5 August 2005 | Al R-CONDI Tl ONI NG SYSTEM Fi el d of the invention The present
I nvention relates to an air-conditioning system Background of the

i nventi on Modern buil dings generally have | arge areas of glass and a w de
range of internal tenperature requirenents, with both internally- and
external | y- generated heat |oads. This diversity necessi ta‘ié@gﬂag@%
tenperature control and high levels of air purity in order to ensure
adequate confort levels even with hlgh occupation densities of people and
equi pnment. Internally generated heat |oads contribute to a large extent to
the total cooling load or the total heating |oad. The main internal heat
sources being electrical an | e i i and high illum nation
densities. Localised cli mtglé'&é'&bﬁ)ﬁmm Y j-:e'lgsary in large open-plan
areas where individual workstations or equipnment positions may require

di f f er ent Field @fdhatdmyertiont is becoming nore and nore conmmon to find people
and equipnent in the sane office, requiring variation in thermal provision
both in terThige pfesantinvendiongglaies toen air-condliteisg susteohanges.

Hi gh-technol ogy areas, such as conputer roons and control roonms, normally
requi re aBackgrouwnd ofithedmeerstionluri ng the winter since the heat produced by
the equi pment normally exceeds natural heat |oss. There is therefore the
need for a Fﬁéﬁbﬂﬂbumﬁﬂalgren@%l | haviihge SY6a£ BF Witissharsda wideeringeedty
control conditions in the  building and which has the flexibility to adapt
to the rahtprnak tesmprratver regeireranisouwithr h ainternallyr f fade extesdaliyms.

areas. eSSt fRatbBeST B dpraty looditalelaine FBhBoaRite Sntl el o ™
There mayhigh Ievéne! dfagie pusityd #imarderf or endiaat aduhaitd consfortnigvelBasvenmaithged

I ndependent|ly with significant energy wastage. Furthernore, npdern
bui | di ngshighvecoupatien dlenisfiesolspeapietandpavipinent. Intemnally generated heat

loads contribute to a large extent to the total cooling load or the total heating

load. The main internal heat sources being electrical and electronic equipment

and high illumination densities.

Localised climate control becomes necessary in large open-plan areas
where individual workstations or equipment positions may require different
temperatures. It is becoming more and more common to find people and
equipment in the same office, requiring variation in thermal provision both in
terms of Watts per square metre and seasonal changes. High-technology
areas, such as computer rooms and control rooms, normally require air
conditioning even during the winter since the heat produced by the equipment
normally exceeds natural heat loss. There is therefore the need for a heating
and air conditioning system which can effectively control conditions in the
building and which has the flexibility to adapt to the range of needs over the
various areas and in different seasons. Independent systems are normally
used for the climate control of different areas, excluding the possibility of
synergy and of intelligent control. There may be simultaneous demand for
heating and cooling, each managed independently with significant energy
wastage.

Furthermore, modern buildings have to be designed so as to enable a



5 August 2005 2 high flexibility of space configuration and occupation. It
foll ows that space configuration and occupation can change many tinmes over
the life of a building and it is therefore inportant to ensure that
air-condition systens can be easily adapted to such changes. EP-A-0281762
describes an air-conditioning systemincluding a pluralitybéugusat 2005
conditioners installed on different building floors and heat pipes of a
gravity type for effecting thermal2 conveyance. Cooling heat pipes connect
vaporizers in the air conditioners to a condenser in an ice reservoir.

War mi ng hbigh flexbiity ofrspacie configuratios and tdesupationsolidicllpwsethatt pace

vapori zer in.a hot water reservoir. A heat chill W i and a
ot wat or cigngfion #Rt Bocub&igh b eanag Franh s Ve e 4% bE Bl e’ o
wat er -t ankpd ThishBRFSrePinfSortarit-toCgHidird st AIBcoNditiomsyerans chatws easily
conplicated control systeminvolving level detection of the volatile

t her mal nedapiedita sueh ahemgepi pes, which does certainly not allow a
fl exi bl e adaptation to changes in space configuration and occupa- tion of
t he bui | di ngEPchi0R81 762 déseribes am aipconditioaing systepriobludingia dqdurajityngf t he

t invention is t i de_a f1exi bl d i .
B < conai AiFcanHgnsE: kbR oS hrapCBupiee Bt 807 rEL BRATY 2 o ur o

control agyﬁ:ei for WHehing TREAnaSchwEyBHEE 208811y HRBR PibdsOomedit vaporiaas
cool i ng. I ed by

i's problem’is solv a air-conditioning systemas clainmed in
claim 1. Butheaay cohditibeerteatdandeasbuin anrige aeservoiidyarering degy Hinaesd i n
accordance wth the present |nvention,.conprises a hot e | L bution
circuit, 50%%? _9\%'? NSRS IR idn CBP?'_!E'EIP? a_ltl% 4 V%%ﬁlzgmbyéoﬁbfg ﬁal air
condi ti onid@riit.t A-hdaRCpurh dHIRSEWItR'dA Rl afdra GRDWdtbPMaking devide is _
conprises a fan for blowng air in a space of the building, a heating coil
connect edcennedied hetwean éhe ilestesenwi and Hie boi wataidaok. Bhis beiat pipecaii con-

nected o fhggRhg dkeh MBS #2oRdittids cSRraWstdth hGORRINER
detection of the volatile thermal medium in the heat pipes, which does certainly
not allow a flexible adaptation to changes in space configuration and occupa-

tion of the building.
Object of the invention

A technical problem underlying the present invention is to provide a flexible
and energy saving air-conditioning system for buildings which necessitate zone
temperature control and in which there is a simultaneous demand for heating
and cooling. This problem is solved by a air-conditioning system as claimed in

claim 1.
Summary of the invention

A building air-conditioning system in accordance with the present invention
comprises a hot water distribution circuit, a cold water distribution circuit and a
plurality of terminal air conditioning units. Each of these terminal air condition-
ing units comprises a fan for blowing air in a space of the building, a heating
coil connected to the hot water distribution circuit and/or a cooling coil con-
nected to the cold water distribution circuit. An ambient temperature control

system allows to controll heating power of the heating coils and cooling power



systemallows to controll heating power of the heating coils and cooling
power 5 August 2005 2a of the cooling coils. In accordance with an

i nportant aspect of the present invention, the system further conprises a
calorific energy managenent system including a energy provider with a heat
punp cycle that is capable of transfer- ring calorific enebdugusbtd®he col d
wat er distribution systemto the hot water distribution system In a
preferred embodi nent, the energy prd®ider is further capable of
transferring calori fi c energy: a) fromthe cold water distribution system
to at nospblethe caoling )coilsoin tisectansspwith ean imphgahbaspacteof dhetpresenti on
system The calorjific I managenent s mis capabl e of na |ng t he
cal orifi cné(ﬁ@&aﬂﬁ 4‘?8{%@? 5‘9%'6 a%orﬂB”ﬁ%ﬁ ﬂt%?(?{%&%n%'gy mm@?ﬁﬁﬁyﬁq BWels in
the hot  maghdiy rgy pr&ViaL W&had‘ﬁleép pORb! Skt s %pﬁ@l@ﬁé‘ﬂﬁéhﬂ@r—
wherein opti m5| ng 5 August 2005 3 energy corisunption neans e. g.

m ni m sat fing oalorgimQMrgwrﬁerVteen@!dgvatafmstmbptlonrsy@tem toi ﬂilerrh@tawaéﬁf of

gl obal 0st s f the air- rson |t|on syst m si ng

aner gy conetiRuiBevsRE: I o RiFrEant ARy Y Stk Pkt 3 Fudranger

nmeans capgp#blefoft transferfifid rtﬁal@rﬁid)l’ehbrg?y eél)emm fthé%olti h@atar distitiigion

distribution systemto at m)sphere in free cooli n% process. For optim sing
4

cool i ng e$ise&tgm toratmespherg, anskc g‘méhemﬁpagr hat waterdisibutionol i ng

energy bu r ur pl us
cool i ng e%si f?’%ﬁt@%%ﬁ%@ W&ﬁﬁb ﬁi‘e ’Ee,[%ﬁé géﬁ coo% néﬁ' en%r gy in
advance \A@@Ianﬁ@enétyydrénsfé& §®as m@maemtrgprensadeﬁnperatmen@wéls imthe lote t he
nost advant ageous, and this independently fromthe nonmentary denmand of

cool i ng eA@dd Q?'d weter@ﬂpwﬁs anddo IQ@HN'%GBQQY@P%HBM@M M‘er@'ﬁé@%'?@ﬂ\
advant ageously in- cludes a heating energy buffer tank. This buffer tank
allows to store a nonen- tary surplus heating energy or-from anot her point
of viewto produce heating



energy in advance when the conditions for heating energy production are the
nost advant ageous, and this independently fromthe nonentary denmand of
heati ng energy. For satisfying peak demands of heating energy, the system
advant a- geously includes a heat generator capable of producing calorific
energy and of transferring this calorific energy to the hoAugase2005

