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AppendixC:Car of fi ces. bMaillldidnog i d ( Spai n)

The Carti f Cleenckhsn od orge xe@adr ch foundation | ocated
Boecill o, 15 km south of Val |l adol i d, Spain.

technol ogi cal par k.

Y N4 Y SIS b

ad

FigaCartif 1 offices building |l ocati

l1Genebuallgdnifnor mat i on

Cartif 1 building is |located in Boe I

ci |
north from Madri d. The altitude i s 720

lati t,30®09 41N
|l ongi #843d62"4E

Boecill oimstipéd ameddl e of "Meseta Castellana",
constitutes the biggest part of the "Castilla '\
extended mountain range that decredgseosn rcail ds aint
hot winds.

o, a S m;
meter s,

1
1

Only the west side (border with Portugal) is f
sea can penetrate bringing important rainfall
continental, wi t h Ildornyg @nod haanrdd swvhiorrtte rssu named s .
describe the factors which affect it.

Winters are quite cold, with fairly |l ow temper
even entire days are often foggyedeei hboitrhadyv:
of the mai hDewervee)r,s I(iike .Boecill o zone.

Il n summer, the diurnal temperature range is Vv
radiation, and also due to nightly radiative e
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Consi derexntge rtnhaelsecondi ti ons, it is possible to
during winter and necessity for internal cool i
further increase due to the | arge g3assel atiade
humi dity is very | ow during summer, this param
l' i ke ther mal comfort, need of humi di ficati on
tower s. The external aicronddulido nbemguodd tfther siprat
treat ment of cooling devices. In the case of |
systems and

in controls of the system.

Figa@&reExternal view of Cartif 1 office

Talbg Gernnefroarimafi €ar ti f of fices

Na me Carafiffi ces buEnvel opme405®
Parque Tecnol

Addr ess Boeci 2106 Gl azed ar 426,24 (10,

] Boecill o (Val

City [/ 47151 From {8ctW¥WO0,73

Country|Spain Heat ed 9%Ar/ 2592, 90

Contact C®sar Valmase?%ated V010701,87

email of .osval@artifCool ed JAr/1870, 13

contact

LocatiojLati 4Bdé09" [Cool ed Vo4955, 84
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Weaas  LimohiiitibeTeiitare L ED
(coordi lLongi t4Bdded:2"4 ( M)
OrientaliN S E W ;'Z;;'S”%U‘gzozs
Al titud¢(720 dcg;'i';fgu‘gses
Iii;t?fu(1995 é\éi;i?nf)t?lzs,oezakWh/
( k WHd )m
Typol og) _ Avertar'geerm ,
buil di n(OffI ces consumpti 55,75 %&Wh/ m
i ( kK WHd )m
Ther mal act
Fl oor s 8 (basement, Heati ng SMMter §ourc
and first f1 ¢ Fan coil s
Convective
Built ai12615,70 Cooling \éVZLercofcl)l;rc
Net wusal2650, 39 DHW systen. a.
TabZ e Cli mate values for Vai2lo®dql i d
T |TM| Tm| R |RH| DR|DN|DT| DF|DH|DD| I
(uq(uUq(ug(mmj (%) (d) (d] (d] (d] (d) (d](h/n
Jan| 4, ( 8, 0, ( 40 83 7 3 0 11 17 4 100
Feb 6,11, 0, ¢ 32 72 6 2 0 4 12 4 141
Mar| 8, ¢15, 2, 23 6 2 5 1 0 2 8 6 209
Apr|(10, 16, 4, ( 44 6 2 8 1 1 1 4 4 222
May| 13, 20, 7, {1 47 61 9 0 4 1 1 4 260
Jun/ 18, 25, 10, 33 54 5 0 3 1 0 7 310
Jul |21, 30, 13, 16 47 3 0 3 0 0 15 352
Aug|/ 21, 29,13, 18 49 3 0 3 0 0 13 330
Sep 18, 25,10, 31 56 4 0 2 2 0 8 244
Oct 12, 18, 6, ¢ 42 69 7 0 1 3 1 5 176
Nov| 7,712, 2,9¢ 51 78 6 0 0 8 8 5 114
Dec| 5, (8, § 1, 56 814 8 1 0 10| 13 3 81
Tot |12, 18, 6,7 435 65| 71 8 17| 42, 61, 76, 253

