a
plurality of heat energy using water devices in an ipdiwvidual
unit of 2 multi-umit building wherein each water device
discharges hot water supplied by a water pipe comprising
a monitor for monitoring the flow through each of the

plurality of ‘water pipes, each of said monitors including

meter means for determining that successive
volumetric flow units have flowed thxough the pipe,

temperature sensing - means for sensing the
temperature of the water flowing through the water pipe,

multiplying means for defining the heat energy
of each of said aucceqsive volumetric £low units by multiplying
the temperature times the increment of flow,

totalizator means for computing a total heat
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heatimig/cooting devices by subtracting the total heat ene=gy of the '
first-nmonitor nonitoring the', flow through the heating/cooling device
fromthe total heat energy of the second nonitor nonitoring the flow

t hrough the heating/cooling device. 1%, A systemfor nonitoring the use of
heat energy in energy consum ng water devices in an individual unit of a
multi-unit building according to claim3, wherein said plurality of
energy consum ng water devices includes at | east one hot water consuni ng

device Wik ' Lge i g edheL i n a single nonitor
moni torgﬁt ‘ﬁ%y#% t i%o%%ﬁ%saggﬁgg?o% Q%S?f%at glg'ltcbnsum ng devi ces that
di scharge hot water dir itAgnspkiters fox BeXiadcpdlY nbFANTELSdneheaide of heat

energy kidtdl HelaWr alrekyyOfcReabignehoyedsiiveg wakferdPyi €B6wi Rditd ndi vi dual

unit of a. ulti-unit buildi ng wherein each, water device diiacharges hot

wat er s i 2dEHPta TRIPER B Ve mEPE s FRES HYAimSnitbsr tebal moni toring the flow

t hr ough msath ehetdne tphnemdickeg af veHeer trarpadrrencldfofesd oYy S

i ncl udi I n e L 0 N0 ' vol unetric fl ow

uni ts h ﬁ%&gjﬁ?hﬁgg ord a8 O ey SRR e SR RO censi ng

the tenprRAaheEoyr rerrivrgd: Eron |samn gt BRouwmitaesmaemdr pipe, nmultiplying

means for defining theaheaiotnetadt Ofzaalesl roRidcRUGLRS SIS YOLUTTELT I C
ow units by multiplying .t tepperatyre tinmes the increnent o ow,

ot al | 2 RERE ERtRe Ot st O, =B TRo AR R TR Rrh e o, B P F 2t S

sheet 0 Blngty 2ot e Daiceivd’ axﬁ\éfogymcéhtdlgumstueg videunestar. f | ow

units, . afga@ ddedy okt Bhe fRkerPesd QiR YrdraYs Bkt hiNg o341, d

6. A system for monltoring the use of heat energy in a
plurality of energy using water devices in an individual unit
of a multi-unit building wherein each energy using water device
is supplied by a water pipe comprising

first and second monitors located on either side of each

of 8aid heating/cocling devices, each of
including -

said monmitors

meter means for determining that succeessive
volumetric flow units have flowed through the pipe,
temperature sensing wmeans for sensing the
temperature of the water flowing through the water pipe. h
' multiplying means for defining the heat energy
of each of sald successive volumetric flow units by mltiplyi
the temperature times the increment of flow, .
totalizator weans for computing -a total heat
energy for said successive volumetric flow units, and _
a transmitter for periodically transmitting said

total heat energy for séid successive volumetric flow units,
and

a first remote receiver for receiving the total
heat energy transmitted by the transmitter of each of said

plurality of mconitors ‘and periodically retransmitting the total
heat enerxrgy received from each of the monitors, and '