di stribution system Energy consunption is further reduced if the calorific
energy managenent systemis capabBe of nonitoring the cooling/heating
energy requirements of each of the termnal air conditioning units and of
set - poi nt enengiyatoosuraptiomemeahd egnda hminindgagionc iof cgibbal emipearyt energyi n

function of the cooling/heating ener |renents the termnal air
condi t | onfRPIRPEEY oF1E B TYsARRE o g ATy o Jbp eAi-cbRatoRg
advantagegﬂﬁéy,capable of managi ng the calorlflc energy transfers taking
I nto account gl obal building heating/cooling requirenents, outside

climtic pf’ifﬁ Tf@&ﬁ%ra:&ﬁtlﬁ'ﬁél ré!néi’é? % | Sf'}ﬂﬂ)‘l'tstthéoggstén?%ﬂ/ént rt‘j%o%ﬁ/er to

enabl e a high flexi ty of¥spac at1'on and occupatio
wat er di sincludeisi amheat exchianged mdansaaphbleabitransietringcalorfic enenyy ftromdvant a-

geously ipclu fitting connections at re I nterval s for

connect i n@"e Q(ﬁérv&t%gr é‘sﬁgﬁ’tt'loﬁgsyé& ? PE’EB%‘E‘?‘?"%F #ée%SBP\L%pEQﬁeISSby neans of
fl exi bl e tubes. The terminal air condi t | oni ngi units are_ advant ageously

i nstal | ed i nFar ppimisingncseting eneray Produetions theisystem adansagemisie in

suspendedeiabb i holtRe BBy 1R baNR s Yl AR Afbwetd sABdh Fibdg uni s

take in arr rom en emna alr conditioning uni t

advant agetaurg surplosTeooes efergydort-afromcasathgr poimmt)édleew-g-to protiuceacddlingr panel
of a raised floor. This npdular casjng includes a sulp%ély air out| et
connect edeR@raYrNzadvangecwh ghithe; spndiions sepling, gBEraynBrodyetign quf}qﬂthSopem ng

L5 o’ STHERAES: AEHRRURL Shd SRR o Acfagiag o o
t hr ough t demand ofdoetingendrgyd t he fl oor panel into a building zone
For optimising heating energy production, the system advantageously in-
cludes a heating energy buffer tank. This buffer tank allows to store a momen-
tary surplus heating energy or—from another point of view—to produce heating
energy in advance when the conditions for heating energy production are the
most advantageous, and this independently from the momentary demand of
heating energy.

For satisfying peak demands of heating energy, the system advanta-
geously includes a heat generator capable of producing calorific energy and of

transferring this calorific energy to the hot water distribution system.

Energy consumption is further reduced if the calorific energy management
system is capable of monitoring the cooling/heating energy requirements of
each of the terminal air conditioning units and of set-point variation of the cold
and hot water circuit temperatures in function of the cooling/heating energy

requirements of the terminal air conditioning units.

The calorific energy management system is advantageously capable of
managing the calorific energy transfers taking into account global building
heating/cooling requirements, outside climatic parameters and primary energy



| ocat ed above the raised floor plenum It further includes a heating coi
con- nected to the hot water distribution systemand/or a cooling coi
connected to the cold water distribution system The heating coil and
cooling coil are advantageously nounted in the nodul ar casing in-between
the fan and the supply air outlet. Such a terminal air cobdiugush20@d unit
may further conprise a filter element nmounted in the nmodul ar casing,
wherein the filter element is repHaceable via an i nspection slot in the
floor panel. In a further enbodi ment, such a termnal air conditioning unit
conpri seschsts. exanpl e a nodul ar casing that is nounted under a floor pane
of a raised floor and includes a supply air outlet, which connected to an

air inlet grirdotderttbeerddomn h@hrr&ixutﬁm} of srpacen@orﬁlmman whtifoacupationn ai r
port and a fresh air port. is nmounted in the nmodul ar casing . so as to

take in athe h@fowﬁeﬁéilﬁmbuhgn chgviband tharald water distituiion ¢iritadve et gri d
in the f'ﬁ86u£g”sﬁkludat ﬁu%ﬁwé’ dAhngCfions P ha pﬁﬂarai?a?éﬁ%afsh?orf e?ﬁﬁé’cﬂ‘rl

pl enum 'S u her € a direc expansion cooling umt for

cooling atl'[érdtdwhiedtlmg coll, respettidheasoplihg cail by médmsbelexiblettobesndul ar
casing the direct-expansion cooling unit may conprise 5 August 2005 5 a

wat er - cool edTRENGAARRI =H0BORGItISAInDouURiRE af® ladvariageonsiyCinstalladdnaa ple-
post-heating coil nounted in the nodular casing and connected to the hot

wat er c:jr Bum spage ethenundgr anaiseg floatrarcaboviesafutsesndedicedind whergia _

g!zggfﬂl %FH;"%Q%J%&%IF‘%@k‘éé@tﬁég:ﬁ rﬁf@j%ﬁzutpp Jroxg e Bféh%'"‘* 58k §2LEn
. I1T1 O stemin or dance

vmpth t he invaCH ﬁ%ﬁgnéi(ﬁ‘?gcon B”ngﬂg @?’V?rﬂagew ¥nC§ FZ{PS@& %\n""t'qpalggcool i ng

requi r enegphsih rﬁB@nt\é’dté‘ auH&értérﬂéor rp@ﬁlél HEHRAIsed Tbot! TRisVRbEalarising t he
external energy suppl for loads in excess of the internal balance; -

t o i nt egr mcludesea Isepp yn@;r auﬂefc@mnewge@maermr inletagrid ingthenBoeerparslaAntbt i on
and SPACE%iF uﬂe{eopemng in the plenum space. A fan mounted is mounted in the
modular casing so as to take in air from the plenum space through the air inlet
and blow it through the air inlet grid in the floor panel into a building zone
located above the raised floor plenum. It further includes a heating coil con-
nected to the hot water distribution system and/or a cooling coil connected to
the cold water distribution system. The heating coil and cooling coil are
advantageously mounted in the modular casing in-between the fan and the
supply air outlet. Such a terminal air conditioning unit may further comprise a
filter element mounted in the modular casing, wherein the filter element is

replaceable via an inspection slot in the floor panel.

In a further embodiment, such a terminal air conditioning unit comprises for
example a modular casing that is mounted under a floor panel of a raised floor
and includes a supply air outlet, which connected to an air inlet grid in the floor
panel and a mixing chamber with a return air port and a fresh air port. A fan is
mounted in the modular casing so as to take in air from the mixing chamber
and blow it through the air inlet grid in the floor panel into a building zone
located above the raised floor plenum. This unit may further include a direct-
expansion cooling unit for cooling and dehumidification of the supply air.

Mounted in the modular casing the direct-expansion cooling unit may comprise



- to sinplify and speed up installation and to reduce installation costs;
and - to provide a high level of systemflexibility so that any change in
the |l ayout of the building can be acconmobdated easily and at | ow cost.
Brief description of the drawi ngs The present invention will now be

descri bed, by way of exanple, with reference to the acconpaugush2@Paw ngs,
in which: Figure 1. is a schematic diagramgiving a general overview of an
air-conditioning systemin accorddnce with the present invention; Figure
2: is a schematic section of a first type of termnal air conditioning
unit; Figwatersooles endehsaraonoecied t¢ the afid wvaterqidt appe pist-heatincnedil ai r
condltlon I i ' gener gy
exchange r:nﬁg?r%a |r]i the rﬁbtﬂh‘érr_caéin'g a%g c%lhgé'@% h @Hle'r clrb\ﬁ 1{0? rgg{\g?ﬁ'l

single rmaiulaﬁerentredgwrmdrﬁcatmter Thel%urgmundrtremngeiysteh'enwrfurtmragclade i@l fmagrt r ati ng

di fferent 0l .| evel s; t F_gur I W ng
col d wat e?'Fgg%@né'ﬁgﬁ‘P@k gﬁ%&eﬁﬂﬂg%cﬁ%&&g HE%S su"r”rg)i ‘.’c??i S@ P&k@g '@@B’Zﬁ‘ i ng on
t her mal | plackam spacali f f erent system op- erating nodes; Figure 8 is a

di agram showi ng hourly progression of primary energy consunption in
January; Fi gl 9 apmreciateiddigataam ailconditipninguaysienpincapcestainos with the inrem-y

energy copsu tion in March; and Figure 10: is a diagram show ng hourly
trends of W wat er terrperature Det ai | ed description of a preferred

ccordance vPurers( R SR80 BR g inGR oS5l reB Pk @one L LReil 2T "
di stributi orrequnrememt drfdl sicd \@rsa;mjsahg(the edtterhbleeergpatsapplgiaily fdrubdadsninci rcui t

12, a pIuraI er. conditioning units 14, which are also
cal | ed zone Fﬁﬂﬂ% LHTP Ib%ﬂ'ﬁf a2 heat | cool i ng generator 16 also called