(refere

T: monthly average temperature; TM: monthly average of highest daily temperatures; Tm: monthly average of lowest
daily temperatures; R: monthly average of rainfall; RH: monthly average of relative humidity; DR: monthly average

of rainy

BaaFsP-r CZ 0 612 8 8 40069. 1
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Pa@Bbe8i2ng

d ay s); DN:r monthiyf aserate ofOsnotv rdays; DT: monthly average of storm days; DF:



o D6. 1 ApELamdiiXb iflfdicnegs v1.30/ 8/

Il denti fication and de .
ﬂBaaS demonstration buil din Fin

(Resissbm

monthly average of foggy days; DH: monthly average of frost days; DD: monthly average of cloudless days; I:
monthly average of sunny hours
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2 Buil dsiehigst r ialmut iodcmcupancy
Buil di ng ,ofhaGarat ipfleactt ta nwiutl lar 3 gf rl couonr da nf @l bodosre e n t
fl obn) hdaxeement there are service spaces, i ke
Boil er roomns odmd tfhaecrithalti es are situated in tv
exterior. AlIIl spaces are nor heated nor <cool ed
Fig@&cCartif 1 offices basement pl an
-
[ w \
id T = e \ \
//AL v =l=l=|= e .
- g U e NN L
) B e LA g5 1
L, N - —pe—
J | _“ s F]D " \nmn:‘\;s-rf,% H r_l‘ % :E mﬂ:ﬁ?\ A _
DO | St ot =
H
\=/- szm Wymf}u Y [ b I
5 = = A .<H, \ |
r A - ' AT e o
.1,//‘;:—5\:“ ﬂn-. —_ | e ‘ _’ﬂ:ﬂf =i =]

(I

N

FigdreCartif 1 offices ground fl oor

1 1
,,,,,,,,,,
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FigbreCartif 1 offices first floor p

|l grotthdor there are two main zones, offices an
side@mini strative area). Re s eaarec h olcaalt cerda ti onr itehse
side.

On first fl oorabtolrearteoradrees raBsle ehgegahdDisv iosfitdnc elsab o
pl aced -Bas tSoait dhe .

Regarding t he air conditioning of t he i ntern
technol ogi es:

T ther mal ddAISYe sl abs

T water source heat pumps
T fan coil s

T convective radiators

Tab3d eartif udflfdiicnegs daustagebuti on /

Usef )
Zone |Flo|l are| " vol ¥ % Occltas | Conlo!.
( A ( m) cond(pa ser vic
alndust 4 755 7. 95746 ONI1 g - AE
zone heat
bl ndust SR1,
s omé o e 1 100.|] 2. 6/ 266. 100 4 SR3. UBCG6
c. Mult 84.712.6 224. 100 - SR5 UBCS5
Ar ea
d. Il nnag 1 164.| 2.6/ 436. 100 7 SR7 UBCA4
1Conditioning = elve ateisn k efyan A€oi | , ubc = heat pump,
co.i l
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e. SEAIL 167. 2.6 443. 100 SR10 UBC7
f. Of fi 37./ 2.6 98.3 100 SR12 D WK 1
DWK 2,
gSecret 85.4 2.6/ 226. 100 SR13 D WK 3
h. Offi 17.42.6 46.1 100 SR14 D WK 4
. SR15
Lbomeet 47.72.6 126. 100 SR16 gmﬁ%’
SR19
SR17
i. Audi 61.¢2.6 163. 100 SR18 UBC19
SR20
k. Corr 18.12.6 49.5 100 - FCH1 2 /
| . Batt 30.:2.6 80.0 0 - ;
SR11
UBC11,
m. Hall 212. 2.6 564. 100 SR13 DWK 7,
corridc SR21 FCH12E
SR22
SR1,
n. Robec 230. 2.6 611. 100 aR3 UBCOY
o. Ener 183. 2.6 486. 100 20 SR6. Tygc7.
SRS,
p. Visi 37. 2. 99.3 100 SR11 UBCS
q. Visi 105. 2.6 280.| 100 SR9, UBCSG
r. Infg 35.712.6 93.7 100 SR14 UBC4
War ehou
SR15
SR16
s. SEAIL 135. 2.6 358. 100 SR17 UBC1, U
SR18
SR19
SR19
t. Infoa 130. 2.6 346. 100 enpo UBC3,
u. Batt 27.12.6 72.2 0 - -
v. CPD 12.¢2.6 34.1 100 SR21 UBC10
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Fi gé6reTher mal zones in ground floor