-

-— Tois iz o = eontacoment shiegt

I

| : Date: O U 1AY 2008



total heat—energy for—said successive volumetric fTrow units, - and a first
renote receiver for receiving. the total heat energy transmitted by the
transmitter of each of said plurality of nonitors and periodically
retransmitting the total heat ener gy received from each' of the moni tors,
and a second renote receiver for receiving the total heat energy for each
of said nonitors -retransmitted front said first renote receiver and for
periodically computing the t ot al heat energy of the water for said
plurality of nonitors. 6. n %ﬁ,ﬂe energy in
a plurality of energy u% ‘H’é’%\/\éf T e e\?cges él(rllfrogng?a& Vi uﬁlgt%talof a

mul ti - unhéath uédetigyy fidreresich eachahd]enfy&it@gﬁngem@mééﬁﬂcémml #3ddppl i ed by

a water pipg %eat US| Jbéé%ﬁ‘%%egeﬁbm&nwr on&@&qh@d tga aiddwr side of

each -of "Said I ng/ cool I ng. devi_ces ch.o rz.itors | udi ng
net er nebaat f 6ReEBY ePEi ffSg WATET 58&6’}3%? é‘ureg?%e? 5‘°PF%wrﬁm$§ have
flowed tpaptedrding picpe, tetgler afeste ememyng afeanbef oflw\sm@'xltw

t enper at ure of the water fIOW|n thr h the water pipe. multiplying neans
for defiTRHGERBI Nehit Eer W%‘B ettt té&ﬁz EF‘FeC?/(ﬂrﬁ’iﬁettth: fI ow

uni ts byconalt ilpdati ngherighe diengher akusnd t moRsStdhenddicoeRnt thé fiiow _
totali Zaél'&rotl.{gﬁa{?ﬁeT%atﬁgﬁpdégadl?ggadéﬁtcﬂl - heat energy for said successive

vol unetric ow uni nsmtter for periodically transmtting said
total heat energy for said successive volunetric flow units, and a first

renot e recei wersystiem a6l vdrigokvey t @hal usheadf ewugyeﬁéaﬁgasniht egh by. the
transm t1¢ f el it YarPf o] %QP riadi ally
retransn%rtf.\e g%f Sﬁﬂﬂm‘% %%ltgﬂe(%t ener%yaﬂr)e%g?v?e r(;%]@ga‘g éom :ﬁe nonitors,
and unit bu;lding which is suppl ed By a water pipe Ccmprlslng

a monitor for monitoring the flow through the waterx

pipe including

meter means for determiming that suceessive
volumetric flow units have flowed through the pipe,

temperature sensing means for sensing the
temperature of the water flowing through the water pipe,

maltiplying means for dJdefining the heat enexgy
of each of said successive volumetric flow units by multiplying
the temperature times the increment of flow, '

totalizator means £for computing a total heat
enexrgy for said successive volumetric flow units, and

a transmitter for periocdically transﬁ\itti_ng said
total heat energy for sald successive volumetric flow units,

a first remote receiver fox receiving the total heat
energy transmitted hy said t:ra:nsmitter and periodlcally
retransmitting the total heat energy received from said
monitor, and

a second remote receiver for receiving the total heat
energy for said monitor retransmitted from said first remote
receiver and for periodically computing the total heat enexgy
of the water for said moniter.
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Date: (r)i; !'4AY 2001 14 a second renote receiyver fox receivi.ng the total
heat- energy for each of said nonitors retransmtted fromsaid first renote
receiver and for periodically conputgﬁg the total heat energy of the water
for said plurality of nonit ors by tracting the total heat energy of
the first nonitor nonitoring the flow through the heating/cooling device
fromthe total heat energy of the second nonitor nonitoring the flow
through the heating/cooling device. 7. A systemfor nonitoring the use of

heat enesgy ArkydkerfRELOY "Rl odeHELE éﬁatgg hﬂdéﬂ'gﬂ@ nit of a
mul ti- unit buj % I's supplied bya nprising noni t or
for noni CORFARLR e@wquPSEgI’rntﬁé wagdyid emi‘%l%lﬁgmﬁé'ﬁér%ns for

d_eterm bugmmg SeFE3shVeo vhhimely cwidmminunddid ey ewﬁduhhrr@ugh t he
P Do g THEES: BLE SO 1 ARl Fgﬁﬂﬁﬁ%té&ié CTRSEAL Wi S LL e vat er