" ener gy p£° trggEa}Jt% %%eg prﬁ%tr} %r%]goo(f% %ymrn%r rgdu% '8%&@;9 @or%Jn%ﬁoh antd: 12

are conce|ve
space occupied;

» to simplify and speed up installation and to reduce installation costs; and

» to provide a high level of system flexibility so that any change in the layout of the

building can be accommodated easily and at low cost.
Brief description of the drawings

The present invention will now be described, by way of example, with reference to
the accompanying drawings, in which:

Figure 1:  is a schematic diagram giving a general overview of an air-conditioning

system in accordance with the present invention;
Figure 2: is a schematic section of a first type of terminal air conditioning unit;
Figure 3.  is a schematic section of a second type of terminal air conditioning unit;
Figure 4. | is schematic diagram illustrating the energy exchange in the system,
Figure 5: is schematic diagram illustrating a single module energy provider;

Figure 6; is schematic diagram illustrating different control levels,




eral energy distribution |oops in a building 18. Various zones 18, 18",
18"' of the building 18 require cooling and/or heating energy according to
their specific needs. The whole air-conditioning systemis conceived with
a simlar logic to that of electrical energy distribution: cold and hot
wat er distribution networks are installed in the buil di ngd28i1gusti2002n,
according to individual needs, local termnal units 14 draw on the primary
distribution to guarantee tenperature and humdity control in the different
zones 18', 18", 18", while the enerﬁgy provi der 16 maintains the energy

| evel s of the two energy distribut®on |oops 10, 12, interacting with all
the system conponents to optim se energy usage. Al connections on the
ener gy di Eigurendt i ol Rodiggrany, srmwiﬁg)rcotdh@vatqrotmnmeéahwaandumritr@rﬂ@n&rgy
preferably of a q“b&%uﬁf&ﬂaﬁ%h&’é‘déwﬁu@“ InIGQdWIﬁ glffefrélﬁ)@ygﬂeﬁ op-
pre-insulated piping to warrant an easy I nstal atlon arious types of
termnal air condiefating mpdesits 14 allow effective air condi 5 August 2005
7 tioning in various zones 18, 18", 18"' of the building. These zone

termi nal bigutes8:14 ispr diapthen swlh@@puﬁngp@@maswg offprimesy enefigyicensymplinies 18
18", 18"' in whichtpey_are installed. They are advantageously designed
for installation in a rairsed floor plenum 20 to maximse flexibility and

i nprove t of t i nit 14
that 15 coguliTE or b BEBrart Lfowiq HORME pfbo] B Wt priley BAGRY AR e T s
mount ed under a flindvanghnaid 32 of a raised floor system Thi s nodul ar
casing 30 includes a supply air outlet 34, which is connected to an air
inlet gribigee 1 tise diagram ghaowing Boyrlydremdaof sipply waler te@peraloiesh i s | ocat ed
inthein the raised floor plenum20. A fan 40 is nounted in the nodul ar
casi ng 30Detailed desctiptien of a preferfedoembodimenitsed f| oor pl enum 20 t hrough the
air inlet 38 and blow it through the air inlet grid 36 in the floor panel
32 into the bgi I shoys sommmatl diagrgm of 1 air-consditianingagystem in Aecaordansevitl oor

pl enum 20 Iy ) B} ;?s{ﬂgln ot t

nmodul ar c?s?ﬁ)nrgg% "ﬁ%? \ﬁ\/‘gﬁer;r I% an%g@lp;.g%, ?%e \Snréf}ar%i/s?%tlmr?ﬂg ‘ﬁﬁ‘."{ ”I‘O%HS A
filter el eotdforchiled) waten distribgitiom cirduit Taaamltaalltmtten@um)alnsommlmmunitﬁ r

1 SR OBl e i GHATRE g oo

called “energy prowder” 16.

The hot and cold water distribution circuits 10, 12 are conceived as closed periph-
eral energy distribution loops in a building 18. Various zones 18’, 187, 18" of the
building 18 require cooling and/or heating energy according to their specific needs.
The whole air-conditioning system is conceived with a similar logic to that of electrical
energy distribution: cold and hot water distribution networks are installed in the
building 18 and then, according to individual needs, local terminal units 14 draw on the
primary distribution to guarantee temperature and humidity control in the different
zones 18', 18", 18", while the energy provider 16 maintains the energy levels of the
two energy distribution loops 10, 12, interacting with all the system components to
optimise energy usage. All connections on the energy distribution loops 10, 12 for the
zone terminal units 14 are preferably of a quick connection type and combined with
flexible pre-insulated piping to warrant an easy installation.

Various types of terminal air conditioning units 14 allow effective air condi-




Wthin technical zones, such as zone 18"', fresh-air inlet and

dehum dification of the air are generally not required. For such
applications termnal air conditioning units 14 must nmainly provide
sensi bl e cooling. Consequently, the terminal air conditioning units should
have a very high SHR [sensible heat ratio]. However, in arg@ugnstP@05
persons are present, such as zone 18", it may further be necessary to
ensure dehumdification of the space and to introduce fresh air. To carry
out this function a dedicated unit is used to provide humdity control in
t he area concerned. The dehu- nidifier nodul e can be installed under the
floor. The dehum difying unit can e.g. be of the direct expansion air

cool ed t yliRning trhvarwpcﬁoae@r18ari§"cb&ia@ﬁ§@r builsings Thgse @pnederminal unis 4way t he

temperat U@y th@%e%ﬂhgo{;ﬂma &Mf»é iRAtidRa Y kg eﬁe PN B %hr\mcﬁ thdy"are

required atent co raction o ‘otal thermal |oa I'n the
event t hainstehed. Theyeare addaaitggam@lmd@mgnadtfor instalietiers it 9 reisedifiost plenem he

condenser o @ﬁﬂﬁlaﬁﬁﬁ&rﬂ@mlw}a}(g@ﬁrﬁovéﬁ'l‘értf%e'o?sé addugust 2005 8 controlled
ventil ation e area the exhaust air stream can be used for the purpose.
Fig. 3 showspg é%ﬁ&&ré‘g't?ﬁn‘nﬁ %nhltueﬁlrg%n'{%tthétﬁs chB&le b héétungaé%ﬁéﬂo? of

dehum dlflca- tron an res ul ar casin I ncl udes a
suppl y al ingotiheea recdulatvasingi3d thatds masntad undenp flophpanel §2iodazaisedhfigor | oor

panel @%‘fkﬂ@; a‘r"&éém 303 1Wes &Wf{u%ﬂﬂéﬂsﬁ RRIch 8 Qormidtey for esh

air port srmu n the casi hg SO as to take in
ai r from ameirinlgt gfgi %amberﬂoespam@ 32, end ian aiminigtigh, ‘wmr:h isnlosategrin thesp i n  a

floor pangl, r§|§e¢ A& !%@Jn@%ﬁlﬂ JH4F RMGoukRed intRe, mofliar ch8f %‘5@@8%@1#{ ‘f‘ak%he
rai sed floor plenu ) e ermna alr conditroning u

i ncl udes a aii frewtthe xased floor plemuh i28dhiough tesair dntetcifbanchjlouniy through the
dehum di f | , dykar, the
i roct - extb st aaR i e feibaheftd md MUBLRAing Bohd for TBY b oed Bvel 10
evapor at othecaisked 6I80apienmw@ﬁ & heatinigeabil cehareh seoling rooil @mmommm in the

connect ed ' | [ unt ed
downst r ea%EQ%%PE%sgﬁ%g%%ep %éng%e%/%%%? g@ i’% $’P€%é%§co%ﬁg%téé 0 the
hot wat er4& isrmaunted trmrmodtﬂheasnnm?ﬂ hetwaten tiag aizrinlet 38 drdhthe fainf40c dhison i n

;Ihre g'oggfﬁlt g eﬁﬂgﬂt vaﬁ@gﬁélisw'!'%plaocggﬁlg é gg .ﬁ%}%tcuém L;:I%t ﬁgq# e h&grm nal

panet 32.