® ar

Fi gdireTher mal zones in first floor

Tab4d eBuilding dailgf o@atrutpziafti(mfnf pceosil e

Hour 1 2 3 4 5 6 7 8 9 10| 11| 12

Mo ri O 0 0 0 0 0 1 2 2 1 2 2
Weeke| O 0 0 0 0 0 0 0 0 0 0 0

Hour 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24

Mo #Fri| 2 1 1 1 1 0 0 0 0 0 0 0
Weeke| O 0 0 0 0 0 0 0 0 0 0 0

2(Not occup.=0; ©partially occup.=1; occup. =2)
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Tab3 eBuil ding yearlof Cacupdgdt iodr ippreossf i | e

We e k 1 2 3 4 5 6 7 8 9 10/ 11| 12| 13
MowWril 1 2 2 2 2 2 2 2

Weeke| O 0 0 0 0 0 0 0 0 0 0 0 0
We e k 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26
Mo fFri| 2 2 2 2 2 2 2 2 2 2

Weeke| O 0 0 0 0 0 0 0 0 0 0 0 0
We e k 27| 28| 29| 30| 31| 32| 33| 34| 35| 36| 37| 38| 39
Mo /il 1 1 1 1 1 1 2

Weeke| O 0 0 0 0 0 0 0 0 0 0 0 0
We e k 40| 41| 42| 43| 44| 45| 46| 47| 48| 49| 50| 51| 52
Mo #F r i 2 2 2 2 1
Weeke| O 0 0 0 0 0 0 0 0 0 0 0 0

2,5

0,5

0 T T T 1 1 1 1 T T T T 1 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T1

1234567 8910111213141516171819202122232425262728293031323334353637383940414243444546474849505152

FigaBeil di ng

yearly

occupat.i

on

profile
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3 Buil chiamgacteri stics

31Envel ope el ements and ther mal characteristics
The structure of Cartif 1 was made in reinforc
are in reinforcewerciomgrredef aingd itmhesteel fr ame.
typol ogies; a particular feature is the amount
It was very difficult to find the rugmdtce stplei fi
cooling | oads.during the summer
I't is possible to distinguish the following tyfg
a. External wal/l it is the kind of wall that
composed of pehfascranmednbBiideksnawmdati on | aye
b. Separation internal wall it is a wal/l of p
covered with a plasterwork on both sides;
c. SI'im internal wall: a wal/l of perforated br
d Drwal | : it is made with plasterboard prefa
materi al is "Pladur™". I't has interesting in
of i nsulated materi al
There are also two kinds of horizontal frames:
e. Roof :ootfhenhars a steel structure. It is provid
The outside cover | ayer is in gravel.
f. Fl oor : it has a concrete structure; the ab
t her mal active sl abs.tiTthreed nestul talt @ omo tptame | &
i mprove the sl abs performance.
In the following tabilenidf ctame e dmoweldopg e ee ldeema
Tab8 e Construction el ements of Cartif
Descriptig Tot g 5 Ab's : :
Envel : J . Val y . . Detail s sectdi
2] @ L EEerlal ‘th"c(W/zn IR inner face t
thickness) (m) K) abs
1. Int. PI
0.005
2. Sand mc .
3. Brick >
4. Polysty ‘
\,Ev;fle“s_ Air. (R 0.3 0.5¢0.-08 | Commiiiii il L
0. 022 KvLknd _
6. Perfore .
0.125 = T ¢
7. Sand mc
8. Pl aster