fl ow ng throug er nmeans for mil ng
ener gy oheotav#tex @aﬁ-dgs\mﬂ:—esm ve volunetric flow units by mul tiplying the
terrpera'ééfe %m&s the increment of flow, totalizator neans for computing a

t ot al ePYSEeBr foB) FoikeRlng Vehe onsRetaf chedbwenerdy, iand aa
t r ansni-t esexrgyreqsundny cedder rﬁreemeénﬂd a0 1@k ¢4 ahOf alnshegk gnglgy4lor said

successi ol f S, renote.recei ver for rece|V|ng t he
t ot al hegg yen%$?§ans%agtrtﬁgég tosaf%£€ andsi t FEFTSHY 6§rifiod? BEESY

retrans rrFP’E‘?W@i’%%é’aFB?aqle\fié‘@t lénérwtnagécoebung alevsaed nonitor, and a
second renote receiver for receiving the total heat energy for sai d

nonitor hLgtrags ng,g' f{‘;%mn%iﬂ:_ ofrlill::gt the ° use of heat energy in a
heating/cooling device in an individual unit of a multi-unit
building which is supplied by a water pipe. coumprising

' a monitor for monitormg the flow through the water
pipe :anluding
metexr means for determining ‘that successive
volumetric flow units have flowed through the pipe,
temperature sensing means for sensing the
_ temperature of the water flowing through the watexr pipe at
first and second spaced 1locations, on either side of the
heating/cooling device
ml'tiplying means
for defininé the heat enexrgy of each of
said successive volumetric flow umits at the first location by
multiplying the temperature sensed at the first location <times
the increment of flow and
for defining the heat energcy of each of
said successive volumetric flow units at the second location by
multiplying the temperature sensed at the second location times
the increment of flow,
totalizator means
for computing a first total heat enéi:gy for

said successive volumetric flow units at said first location
and

for computing. a second total heat enexgy
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r ecei-ver—ant—for—pertodicalty computing the total heat energy of the water
for said nonitor. This is the replacenent sheet 0 8 MAY 2001 Date: 15 8.
A system for nonitoring the use of heat energy in an energy - consum ng

wat er device- in an individual 'uniltt of a nulti-unit building according to
claim7, wherein said energy consumng water device is a hot water

consumi ng devi ce which discharges hot water during use. LL A system for

noni t origpg the guspude 22k SRERGetEic artlo&:neﬁgytsomunsagimeecoubw cein
an individual unit _of a multi-_-uni e bgl aCE‘%EdI ”g%ﬂ:&{;ébﬁy
wher ei n 95?@%&69 consum ng 2nat §F*HEVICe 1s a heati coo gew ce.
10, A syshRsmitwingonheofimgtt Redusecend hé%ﬁa:‘en)é?@ty qq,prgy 8 A8oo0l i ng
devi ce |3chgséiqg| vhsuale L te16f: @nrﬂg,l t kngunit - buil di ng whi ch is supplied
by a . conprrsing a nmonitor fq rmrgct g.(n.nég %ﬂ? £{ow. t @ugh the
wat er p| pe i ncI i HF e 7 EPORR anE IO d 8T R

at ‘sticcessi ve
Vol unet reohiOWotAl t RedtV enétpmedradsmitedt by Fﬁapé trappel it 8Fe &¥nsi ng

means ' f Qlexr$eddaNgy! Fe trhLsmAtak rQ:Héf tihecweied EeowhdgtbPiaDUGtedhe vat er
pi pe at first ang s‘gefond sgg gcatlo , on either side of the
heat i ng/f886FY f§GeV g SR REar® or defining the heat

-energy of
each of said successavesamidumerete Xecedhvemi for aeaciying rhe | H&uston by

mul ti pl yigag ééaen&eweégt Hest S%ﬂé@g& atoir hgakir %nﬂ.@éi‘t *r@ﬁré.thérh@ﬁtea he
i ncr en'ent of w. and definin Qe?t ener f of
£rom aa:L first remote recel er an or per d:Lcal Yy comput:.ng

the total heat energy of the water consumed by the device.