Within technical zones, such as zone 18", fresh-air inlet and dehumidification of
the air are generally not required. For such applications terminal air conditioning units
14 must mainly provide sensible cooling. Consequently, the terminal air conditioning
units should have a very high SHR [sensible heat ratio]. However, in areas where
persons are present, such as zone 18", it may further be necessary to ensure
dehumidification of the space and to introduce fresh air. To carry out this function a
dedicated unit is used to provide humidity control in the area concerned. The dehu-
midifier module can be installed under the floor. The dehumidifying unit can e.g. be of
the direct expansion air cooled type with evaporator and condenser coils in series. In
this way the temperature of the cold loop does not have to be constrained to that
required for latent cooling, a fraction of the total thermal load. In the event that the
latent loads are high, it is necessary to dissipate the condenser heat externally. Where

there is



wasted but is transferred into the hot water circuit 10 and used in

buil ding zones 18, 18", 18"' which require heating. Referring again to
Fig. 1, it will be noted that the air-conditioning systemmy fur- ther
include a fresh air conditioning unit 78 (also called air renewal unit 78),
whi ch capabl e of pre-conditioning fresh air and of suppl ypdgigust 2802 t he
pl enum space. The energy provider 16 and the energy network 10, 12 (hot and
cold | oops) are controlled by a thermal managenent system 80 which

mai ntains the tenperature level in the two |oops 10, 12 with the m ni num
consunption of energy under all oper8ting conditions. The energy provider
16 works on the basis of heat transfer between the hot and cold | oops 10,
12, as a santefledvendifationof theaaraa the exdalistaingiteanpean brused fer gl PUTBRiS s 14. | n
thIS way the tenperature |evel of the two Ioog; 10, 12 is maintained with
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wi t h ref-modular casing, the direct-expansion cooling unit advantageously comprises a
dehumidifying evaporator coil 68 and a water-cooled condenser (not shown) that is
connected to the cold water circuit 12. A post-heating coil 68 is mounted downstream
of the dehumidifying evaporator coil 68 and connected to the hot water circuit 10 for
reheating the air after its dehumidification in the direct expansion coil 68. It will be
noted that with such a terminal air conditioning unit 14”, condensation heat is not
wasted but is transferred into the hot water circuit 10 and used in building zones 18’,

18", 18™ which require heating.

Referring again to Fig. 1, it will be noted that the air-conditioning system may fur-
ther include a fresh air conditioning unit 78 (also called air renewal unit 78), which
capable of pre-conditioning fresh air and of supplying it into the plenum space.

The energy provider 16 and the energy network 10, 12 (hot and cold loops) are
controlled by a thermal management system 80 which maintains the temperature level
in the two loops 10, 12 with the minimum consumption of energy under all operating
conditions. The energy provider 16 works on the basis of heat transfer between the
hot and cold loops 10, 12, as a function of the thermal requirements of the terminal
units 14. In this way the temperature level of the two loops 10, 12 is maintained with
the minimum level of energy



erence to FIG 4. The heat punp cycle of energy provider 16 is capabl e of
transferring the heat extracted fromthe cold | oop 12 and the power
absorbed in the heat punp cycle to the hot loop 10. If the required
tenperature is reached in the hot |oop 10, the excess heat of condensation
is dissipated externally (cold sink with infinite capacityA8gupt20056t he
event that cooling is required during the winter season (e.g. in technical
zones 18"'), the energy provider 3 can use external air for free cooling
of the water in the cold loop 12. If during the cooling function the |oads
are | ess copRsumpdombecausy only toppingaysistiegquired.i ncrease the tenperature in
the cold loop 12, thereby increasing the system COP wi thout | osing

t enper at ur e boorded td neddee $pac eniniimemether ggmngund \ofdemerggg eorssunmad,nthei ns t he
tenperature.in the hot |o 10 by using the heat punp cycle. The heat
energy i sSHHed ﬁ?&ﬁ%%ﬁﬂ%@'%% SeYFFS- August 2005 10 12 or, if that has
al ready reached the required tenperature, fromthe outside environ- nent
(hot source & hatwaterdistebalion 1pog2o10; 1 n the event that the heat produced
by the heat punp cycle is not sufficient to cover the thermal requirenments
of the buil d2ngcald,water distripgion lobp %26 use a traditional boiler 84 as
top-up. The control system 80 can eval uate thernal behaviour in the

i ndi vi dual zB8neextamhil gmvircas®ent B&; data to identify trend Iines for
tenperature and hum dity paranmeters, necessary to anticipate the actions
of the energy. paddatipumibeydietr t hernore the incorporation of energy storage
within the systemcan help to bring simultaneous heating and cooling

requi rement s5MDE §rdd$ddlingystéint he obvious benefit of the overall system
efficiency. The tenperatlré levels in the two |oops 10, 12 vary accordi ng
to the therpgal | [ ar ' t he
energy provi érobg%gm%é I%cﬂn%ﬁ’gﬁ (gﬁat%g?a%é@dﬁ{gcgééﬁﬂs y O%Hcﬁég“lq% as a
modul ar unit topegmad@antee maxi numflexibility in different applications.
Each basi c nodul e has for exanple a cooling capacity of 150 M Up to a
maxi mum of sifxdrigenBible codlindectsiad! uRitdAral usid ahd if humididy cohttokiker gy

provider 16 _is extrenely versatile and_suitable for accurate control even
with ext r aphieyed i alegicated unit, it is possible to have a relatively high tempera-

ture in the cold loop 12 with a consequent rise in the coefficient of performance
(COP) in the production of cooling with a refrigerant vapour compression cycle,
or to extend the use of free cooling.

The basic functioning of the energy provider will now be described with ref-
erence to FIG. 4. The heat pump cycle of energy provider 16 is capable of
transferring the heat extracted from the cold loop 12 and the power absorbed
in the heat pump cycle to the hot lpop 10. If the required temperature is
reached in the hot loop 10, the excess heat of condensation is dissipated
externally (cold sink with infinite capacity 82). In the event that cooling is
required during the winter season (e.g. in technical zones 18™), the energy
provider 16 can use external air for free cooling of the water in the cold loop
12. If during the cooling function the loads are less than the maximum, it is
possible to increase the temperature in the cold loop 12, thereby increasing the

system COP without losing temperature control in the space.

The energy provider 16 also maintains the temperature in the hot locop 10
by using the heat pump cycle. The heat energy is obtained from the cold loop



thermal | oads. The basic nodul e is advantageously equi pped with four
conpressors 90 that offer the possibility of further capacity control
steps. "Scroll" technology is advantageously chosen for its benefits in
terns of noise levels and efficiency. The refrigerant used is

advant ageously HFC R407C, in accordance with regul ati on CEAUgYSY20¥D0 for
protection of the environnent. The condenser system 92 advanta- geous uses
two heat exchangers in parallel: if Theat | ng is required (heat punp or heat
recovery function wat er cool ed condenser 92' of the plate heat_ exchanger
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the finned coll type 9 (di ssipative condenser). The evagorat i on system

i s conposbepteump %Wclfz'éd‘obﬁ'aftf'@ew‘atpé?o\’e'tTbert@fmabéﬁ%lﬁﬁnﬁ@ﬁfﬁé 2 Reliiieg 1@4 t hat
s used WRRLdsaRIcHUsBE MRAIGHaPSOIRP 88 alRRlp. Chi 11 er (1 0ad evaporator),
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|t|on|ng semln accordance with t
present i sxstatn ebisiangy.ofhe tpmpterailunedevalmméln@amo Ipeps b@an?ovamgcmﬁdmﬂ%we (1)

t he cool 'fPu&th%dsﬁnﬂWr%}.nE%ré% nmuch greater magnitude than the heating

| oad; (2) operation in coo mode is required all year round, in view of
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i nsul ati on. be appreciated t contr e alr-conditioning
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100: air LeReidhsUEScH PO Byt asTH! el aldoBffd Bibacity of 150 kW. Up to
a maximum of sixteen units can be used in paratlel. In this way the energy provider 16
is extremely versatile and suitable for accurate control even with extremely variable
thermal loads. The basic module is advantageously equipped with four compressors
90 that offer the possibility of further capacity control steps. "Scroli” technology is
advantageously chosen for its benefits in terms of noise levels and efficiency. The
refrigerant used is advantageously HFC R407C, in accordance with regulation
CEE 2037/2000 for protection of the environment. The condenser system 92 advanta-
geous uses two heat exchangers in parallel: if heating is required (heat pump or heat
recovery function) a water cooled condenser 92’ of the piate heat exchanger type is
used (load condenser). Otherwise, the heat of condensation is dispersed into the
atmosphere by means of a reversible heat exchanger of the finned coil type 92"
(dissipative condenser). The evaporation system is composed of a brazed plate water
to refrigerant heat exchanger 94, that is used when the system operates as a water
chiller (load evaporator), plus the above referenced reversible finned coil heat

exchanger (dissipative evaporator), used




in each zone (local control). 2. plant level 102: nmmintenance of the | oop
tenperatures at set-point val ues. 3. systemlevel 104: optimsation of
operation for |east energy and eco- nonmic cost taking into account

bui | di ng-pl ant interaction and maki ng use of adaptive control and thernal
| oad forecast techniques. The microclimte |evel 100 concedfagush20dd

wi thin each individual zone. The user sets the space set point that the
control nodule 106 maintains by cohtrolling the three way valve of the
heating or cooling coil. The plant |evel 102 concerns the operation of the
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It will be appreciated that control of the air-conditioning system takes place
at three levels (see FIG. 6):

1. microclimate level 100: air temperature and humidity set-point tracking

in each zone (local control).

2. plant level 102: maintenance of the loop temperatures at set-point val-

ues.

3. system level 104: optimisation of operation for least energy and eco-
nomic cost taking into account building-plant interaction and making use of
adaptive control and thermal load forecast techniques.

The microclimate level 100 concerns control within each individual zone.
The user sets the space set point that the control module 106 maintains by
controlling the three way valve of the heating or cooling coil.