BaafSP-F CZ0%612884069. 1 AprandiiXx @ffices Padgédd8i2ng
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1. I nt pl G
0.010 | |
I nter|2. Perforn j I =
Wal | 0 250 .20 1. 870 .-08. | |
3. Int. pl ' J
0.010 B
1.1 nt plas
Sl im 2. Perforat | ,
I nterj0.125 1/ 1.9<¢0.-8. | |2
wal I 3. Int. pl | | 5
0.012 '
. 1DW@/|| 0. | | 4
Dry Wio  Jnsul at 0 0.5€¢0.-8. || pa
pl adul f i
3.Dwayl | 0.
1. Plaster
0.025
2. Air. (Re
0.022 h mz .
Roof 3. Zine pl 2 0. 3¢ 0 .-03. CY Y Y Y Y Y Y X y
4Pol yureth
5. Pl astic
6 . Gr avel
1. Concrete
2. Pipe ac
3. Concret | | L T
4 . Pol yure | | |
Floor 2. Risblédi 4 0. 6170 .-0.
0.250
6. Air. (F
0.022 h mz
7. Paster
0.013
Regarding the windows, the entire building has
Pl anit h-ermeCKKomanufactured by Saing Gobain. It
performances inther maleminsail witti yo nf detcaru sef otf h & |
has also a good sol ar protection since the ext
pl ates are mounted on a steel frame, mi ni mi zi n
are shawven fiod | owi ng tabl e:

BaaFsP-r CZ 0 612 8 8 40069. 1
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Tab® e Wi ndows

description of Cartif of
Envel Descr i tiU-VaIu Details secti
El e me P ( W/%n) 9 inner face t
Windowiar@ntbalnl.lt( 1.1 0. 2
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4 Enerfdyw
TheReaystem i s based on a -btad bbeEleanl btggeemen

hot wat esr (frardi aser s, ther malHWact invewifidrbs ,anlie
gener atBar Cfi |lieThéene s uatmmattseor ahenat f peligh used t C
coi |l actaindei sl absling mode)

The evaporative cooling tower has al seBra rel ev:

chiler and water Istouwarek rea@an!| ypudpri ng summer seeé

distribution Fixed panels solar field ’\
e e Sec. loop _Prim. loop |
- 1
= A - e
1

cullaall § ) I meemee—— , -=1 HE

TAS Solar storage
Fan coils & - tanks

Tracking panels solar field ! ‘

I

:

o i

I

e ﬂr.@] Ban s
-

1

| Gas fired
@ -E auxiliary

boiler

radiators

HPs storage
tank

Cold
Storage

ANk | hseassese b GEN

ﬁ- - -@’- i _E B oo
- - Cooling
. =
TSR g Tower

EVAP Li-Br ; 1
chiller ""@ ol

FigabePattern of solar ther mal assiodftfedc esool i n
Regarding t he air conditioning of t he i ntern
technol ogi es:
T ther mal A CTtAiSVhei ss Icaybsst esn al mo st compl etely t|
the building. The system guarantees a uni f.
t her mal comfort for wusers. A drawback is th
regul ation. It ai baaksp pysvieded hent hpumps)
heating and especially in cooling modality;
T water source heat pumps: are | ocated in som
regul ation for every space. nlehceeys staawe tan cior
peak demands.-aiThemeatargumwaatandheatée wamer
T fan axmd | &i r fte@at ehaesaet elrosc a tned sit mQ tahthesrz osnnea. | |
fan coils stand in admini st rcatoilienggrea; the
f convective radiators: install ed only in a
compensate cold wall effects (orientation i
In the following sections, a short description

BaafSP-F CZ03%612884069. 1 AprandiiX @ffices Padgédd8i2ng
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gas |

oil
biomass H

CARTIF-> Summer

district heat
distr. cooling

delivered
energy

soil
ground water
. etar
@ | waste heat
S | solar radiation

renewable

[T A R ——

renewable energy
use

combined heat
and power (CHP)

production layout

heating
25 n | dom hot water
& §|  cooling
s e lighting ;
elec. use
FigaflieSummer energy fl ow
3
%; biomass g6 CARTIF-> Winter
2 g | distictheat |
e = i
soil HEq] EE[j e

ground water
2 ext. air
& | waste heat
S [ solar radiation ||

renewable

renewable energy
use

combined heat
and power (CHP)

o o o

building distribution

heating
25 1 |dom hot water
5§ e
n!:; g lighting
elec. use

FigaleWi nter energy fl ow
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h Is”‘/. lm/. '.,.,‘ Iﬂ/- lv!' I.,.f: @
b ra ‘5‘;3,:
7 | A !
—i e A

Cart.i

FigaBracility scheme
Tab8 e Energy fl ow el ements of
HVAC PL4 Installed NU uni Picture
Sol ar ther 15
Sol ar ther 16
Heat in
Boil er
Heating po
200. 000 Kec
Working tel 1
90/ 800C
Wor king pr ¢
4kgfcm
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Cool i nAbsorption 1
Wa t-&irr pluengt 16
(UBC)
Heat i ng/
Wat-wat er he 1
StoragSol ar Syst 4 12
[l
- y 8.000
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Cold energ) 1 [/ 1.