11, A system for computing a charge for the watex related
energy use of an individual unit of a multi-unit buillding
whe.rein the individual unit has a plurality of energy consuming
hot " water devices which discharge hot water during use, each
supplied by a hot water.pipe, comprising
a monitor associated with each of the hot water pipes
dncluding '
means for determining when volume units of hot water
have flowed through the hot water pipe as hot watex is
discharged from the hot water device,
means for sensing the témperatu:re of the hot watex,
meane fox defining the heat energy of each wvolume
. unit of hot water flow by multiplying tHe 'volume unit of £low
by the sensed temperature,
a total heat enexrgy totalizator having a current heat
energy total that can be read,

. means for updating sald total heat energy totalizator
with the heat energy defined for each determined volume unit of
flow of hot watexr, and

a transmitter for periodically transmitting the
current total heat energy reading of said total heat enexgy
totalizator, and .

means for xreceiving each transmitted current total heat
energy reading of each of said totalizators =nd pericdicall
- computing 2 heat energy charge for the individual upit.
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sai d succéssive volunetric flow units at the second | ocation by

mul tiplying the tenperature sensed at the second |location tinmes the
increment of flow, totalizator neans for conmputing a first total heat
energy for said successive volumetri@ flow units at said first |ocation
and for conputing. a second total heat energy This is the replacenent
sheet "Date: 0 8 MAY 2001 -------------- 16 for said successive volunetric
flow units'at said second |ocation, and a transmtter for periodically
transmtting the first and second total heat' energy for said successive
VO|UﬂEtFI£§f|§M/Uﬂ ts, .and a first rennge recei ver _.for rece|V|§%&Lge first

and second tot &P-HEAt Fehe FTPHATE Tt SBEFYE £9Fd WHMn¥AFEY eFe

peri odi caneygyetysensef t ingindieidualst usitl sécond mdtaluhbat budddigg

recei ved ddcoatal dea0RI AR 113N Aufkxa960RdL B CHRLAST 288 WilealingCRalcH NO Lhe
first and secqn éotal hedal energy for said nonitor retransnrtted  from:-
sai d fi--rsqraPé??gf:Ee cTRRRE $RB3 oRefe STEFK aFrEREiBApati #3cht RE ES heat

ener gy ofotdbizators emdspaiodicdlly deviptlingi la HestySérsrdorcRopgelt i Ng a
charge for._.t \gﬁ.m s h e use of an individual unit of a
Q%r bﬁg? | nghaﬁg %}%Qtﬁ%%%gi\%

mul ti - uni idual unit has a plurality of energy
consum ng hot ' wek eredets cascokvsth drschesxjedisalimt arechiving utke each

suppl i edclyr@nbototdl Sfiedt MexE9ReA&INY SE NDACH 06F A580E1 Bbesh Wakheeach of
the hot waler Piedeg:xddih 0 fEA%: CO11 JeLLILRI NG Mhep g uiE,Uni ts of
energy information, and’ -
a host computer for receiving the total heat energy
information from said remote receiver and computing a heat.
energy charge for the individual unit.

;i.- A sBystem for computing a charge for the water related
energy use of a device-which consumes hot water "during use inmn
an individual unit of a multi-unit building wherein the device
is supplied by a hot water pipe, comprising
a monitor associated with the hot water pipe including

teans for determining when volume units of "hot water
have flowed through the hot water pipe as hot water is
discharged from the hot'water device, '

means for sensing the temperature of the hot water,

means for defining the heat energy of each wvolume
unit of hot water flow by multiplying the volume unit of flow
by the sensed .temperattlfe,

a total heat energy totalizator having a current heat

_ energy total that can be read, )

: means for updating sald total heat energy totalizator
with the heat energy defined for each determined volume unit of
flow of hot watexr, and .

a transmitter for periodically transmitting the
current total heat energy reading of said total heat energy