The plant level 102 concerns the operation of the energy provider 16. It
monitors the temperature in the cold loop 12, measures the deviation from the

set point and provides the necessary cooling accordingly. With regard to the

production of cold water, the energy provider 16 also monitors the temperature
of the outside air to assess the possibility of using the free cooling function.



change the paraneters of the control algorithmto enforce energy storage on
the basis of an analysis of the trends of thernmal paraneters of the

buil ding or by adjusting systemcontrol actions and nonitoring the
reaction of the system At the mcroclimte |evel 100 the various zones
(with one or nore terminal nodules 14) follow the space sBtAymist085 t he
thernostat, nodulating the valves of the heating and cooling coils.
Humidity is controlled independentI® by the dehumidification nodul es. At
the plant level, the energy provider neasures the return tenperature in
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ot herw se™ produci ng efrigeran npressi on wt e cost of
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cooling |oad has been defined, the anount, of heat available for recovery

i s cal cul aEkigve MAYWTHER enssEY rsayiNg evehe PYNHicaps peKo mﬁo'é?x?'ﬁ‘ipie-p@ient t he

fol I ow ngsppssd BF hbt or cold water, control of free cooling and generally actions that
change the parameters of the control algorithm to enforce energy storage on
the basis of an analysis of the trends of thermal parameters of the building or
by adjusting system control actions and monitoring the reaction of the system.

At the microclimate level 100 the various zones (with one or more terminal
modules 14) follow the space set-point of the thermostat, modulating the
valves of the heating and cooling coils. Humidity is controlled independently by
the dehumidification modules.

At the plant level, the energy provider measures the return temperature in
the cold loop 12 and estimates the cooling capacity requirement (to which
calculated cooling capacity must be added the “fictitious" cooling loads deter-
mined by the energy storage algorithm that operates at the third control level).
The percentage opening of the 3-way valves 110, 112 of the terminal modules
(see FIG. 2) allows the maximum increase in temperature in the cold loop

consistent with the heat load to be evailuated.

On the basis of these data, an algorithm at control level 3 increases the
temperature set-point of the water supply, with limits that take into account the



ties are evaluated by the level 3 control. If the demand is i nmediate and

|l ess than the heat energy avail able, heat recovery is used and the bal ance
di ssi- pated by the air cool ed condenser. Heat recovery penalises the
condensing tenperature. If the demand is i mediate and hi gher t han t he
heat energy available, the system decides, on the basis ob Augustgqonic
conparison in which the eval uatlon of the PER (Primary Energy Rati o) of
the heat punp cycle and the boiled3efficiency has a prinary role, by which
means to generate the necessary additional heat. If the demand for heat is
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(CoP). ties are evaluated by the level 3 control. If the demand is immediate and less
than the heat energy available, heat recovery is used and the balance dissi-
pated by the air cooled condenser. Heat recovery penalises the condensing
temperature. If the demand is immediate and higher than the heat energy
available, the system decides, on the basis of an economic comparison in
which the evaluation of the PER (Primary Energy Ratio) of the heat pump cycle
and the boiler efficiency has a primary role, by which means to generate the
necessary additional heat. If the demand for heat is not immediate, some heat

energy is stored in the hot loop buffer tank.

At the third control level 104 the performance of the system is assessed
over a longer time band compared to the previous levels. The result is to
modify the parameters of the control algorithm, such as the temperature set-
points of the loops and to activate "fictitious” thermal loads to favour heat
recovery when the actual loads are out of phase, setting them to obtain

maximum efficiency.

Level 3 control also determines the operating condition of the energy
provider (cold water temperature, percentage split of condensing between
water and air, percentage split of evaporation between water and air).



The sinul ation nodel also includes a finned coil heat exchanger for free-
cool i ng, when operating conditions permt. The sinulation program

hi ghlights the energy savings achi evabl e through careful managenent of the
overall system The optim sation logic is to operate wth the highest
possible return water tenperature in the cold | oop and the5 Auywst20fbssi bl e
in the hot loop that will still permt the cooling and heating | oads to be
met. These choices may not al ways bkt easy in the presence of thermal | oads
which vary both in anplitude and frequency between zones. A few term nal
uni ts i n Pastrigtidraof & simfilation pabdransi t uati ons could i npose a tenpera- ture
| evel that is too onerous for the system In this case it is necessary to

eval uat e whefrheginiungtet thepenbitel aiF-coinditithind wystenm & keniputerc prograhs wasul d be
based nore on the average needs of the zones and not just qgn those few

subj ect twntteBr # ineldAgizhyhelsheetieo Ak subtputings: eagh shatacteniniag @osiRgleage t he
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tinme, ers, o eat exchangers for free cooling. A
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poi nt between the various 5 August 2005 15 conponents to be established.
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vapour supgint§Rthéthebh&afsfer flowdf thd eletiign pairameters dfuhetrotoraind the _
calibration of the thernostatic expansion valve) and the liquid subcooling

: . )
at the oufefdgewtionandbertepirep coghicignis of pedermpaneee(ePBlator with a
fl ooded condenser, or equal to zero if thereis aliquid receiver). It is
assuned t haflhersimeiations medeli atsccincludeg. a finnadroaiisheat exchanger feoggenot
i nfl uence _t he eration 'O]éctorﬂ% circuit. in that it adapts itself to the

bal ance Cgﬂfalmq.o rggperﬁ\}ln itiobns permit.

The simulation program highlights the energy savings achievable through

careful management of the overall system. The optimisation logic is to operate
with the highest possible return water temperature in the cold loop and the
lowest possible in the hot loop that will still permit the cooling and heating loads
to be met. These choices may not always be easy in the presence of thermal
loads which vary both in amplitude and frequency between zones. A few
terminal units in particularly unfavourable situations could impose a tempera-
ture level that is too onerous for the system. In this case it is necessary to
evaluate whether the temperature of the fluid in the two circuits could be based
more on the average needs of the zones and not just on those few subject to
more demanding conditions. The control system has to manage the presence
of thermal storage and must be capable of smoothing loads over time, or top-
up boilers, or air-water heat exchangers for free cooling.

A few examples of the potential energy saving implied in this control phi-
losophy will be given hereinafter, and a few basic schemes for putting it into

practice will be proposed.

The simulation program allows the balance point between the various



the three principal conponents. The convergence of the variabl es towards
the system bal ance conditions is obtained using the secant nethod to annul
the two errors defined by the absolute values of the difference between
two of the values of refrigerant nass flow rate conpared to the third. For
determining the refrigerant properties required by cal cul abifugusb@dddes

i ncluded in the sinulation nodel, an interpolation subroutine is used

( REFPI NT), based on the data tabl e 1§enerated using the cal cul ati on code
REFPROP of NI ST. Although all the common refrigerants have been inserted
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For determining the refrigerant properties required by calculation routines
included in the simulation model, an interpolation subroutine is used
(REFPINT), based on the data table generated using the calculation code
REFPROP of NIST. Although all the common refrigerants have been inserted
into the subroutine in question, this study refers exclusively to the zeotropic
blend R407C. In this case the evolution of the temperature during the isobaric
phase-change processes has been assumed to be a linear function of en-
thalpy.

As described above, the air-conditioning system has been conceived as a
modular system capable of multistep control. To ensure high control flexibility
and increased energy efficiency, in the presence of thermal loads which vary
considerably both in space and time, the system comprises "n" identical
modules, each fitted with a number of compressors 90 operating in parallel, a
plate-type condenser 92', a plate-type evaporator 94, a reversible finned coil
92” (i.e.: to operate either as condenser or evaporator) and finally, an air
cooled coil for free-cooling 96. The capacity control does not occur at the level
of each single compressor 90, which will therefore always operate at its design
condition, but is multistep, switching modules on and off according to the load.