DHW 1 / 5¢(

Ter mi nalTher mal aci 22 <cir
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Fan coil s 7
56 cir
. di ffus
Di ffuser s .
32 air
grids
Convective 9
Air heater 4
Evaporati v
Power di ssi
325. 000 Kc.
Auxi | i
Pump power 1
SyStenFIow: 65. 0!
Water regi.l
Wet bul b t«¢
The |l ocation of the fan coiTlavb3damdd ihre atth ep ufmplsl «

figures.

In these

figures cansbandl aorseappt f1ec

BaaFsP-r CZ 0 612 8 8 40069. 1
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There are 4 kinds of air supply grids distribut
Tab%d e Characteristics of air supply ter

Di mens| Max FI Range Quant FIl oor
( mm X (I /s ( m)
T 200x 1! 60 3.5 t !
e | x 1! .

yp 2 5

Type | 300x2( 100 4 3 2

Type | 300x3( 150 4. 3 9 2

Type +« 400x3( 200 4.5 7 1
41Sol ar thermal system
On the roof cofmbCaretdivfstyls t felmat pl ate coll ectors
systems have two independents | oops, but the o
has a primary and a secondary pipe circuit.
The primary | oop connects se@&l dd uadr aaysetdo i @ plha
a mixtur-wabér g(foohvoid freezing). Circul ati on
with a specific control. This kind of regul ati
coll ectors anc csaarvsi unngpst iionn.el ect ri
The secondary |l oop connects the other side of
tanks: here, as well circulation is guaranteed
is configured in two nteinrtcsu:i tlsn ttoh ec oanptl d/o atrwop arret
with a mixture to avoid freezing (often temper
i nsi de, it works with normal water that is the
The storage tiaalk ssthoarveeg ea nf umcetriton: t hey recei ve
system, depending of daily trend of solar radi .
permit to overcome mismatching between solar g
téar mal stratification guarantees adeguate temp

sour ce.

FigadeSol ar fi FigabeSol ar fi el

One @ffltat plate coldfectrpdrell o, iwi fclo feh etyetda l

were arranged in three rows of 5 collectors wi
two storage tanks with capacity of 2000 Ilitter
from thke sheamification. Circuit and tanks are

BaafSP-F CZ0%612884069. 1 AprandiiX @ffices PhageB8ing
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The ot her cfoimplotfleadt of | altbet bohl eot’al barehi sfcad88e
coll s¢tamds on a tracking pl at fnotr nt o htarta cakl |tolwes
this way it is possible to earn the maxi mum en
energy compared to an eqluhails ssyysstteemm wa st hweailt| tihgd
series to two storage tank obtaining a total c:

42Gadired boiler

The watleorvoist h nat ur al tghaiss. |geahse ibsoeRBeg Ir2d306k tYtgen i s
and it has an useful power of 235kW and a nomir

This gas boiler is wused in winter and summer,
is used as support of t he hseolhaerati nrsetgad il raet nheonnt
generator of thesabaorphéeomakchsyseem Whald not
boil er support, so that, boiler is wused to cov
requirements.

Summar i aisreg, tthhreea are fed by collector of sol ar

9 fan coil sa,ndaicronlveattérnvse radiators T=60UC and
9 domestic hot water T=45U0C;

! heat pumps T=32UC and Q=20000 1|/ h;

f thermal active slabs T=35UC and Q=15000 1|/ h
1

LiBrabsorption chiller T=88UC and Q=7500 1| /h
43Absorption Chiller
The sol ar cooling produci iHpO saylsd cermst iaorne cahi dil re
Yazaki WFC10. The chiller is fied @&#tH kWt MNami
operating conditions are: 8UC for outlet cool e
o, 7.
The generator receives water from the solar ta
the temperature nofsotl me wan&kms . sfThheed i s a valyv
excludes the solar circuit in the return colle
ways: including one or both solar tanks with t1}
Ty mild vy, in the first part of the day o in day

r
septoi nt temperature for the generator (85UC) .
consuming natur al gas. -12f thomwamdsh,d tchpi ¢ &Irl ywofr
sol ar water.