" totalizator, and

—_— This is the replacement sheet

Date: ‘@ c o 208



have fl owed through the hot water pipe as hot water is discharged fromthe
hot water device, neans for sensing the tenperature of the hot water,

means for defining the heat energy of each ,volume wunit of hot water flow
by nultiplying the “volune unit of ¥8ow by the sensed tenperature, a total
heat energy totalizator having a current heat energy total that can be
read, neans for updating said total heat energy totalizator wth the heat
energy defined for each determ ned volunme unit of flow of hot water, and a
transmtter for periodically transmtting the current total heat energy
readi ng of medrd tfehalredtedvimneegsh todmdmizaedr cuamenheaesaflorheatei ving
each traps & L glﬁg%f}%ﬁO{té‘{aﬂ%toreaﬁagpfeﬂ%qlcagl of c&aGk phgsai d
totallzaf: rio ut i gere%¥ char e?or t he

i ndi vi dear . Gﬁﬁm wkzarglep léphmd’d?ﬁsn;tp ‘ﬁqﬁﬁr ﬂﬁétg FoYorFe[98:8: 17 i?
A syst emef eevmbkageﬁgdﬂwyge fretetnel vatretrentekat el hexnter gpenrgg of an

i ndividual,,unit of a multi-twit building.- according to claim 11, wherein
sai d negaft §-"- ¥ recei vi ng each transmtted current total heat energy

readi ng19f RawyseimSad Jgpali th%hQBQeDQBkOGH}feaHL%eC:O”PHihEQda heat
ener gy ch for the indivi unj t cgaprises a re. elver for
peri odl%%%gg’ r'eeei OF ng™t h’é‘dlfgé &t WPt al® e?it “’é’;&g’?mr agflﬁg df*Seach of
sai d toredoridag tenelgimtidt al wimatesns sadd perpadifoal pceiwningi trickg t ot al
heat  epfiliitpl@’ MBhiGhe aNdra® HOSt COARMPET fodafigreiyfngdaig total
beat ener@ilzator and periodically computing a heat energy charge for

the individual unit comprises

a rxemote receiver for pericdically receiving the
current total heat energy reading of said total heat energy
totalizator and periodically transmitting total heat enexgy

_ information, and _ '

a host computer for recelving the total heat energy
inflé:cmation‘ from said remote receivexr and computing a heat
enexrgy charge for the individual unit including the heat energy
us;zd by the gdevice.

—
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information fromsaid renote receiver and conputing a heat. energy charge
for the individual unit. 1 3 A systemfor conputing a charge for the water
rel ated energy use of a device "which consunes hot water 'during *itse in
an individual unit of a mtilti-unit building wherein the device is
supplied by a hot water pipe, conprising a nonitor associated with the hot
wat er pipe including neans for deterai ni ng when vol une units of' hot water
have flowed through the hot water pipe as hot water Thg is HeSRrc8Rent dHegt t he
hot wat er device, neans for sensing the tenperature of the hot water,

means for defining the heat energy of each volune wunit of hot water flow
by multiplying the, volunme unit of flow by the sen§@§”tenﬂgqa re,a total
beat energy totalizator having a current heat energy total th 5’&53 he
read, nmeans for updating said total heat energy totalizator wth the heat
energy defined for each determ ned volune unit of flow of hot water, and a
transmitter! for periodically tranémitting the current total heat ewergy
readi-ng of Faid total heat eneré&J totalizator, and This §§|the regigcenent
sheet Date LOM 18 .neans for receiving each transmtted Furrent reot al

heat energy; reading of said totgjzator and periodically = uf i ng la- heat
ener gy charige including the watepyrel ated energy use of e [device
represented by a received currentitotal heat energy reading.| fL4.] A system
for conputilng a charge for the water related erielgy use df |ah. | ndividual
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accordingto cltarm 13, wherein said nmeans for receiving each transmtted
current total heat energy'. reading of said totalizator and periodically
conputing a heat energy charge for the individual unit conprises a renote
receiver for periodically receiving the current total heat energy reading
of said total heat energy totalizator and periodically transmtting total
heat energy information, and a host,conputer for receiving the total heat
energy information from sai d renote—fecelver and conputlng a heat energy

charge for the individual unit including the heat ener used fﬁsﬁ
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