average capacity that it nust provide. A brief description follows of a
single nodul e conprising nmultiple conpres- sors 90, doubl e condenser 92',
92", expansion val ve and doubl e evaporator 92', 94. The multiple
conpressor conprises four hermetic scroll type units with a total nom nal
cool ing capacity of 150 kW In the programthis conponent % éugues2d@dhed by
means of a subroutine that represents the operating curves of the
conpressor. There are two subrouti s that sinulate the evaporators : one
represents the water-to-refrigerant heat exchanger, while the other
represents The prograno detdrmiinges the nireber ok oiostulps to aperate ondhe ibasis of azed
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represents the water-to-refrigerant heat exchanger, while the other represents
the air-to-refrigerant heat exchanger. The former is a brazed stainless steel
plate type and is portrayed by its performance curves. The latter simulates a
finned coil in which the two fluids are assumed to be in perfect counter-flow.
The simulation model is analytic and divides the heat exchanger into discreet
elements, inside which the properties of the fluids and the heat transfer
coefficients are uniform. Depending on the average external surface tempera-
ture, an element may be considered dry (subject only to sensible heat transfer,
if the dewpoint temperature exceeds that of the surface), or wet (subject to a
combination of heat transfer and phase change, if the dewpoint temperature is
below that of the surface). In the latter case the heat transfer potentials are the
enthalpy of the humid air between air and metal and the temperature differ-
ence between the metal and the internal fluid. The variation in the efficiency of
the fins, due to the different heat transfer regimes between dry fin and humid
fin, must also be taken into account. Just as for the evaporators, two different
condensers have been used: one for the water (plate type) and the other
(finned coil) for the air. The former uses the performance curves provided by

the manufacturer, while the second uses an analytical simulation model of a



Simulation tests Figure 7 illustrates the air-conditioning system behavi our
in a conplete se- ries of tests wwth an external tenperature of 10 C. Such
a hypothesis is not nandatory but was chosen to illustrate the potenti al
of the system The graph shows in abscissa the ratio between the cooling
requi renent and the capacity, in order to observe the varP#&ugsst 2805
different paraneters as the cooling |load varies fromthe nmaxi mumvalue to
the mnimm The ordinates scale onlfone side shows the values of the
supply and return water tenperatures fromthe zones and on the other shows
t he val uefinried heil pdia israssuimartitdbe coantasflome SFhesexpaniionr valygds singply
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allowing a straightforward comparison between a conventional system and one
that uses partial or total condenser heat recovery for winter season heating.
The primary power ("Pep" in the figures) was calculated with reference to a
conventional thermoelectric system with a global thermal efficiency, including
distribution loss, equal to 0,33. When the system functions in the winter
season, it is possible that, to satisfy the thermal load, a top-up boiler may be
used. In this case the consumption of the boiler should be taken into account in

computing the primary energy, assuming the boiler efficiency equal to 0.9.

The internal design air temperature is 24°C. The water temperature was
calculated according to two different control hypotheses. In the first hypothesis
the system is step controlled and supplies cold water to the cold loop at a
temperature of 7 °C less the control differential. At part loads, the cooling
capacity control in the zones is achieved by means of a cold fluid by-pass of
the terminal heat exchangers. This type of control will be hereinafter referred to
as constant set-point. The second working hypothesis allows the supply

temperature to the zones to be increased compared to the fraditional value of
7°C,




that such an increase is pushed up to the maxi mum val ue at which the
cooling load wll still be net consistent with the efficient operation of
the heat exchangers. This results in an increase in COP during part |oad
operation since the evaporating pressure rises following the increase in
the tenperature of the cold water. This type of control i Augbst2005
hereinafter referred to as variable set-point. The diagramclearly
illustrates the advantage of the vard abl e set - poi nt regime when the system
works at a part load. As the cooling requirenent decreases, the
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with the cooling capacity, while it reduces in the variable set-point hypothesis. The

maximum energy saving is at roughly 50% of the thermal load, as, obviously, the
amount of energy consumed is the same with 100% load and a 0% load.

In FIG. 7 a curve of the primary energy consumption is represented that takes into
account the possibility of free-cooling operation. This can occur when the temperature
of the outside air is sufficiently low to be used as a cold source to substitute the
mechanical cooling process. It is evident how much more readily free-cooling can be
achieved using variable set-point control, because a significant increase in the
temperature of the return water from the cold loop at part loads means much greater

heat transfer in the free-cooling coil.

Activation of the free-cooling process is visible on the diagram in correspondence
with the rapid fall in primary energy consumption which falls to zero for part loads less

than 40 %. It should be noted that the lines on the diagram in




they are based on the average val ues when the systemis cycling.
Furthernmore it is inportant to observe that the system can operate, as
wel | as according to the control |ogic of constant or variable set-point
in conjunction with free- cooling where possible, by taking advantage of
t he condenser heat whenever heating and cooling requirenehtfiguse2005
cont enporaneous. This nmay be the case in the winter and m d-seasons. To
consider the effect of this, tw fUPther operating nodes were concei ved.
Bot h of which conbi ne condenser heat recovery with the possibility of
varyi ng sfippl aravgeetinuaits &ventheughriie £ophng sysam eperateninglersusiie8es t hat
a system g e I he
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further module will start to operate with partial recovery. In the load profiles
adopted in the examples which follow this eventuality does not arise. This
method is hereinafter referred to as “continuous recovery”.

In the second method of heat recovery, the module or modules in operat-
ing in recovery mode always work at full capacity, ie: taking full advantage of
the condenser heat in the plate heat exchanger 92', even when the heat
recuperated is less than that of condensation. This recovery method therefore
requires the module to operate intermittently. In the simulation this is assimi-
lated with the conditions of stable operation, because the system thermal
inertia is assumed to be sufficiently high as to render negligible the tempera-
ture variations due to cycling. When the module is not required to supply heat,
it works normally with the air cooled condenser. This method is hereinafter
referred to as “intermittent recovery”. It is evident that this method entails an
energy saving compared to continuous recovery, in that it avoids energy
wastage due to the increase in condensing temperature in the air cooled

condenser to equal that in the water cooled condenser.



5 August 2005 20 The behavi our of the air-conditioning systemw/l|l now be
studied in the op- erating nodes descri bed above, with reference to a | oad
profile typical of technological buildings. To carry out a conplete
analysis it was necessary to study the system be- haviour in the various
seasons. The characteristic |oad profiles chosen are shoWwnAugusi#Iasd 1.
Table 1: Load Profiles JanuaryMarchJul y PfPtPfPtPtPt

Ti me[ KW [ KW [ KW [ KW [ kW [ kW 1. 00- 200375. 00. 0375. 00. 0375. 00. 0

3. 00-4.00487. 50.0487. 50. 0487.50.0 5. 00-6.00562. 50. 0562. 50. 0562. 50. 0

7. 00- 8. 00637756 bebavios of §3 age-cmddianing sysesvwilonmey (e studied B7ihe. ey, o
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These di ffeghnoldgicdl bulldiégsher mal | oads of the offices, assumed to be éon-
stant val ues throughout the nor mal wor ki ng day and absent duri ng the
remain- der ph ctalﬁey &lﬁya cEH\%IéteaéideWs Rewas ﬁé@éséwy% shﬁ;ﬁyt {hHedsytémdggendi ng
on the season. July onl'y cooli'ng I1's required,” both for the

t echnol ogma\awlanredhemarms sedRoONSt ﬁhﬁeshamtﬁmm wad peoftes ohosee aeher

hand show_a redu lon in cooling in that the offices then require heating.
For an an%h %{bl ﬁe operating regine in the various nonths the
}[ﬁﬁge{ st)iu(r:gl aggyhtj)r(n] f:ll tSyAEg(JfSH@% V)FLoad rof1 eesr ed for the region of Padua
January March July
P Py Ps P P P
Time (kW] kW] |[[kW] kW] kW] kW]
1.00-2.00 375.0 0.0 3750 00 3750 00
3.00-4.00 487.5 0.0 4875 0.0 4875 0.0
5.00-6.00 562.5 0.0 5625 0.0 562.5 0.0
7.00-8.00 637.5 0.0 6376 0.0 6375 00
9.00-16.00 675.0 75.0 7125 37.5 7500 00
17.00-18.00 |637.5 0.0 6375 0.0 6375 0.0
19.00-20.00 |562.5 0.0 5625 00 562.5 0.0
21.00-22.00 |(487.5 0.0 4875 0.0 487.5 0.0
23.00-24.00 | 3750 0.0 3750 0.0 3750 00

These differ only in the thermal loads of the offices, assumed to be con-
stant values throughout the normal working day and absent during the remain-
der of the day. The load may be a cooling or heating one depending on the
season. In July only cooling is required, both for the technological area and for
the offices. January and March on the other hand show a reduction in cooling
in that the offices then require heating. For an analysis of the operating regime
in the various months the temperature and humidity profiles were considered

for the region of Padua in a typical day [x].




21 Sinulation results January In FIG 8 the hourly trend of the primary
energy consunption is shown for the four working nethods of operation
descri bed above. Passing fromconstant to variable set- point operation,
there is an energy saving of 50% As previously denonstrated, this is due
to the fact that it is possible to use an increased suppl o hegust 2005
tenperature to the zones which si gnl ficantly increases the difference
between it and the external air flperature and hence the anpunt of heat
that can be exchanged by the free cooling coil. Operation wth heat
recovery Simulation resyisoves the energy efficiency. In particular it can be
noted that, with variable set-point, continuous recovery only slightly
i ncr eases/an/agy performance. This is explained by the | ow heating conpared
to cooling require- nents because the energy gain in heat recovery is
part |y of f sdn FiG.& the hogdy trerd ef the-prisnasy epergy easHmRtiana shpwh &r (B8 iEnsi ng
i i kg AiFdas SRt GstRIboe. PaTichlin canRpRAUTRL G seat e &l
i nt er mi t tRNt apetativer hereisansenergiesayng oinflis.cds piavicgsii dlennmstraled: thifose
For an i e 1 FRITEAOR dokibi8lo B e héFobodd SREH, hor Reipatle et er-
di f f er entzapeatwhith smﬂo:auﬂ;v increasgaithe differense beweenpit iapd ther exdemal Ar t he
three ”D%H@ef‘d{&%‘alﬁ%e%"c& the> A0t dF néaPinst ?:arhﬁ’é Skéh%h%?& by e ﬁ@é‘c&ﬁmgrgsef ved
t hat, recovering condenser heat, e savin 6 % 1n primary
power abscmilb@aewauonamﬂwahslaéremverwdumeromercmas(ﬂrfe e@ergmeﬁmr‘ﬁg Iprastigularn
electric C LA At RO savi ng
of the sgn%aqggé g%tﬁ?%t ‘ﬁ'lI“'I g{}%b?e[]eaﬁoﬁgcég\?ery u%aggoa)ew 8"'%%'(1@?[9 O\Aeé/\sgl‘s t he
primary etherp@yfosmamaeg Thesl at&aeplauteddb)f frer lowt heagtlpg$00‘fpaeetl3tcgyoqlegefeqwlre:| ty and
t her mal o C h e c rimary
(AR5 Dealld flbr oRLD ST RE ANl o baHE BikaCnl HRERRS et

ener gy, trans conom°®c savl ngs because

they wil Imetmyecmixsapdxy tl'lahmgﬂerf émdent-mg gredduse iwithf whick thé/unithis Jagedds f or