It i s important to underline that a good perfo
when inlet water is continuously at high temper
The water cooled from the eamkhowiattlobrai capaoirtey
litters This solution permits to accumul ate "
chiller

Cooling Fammtoal s)téarke/ omatTAS from t here. At t he
was designedpbls supphey BB@mi ni strative area, buf
with the nominal capacity of chiller. Because
performance of chiller not adequatehaBAnbtaker p
a higher |l oad, but this recqgouiilrsees a backup cool i

BaafSP-F CZ03%612884069. 1 AprandiiX @ffices Phagédd8i2ng
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44He at Pumps

There wataegrer hebadaampusmppply fan coils and | eave
radi ant cTohild nlge dtl opump i s manufactured by Cliv

Water source heat pumps

UBC1 @ ______ S S
UBC2 @ _____ "

1

1

1

1

1

1

UBC3 -
uUBC4 I
UBC5 :
UBC6 i
uBC7 I
1

1

1

1

1

1

1

1

1

1

1

1

HEATING
COOLING

? HPs Storage Tank

uBCs
uBC9
uBC10
UBC11
uBC14

from
distribution

UBC15
UBC16
uUBC17

UBC19 @ """ ="

Evaporative
Cooling
----------- Tower

Figadbe Scheme of water soonofé€echeat pumps i

The main part of | abor-aihcerait e spg iregz ssebqg uti hpepseed hwei at tt
pumpaee quite ditfod e¥enkW)( foreoommWse of the variabl
| oads.

Alwa taeihreat pumps are manufactured by McQuay ani
410A refrigerant.

These heate pwaoampli ng with a boiler/towermpeapplic
water <circulating system that adds heat i n o wir
provided from heat pumps storage tank | ocated
provided from the cooling tdwewortklsatwi dihs sai patmp
nominall mass flow of 25000 | /h. The main part

spaces and a small part from outside. This ap
generally in Cartidnsl: woatkesr aftorgohoedatcionngdiati 3 2
240C.

45Evaporative Tower

The chiller condenser is connected to the evapi¢
heat. This wunit is the same used dry. hletati 9 ulmpcsa
out si de, n r the garage. It is equipped with

4 kW el ectr resistance to avoid freezing prol

adequate:

e
i
i

wet bul b te

a
c

n Boecilloinglaummer hpmrdodg, i andtown
mperature and optimum performance of

BaafSP-F CZ03%612884069. 1 AprandiiX @ffices Phaga8i2ng
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46Ter mi miatashu caiirl sheademamar $ her mal active sl abs

Fouwri r haeraet elr s c ait redlu sitn; i tgireovo iengi ool y Each one

heating cABakiWw wiofh 2hl et temperature 65UC and
stressed that this space is heated only few t
radiators are pl acerdtshi)d eoand niian-iasdtersa ttiov ea vzooinde c(onl¢
zone is conditioned with ceiling fan coils. Th
water heat pump or with water from cold storage
The system i s not onlyibasaedoonmnniegenanald fvanhc
fresh air system that takes air from outside ar
The system supplies heating and cooling to the
system was usedtohtrpymfé@blbeasiggihg to be al so
with solar cooling chilled water.

It consists of pipes circuits embedded in the
heat exchanger, war ming upe aari rchiTlhlei fd otolre | falya
a speci al mortar that ensures good conducti on
i nsulating material to minimize | osses.

There is one main circuit for the lelnddtrcer btuhdrd
supplies the singl e-placepd. wEveérr ya Itdhap ec aviayb e/ ab
management system.