288 5rmnt hop%ffatgq pRidlice Fbfwatdr SIS s Q%H‘éy geﬁgltﬁnéjre%[ioé&]&: Phdinimufitigust

the case of intermittent recovery because the system uses the condenser heat more
efficiently and consequently the system efficiency is noticeably greater. For an
immediate comparison between the energy performances of the different control
methods, the daily energy consumption for each for the three months examined are
shown in Table 2 hereinafter. It can be observed that, by not recovering condenser
heat, the saving of 50.7% in primary power absorbed in variable set-point operation is
a saving purely in electrical energy and can therefore be translated into an economic
saving of the same percentage. In the heat recovery operating modes however, the
primary energy saving relates to different types of energy (electricity and thermal
energy) which, although comparable through the concept of primary energy, cannot
be unambiguously translated into economic savings because they will depend upon
the different tariffs in force.

March

Just as for the month of January, Fig. 9 shows the hourly trend of the pri-




22 mary energy consunption for the four working nethods of operation
described above. In this case one can see that the saving obtainable by
passi ng from constant set-point to variable set-point operation is |ess
than in the previous case, as the possibility to use free coolin
reduced due to an increase in the outside tenperature. As5#%gmﬁﬂgoﬂéat
recovery operation, it is evident that continuous recovery reduces the
performance in a few hours of the &y, conpared to the other operating
nodes. In this case in fact the heating requirements are |ower than in the
Wi nt er noMaRserergy ensumEtion for the faur w%mgeﬂgeth%%ompee%wefﬂﬂ%ﬁr@eﬂor t he
efficienc t u
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July

From the analysis of the hourly trends in the primary energy consumption
in the constant set-point and variable set-point operating modes it is apparent
that the energy saving increases the further the conditions move away from
those of maximum load which apply during the middle hours of the day, i.e.:
the greater the part load operation, the greater the saving.

This is explained by the supply water temperature profiles in the two oper-
ating modes, shown in FIG. 10, where, in the variable set-point control method,
the rise in water temperature as the load decreases is evident. Finally, Table 2
shows the daily primary energy consumption. The percentage energy saving is
not particularly high because during the hours at maximum load the behaviour
of the system is the same for both control regimes. The absolute value of the

saving is worthy of attention however.



Absor bed power constant set-point nodedifference [ kW/ day] [ kWi/ day] [ %
January Constant Set-point2792 Vari abl e Set-point1378-1414-50.7 Vari abl e
set-point and 1220-1572-56.3 conti nuous recovery Vari abl e set-point and
964- 1828-65.5 intermttent recovery March Constant set-point7623 Variable
set - poi nt 4628- 2996-39. 3 Vari abl e set-point and 5118-2505- 3Afgust200fious
recovery Vari abl e set-point and 4364-3260-42.8 intermttent recovery July
Const ant set - poi nt 10660 Vari abl e sé&3 poi nt 10136-524-4.9 It will be noted
that in the nonths of January and March, the outside air tenperature
pernits use DbableH- Dade eoerdy candummzttdroin different seasdnsifkyVbidayhe day
dependi ng on the control strategy. 5 August 2005 24 d ains

Difference compared to|Percentage
Absorbed power . .
constant set-point mode difference
[kWh/day] [kWh/day] [%]
January

Constant Set-point 2792
Variable Set-point 1378 -1414 -50.7
Variable set-point and

. 1220 -1572 -56.3
continuous recovery
Variable set-point and
; . 964 -1828 -65.5
intermittent recovery

March

Constant set-point 7623
Variable set-point 4628 -2896 -39.3
Variable set-point and

. 5118 -2505 -32.9
continuous recovery
Variable set-point and
i 4364 -3260 -42.8
intermittent recovery

July

Constant set-point 10660
Variable set-point 10136 -524 -49

It will be noted that in the months of January and March, the outside air
temperature permits use of the free-coocling function for a few hours of the day

depending on the control strategy.



1. An air-conditioning systemfor a building conprising: a hot water
distribution circuit; a cold water distribution circuit; and a plurality of
terminal air conditioning units, wherein each of said units conprises a
fan for blowing air in a space of said building, a heating coil connected
to said hot water distribution circuit and/or a cooling cd Augost-200&cted to
said cold water distribution circuit; and at | east one anbient tenperature
control systemfor controlling heat¥ng power of said heating coils and
cool ing power of said cooling coils; characterised by a calorific energy
managenent systemincluding a en- erGlaipsovi der with a heat punp cycle that
i s capable of transferring calorific energy fromsaid cold water

di stri but1.0nAswiteomditioriag dysStem fteebuittiing comprisingon system 2. The
air-conditioning systemas clainmed in claim1, characterised in that said

ener gy provigabt watdr distidatioR eifBuigycl e is furt her capable of transfer- ring
calorific energy: a) from said cold water distribution systemto

at mosphere, apdyq \pétgfr RLifaaPReHe to said hot water distribution
or|

system wherein sai I C energy managenent systemis capabl e of

managi ng aégalﬁ%]gf 3? gl S Eﬁ{:ﬁ‘&iﬁ&ﬁuﬁ i Swhereih ' éErF% S Pnits

consunpt I on ng sys emas clai I'TE In C alm

char act eri segbrnprisédatfappior rm@wmg aneT gyspaesonpaidosuildived, ualéating coil
m nim sation of gl obal pri- nergt? tconsurrpt fon or a mnim sat i on of
F

gl obal ener gfPrdted & saig cﬂ'Ot avatewrﬁh iR Aigewl snefar & cophag coll con-
ai r-conditi Oﬁ‘%ﬂgﬁé’%gﬁ& ﬁ ?i‘ H%ﬂ'ltid?loﬂ@frcﬂﬂeaﬁcﬁ claims 1to 3, char-
n orl

acterised i sal I C ene managenment system further includes:

cal or Ti ¢ e Bsf o L o SP000, G, Fory ko0 Heai e o

power of said heating coils and cooling power of said cooling coils;

characterised by a calorific energy management system including a en-
ergy provider with a heat pump cycle that is capable of transferring calorific
energy from said cold water distribution system to said hot water distribu-

tion system.

2. The air-conditioning system as claimed in claim 1, characterised in that
said energy provider with a heat pump cycle is further capable of transfer-
ring calorific energy:

a) from said cold water distribution system to atmosphere, and
b) from the atmosphere to said hot water distribution system;

wherein said calorific energy management system is capable of managing

said calorific energy transfers so as to optimise energy consumption.

3. The air-conditioning system as claimed in claim 1 or 2, characterised in
that optimising energy consumption includes a minimisation of global pri-
mary energy consumption or a minimisation of global energy costs of said

air-conditioning system.

4. The air-conditioning system as claimed in any one of claims 1 to 3, char-

acterised in that said calorific energy management system further includes:



5. The air-conditioning systemas clainmed in any one of clains | to 4,
further including: a heat generator capable of producing calorific energy
and of transferring this calorific energy to said hot water distribution
system 6. The air-conditioning systemas clainmed in any one of clains 1 to
5, further including: a cooling energy buffer tank, wherd AugastRH orific
ener gy nmanagenent systemis capable of renoving calorific energy fromsaid
cooling energy buffer tank to | oad9t he latter and of transferri ng
calorific energy fromsaid cold water distribution systemto said cooling
ener gy buf f én Blifwater heahexshangemoapaklaiofgtransieringasalorific enerow fey one of

clainms 1 to 6, further dncluding: ' gy buffer tank, wherein
said cal ori fﬁdéd %@r‘@@teﬁghsgﬁglmqﬂ %’%%q§%th@8§§géol e of supplying calorific
energy tq said heating. ener buffer.tank to | oad the.latter apd.,of

ranal er -ng N ronAHioBi SYsteRbAs Sameai AV e R PEIMB YT Fof TART o sai d
hot water dijgébygt! on system 8. The air-conditioning systemas claimed in
any one of claims™ to 7, char- acterised in that said calorific energy

managenent ' &?&a :n1Qf ' ' ' | gy
requi r enment ?ﬁ%gggéﬁeo sg‘%’@aqlgro-fﬁaﬁgﬁhgﬁléﬁgﬁdgﬁggk%&S’ﬁ?i@?fﬁﬁﬁéof
set - poi nt  vghisatdlonificodénergydo caidihaihsater distalbetiorcsystemt. t enperatures in
function of said cooling/heating energy requirenments of said termnal air

condi ti org,nariehifrconBitiohitty 8ydtefPAs cldiadng Hyséreiofslaihsi NRAS5| furthiey one of
claims 1 to 8, char- acterised in that said calorific energy nmanagenent
systemis capeldd®dof rmanaging said calorific energy transfers taking into
account gl obal building 5 August 2005 26 heating/cooling requirenents,

out si de cl i rencoolimgemergye baffandapk,i wheseie rsaié raqgorificsesergy management

system is capable of removing calorific energy from said cooling energy
buffer tank to load the latter and of transferring calorific energy from said
cold water distribution system to said cooling energy buffer tank.

7. The air-conditioning system as claimed in any one of claims 1 to 6, further
including:

a heating energy buffer tank, wherein said calorific energy management
system is capable of supplying calorific energy to said heating energy
buffer tank to load the latter and of transferring calorific energy from said
heating energy buffer tank to said hot water distribution system.

8. The air-conditioning system as claimed in any one of claims 1 to 7, char-

acterised in that said calorific energy management system is capable:

of monitoring the cooling/heating energy requirements of each of said ter-

minal air conditioning units; and

of set-point variation of said cold and hot water circuit temperatures in
function of said cooling/heating energy requirements of said terminal air

conditioning units.

9. The air-conditioning system as claimed in any one of claims 1 to 8, char-
acterised in that said calorific energy management system is capable of
managing said calorific energy transfers taking into account global building



10. The air-conditioning systemas clainmed in any one of clains 1 to 9,
char- acterised in that: said hot water distribution circuit and said cold
wat er distribution circuit in- clude quick-fitting connections at regul ar
intervals for connecting thereto a heating coil, respectively a cooling
coil by neans of flexible tubes. 11. The air-conditioni ng Shsgest280%! ai ned
in any one of clains | to 10, characterised in that said termnal air
conditioning units are installed i26a pl enum space either wunder a raised
fl oor or above a suspended ceiling, wherein said fans of said termnal air
condi ti oni ndhaatingfcdolikg requiaémehtsy mutside dilraticrpaspanstersiand phisary en-
air-conditioning systemas clainmed in claim11l, characterised by a

term nal ai reT@¥&E8F oni ng unit conprising: a nodul ar casing nounted under a
fl oor panel of a raised floor, said nodular casing jnc|udin 8 SH ly air
outl et colhedieairteengitioning sistem geidaimed Kaaay onece! ¢aies 1a%’d af g"ier i nl et
opening in .tgris%oei%iﬂhfpace; a fan nounted in said nodular casing so as to
take in air tromsSaid pllfenum space through said air inlet and blow it

through said air inlet grid in said. floor.p I, ] - gaou 1 di zone

| ocat ed abovi#i{ HQ& P"éﬂ?ﬁfea@ff Pnp(f"é:l"f'ﬂjtrﬁncg%a'd %ﬂﬁe %ﬁghg‘s?%'?‘w%’glﬁﬁ%é'@; to

sai d hot watgiddigeidkiftihg YonhBslicns aneEdqularinteroalsi fog conhbctimntienttdat o said
cold water distribution System said heating coil and cooling coil being

nmount ed i n Swatingoenil sespestively a ecdinorilbiseieansiof flexile Bes- supply air
outlet. 13. The air-conditioning systemas clainmed in claim12,

char act er1&ethe rait-beditissing systemnas claimedbrinli amy ineg ofirglaimsurk ker10,
conprises: a filter, el engnt mounted in said nodul ar casing, wherein said
filter el emgti@ragtensedinialy e via an inspection slot in said floor panel .

5 August 2005 27 14. The air-conditiQni ng _systleanas claimed in cl.ﬂj| m 12,
char act er i sesRiperningl aireanditioning 4indtstrEINARIGH 1D 2 SN, SRgce either

under a raised floor or above a suspended ceiling, wherein said fans of

said terminal air conditioning units take in air from said plenum space.

12. The air-conditioning system as claimed in claim 11, characterised by a

terminal air conditioning unit comprising:

a modular casing mounted under a floor panel of a raised floor, said
modular casing including a supply air outlet connected to an air inlet grid in

said floor panel and an air inlet opening in said plenum space;

a fan mounted in said modular casing so as to take in air from said plenum
space through said air inlet and blow it through said air inlet grid in said
floor panel into a building zone located above the raised floor plenum; and

a heating coil connected to said hot water distribution system and/or a
cooling coil connected to said cold water distribution system, said heating
coil and cooling coil being mounted in said modular casing in-between said

fan and said supply air outlet.

13. The air-conditioning system as claimed in claim 12, characterised in that

said terminal air conditioning unit further comprises:

a filter element mounted in said modular casing, wherein said filter element

is replaceable via an inspection slot in said floor panel.



a nodul ar casing nmounted under a floor panel of a raised floor, said
nodul ar casing including a supply air outlet, which connected to an air
inlet grid in said floor panel, and a m xing chanber with a return air
port and a fresh air port; a fan nounted in said nodular casing so as to
take in air fromsaid mixing cham ber and blow it througth AugdstdQ0S nl et
gridin said floor panel into a building zone |ocated above the raised
fl oor plenum a direct-expansion c@8ling unit for cooling and

dehum dification of the supply air, said direct-expansion cooling unit
bei ng nouk dhei air-sariditioningdyatentas claigneshia clayp s characiedsasten tarowatair

condenser c «sald.col.d water circuit; and a post-heating coil
nmounted in ;Héﬁgﬁé@g%?.@lﬁ% P%R ‘and connected to said hot water circuit for

reheating t r}aen%idgia?fcggif] '$§ﬂq§@‘ﬂ%gﬂ %iffo%“ %H | 3Pa r&@@%?ﬁbﬁ%bﬁddﬁ@rpg
systemas claimed 1nc Ay “characterts %yafres air conditioning
ulni t capabl easihgpneudiondi sunphi aig outiels whidhr canmectet! togrpaiyiimiet grid in Aaid fsai ﬂ
pl enum spac - . [ . one of the
precedi ng cﬁ??é?netﬁﬁaﬁﬁﬁ@e#%wgﬁéﬁgg]er?@p ?f%ﬁ%”dﬂ? |§‘(:})'r/icl udes: at

| east one cophGRGRied B sl iU BAGRY 5o 3s 161dKe ifi O Rstn SARCRARG ol Sal d
refri gerant,  sal V\B.?el’ COO0l ea conaenser Be| ng connecte tO.S. id hot water
di st ri but i orberianddilew ftahraughresiceair intgf grideincaitiBorananehinte acruidingZzosai d hot

wat er circuit. . id. refrigerant, said evaporator being
i feBPIRG bl oL,

connected to"S ‘ tion circuit for taking the

evaporation e m. sal : I - i I enser
For said rer T espa Bt Bicin Uit ¥ling Shi Hbhciiafior oE A8 Gibolodr 200
sai d water cail ditectenxpensen coslingluait heingomedniednidesaid rmodilargcasingiang of

f i I f i : X d f
E;iﬁ? ng. %L??co%aoﬁ%@&aﬁ@a@w@@?% e o R
ol aimod incl BPRE g B FROLAE o rdllfarbdsite B bkt B SaMdts

water circuit for reheating the air after its dehumidification.

15. The air-conditioning system as claimed in claim 9, characterised by

a fresh air conditioning unit capable of pre-conditioning fresh air and of supplying
it into said plenum space.

16. The air-conditioning system as claimed in any one of the preceding claims,

characterised in that the energy provider includes:
at least one compressor for a refrigerant;

a water cooled condenser for said refrigerant, said water cooled condenser being
connected to said hot water distribution circuit for transferring the condensation

energy to said hot water circuit;

an evaporator for said refrigerant, said evaporator being connected to said cold
water distribution circuit for taking the evaporation energy from said cold water
circuit;

an air cooled condenser for said refrigerant that is connected in parallel with



said air cool ed condenser is an air/refrigerant heat exchanger that is also
capabl e of working as an evaporator for said refrigerant taking evaporation
energy fromthe atnosphere.

17.
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said water cooled condenser, said air cooled condenser being capable of

transferring a surplus of condensation energy to the atmosphere; and

a free cooling coil connected in said cold water distribution circuit in series

with said water cooled evaporator.

The air-conditioning system as claimed in claim 16, characterised in that
said air cooled condenser is an air/refrigerant heat exchanger that is also
capable of working as an evaporator for said refrigerant taking evaporation

energy from the atmosphere.