Thermal active slabs

HEATING
COOLING

_______ x  —

distribution

&

%A TABS loops pump

w
A
N
1
1
|
|
I
1
1

I

1

1

1

1

1

1

1

[}

1

1

| M

1 1 4 d

- I s Heating k From boiler -

: HE. solar loop

I

1

I I

1 : ------- ==' from

I - E@ Chiller

: ! J < — evaporator
SR29 ' : """ B ! r====+ Cooling Cold

| Jd H.E. Storage

FigaireScheme of thermadédf factcesvye sl abs i
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5 Energy supply and use
51El ectgimgpaliyconsumpti on
Tabl@® I nformation abodt Calréedtir iodiftiycesuppl
Energy suppl Il berdrol a
(Name of org
Tar i ff ATR6. 1
NU tariff pel|l6
Peri ods 1 2 3 4 5 6
Contrated po 400 400 400 400 400 451
ul/ kw 1.5070.7510.5500.55(00.55(0(0. 25(¢(
u/ k Wh 0.17/0.1370.11C0.08/0.0840. 061
Tablle Daily tofr iGdar tpiefr ioofdf i ces
e R0 e
7 5 e
e I |

P6 i sSawuudedays,pwBuinidaylsolaindlay s
Il n Juroéh ol'itbe periods are distributed i'h the sa
to'™0t he distrodsiti ®nt né pame that in July.
Tabl2 Electricity consumption of Cart.i
Jan Feb Mar Apr May Jun
k Wh 29033 31331 31318 26502 293814 31823
U 4823. 5129. 3795. 3076. 3392. 48814
Jul Aug Sep Oct No v Dec
k Wh 3220€& 31999 25485 24893 22490 2294C¢C
U 586 2. 34009. 35514, 3100. 3201. 3977.
Total :(KWM), 411. 0
Tot all 48&,207.22
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35000,00

30000,00
25000,00 -
20000,00
15000,00 o
10000,00 -

5000,00 -

0,00 T T T T T T T T T T T T

R S S N NP N S -S> S - S
FFIE T VSIS
RV PN > X
G @ o© (@
¥ & ¢ ¢
f = 9

FigabeEl ectricity obn€amptifoonf{kwhs}s

Tabl2® Summary of electricity dermharChrmonri todrfaed e

_ Day Ni ght/ week
Peri od
Pavt KW) Phaf kW) Pave kW) Praf kW)
15/ 044220 104 / ¢ 62 95 29 48
24/ 0843200 1008/ - 100 130 19 4 4
22/ 0942280 10 / - 79 117 13 40

52Fuslupphygy consumpti on
TablZ | nf or maft uslnp ppfbyoar t i f of fi ces

Energy supplier Gas Né&euoah
(Name of organi za

Contratred energy >00.kOVhO/ year
Tari ff 3.4

NU tariff periods|1
UK Wh 0.049232
0

G/ kWh Special Tax|0.002340

Tabl® Qaocsnsumption of Cartif offices

Jan Feb Ma r Apr May Jun
k Wh 34299 27821 15654| 12750 6977. 1851.
a 1900. 1559. 877.3 738.4 411.9 109. 14

BaafSP-F CZ03612884069. 1 AprandiiX @ffices PageB8ing
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Jul Aug Sep Oc't No v Dec
k Wh 1379 1548. 1580. 6106. 163014 18280¢C
U 82. 3] 92. 7¢ 97. 0¢ 380. 1 1005. 1125.
Total :( KWH) 554. 25
Tot all §318§0. 02
40000,00
35000,00
30000,00 -
25000,00
20000,00 -
15000,00 -
10000,00 -
5000,00 -
0,00 -
Rt \@& S NFE S
N Yo v &
& CJQ,Q ‘\0 Q'z‘
Figdie Gas cof&kWhahgt iCamtif of fices
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6 Building Management System
Cartif i s provided with a monitoringofand con
appl i cTehtei oonescchnol ogy c heEonseetnwowaks, da tL dmsWoa kdi st r i
guarantees reliability and soundness with a | o
net work involves the sol aTASatjgadsedikesi (swo,)] aheat
and solar cooling), the photovoltaic field, | i:¢
A LonBWekwork is composed of nodes comBunicatir
protocol based on OSI model n Bhe plkhyeiraadl @Badis:
the network are:

T Controllers Neur on Chip and i ts fE r mwar e

protocol ) ;

T Transceivers that permits to connect differ.

T Control mo dEi(l iersc ILwchewoNeur om n@hiex,t etr man s eneimo e

T Routers thhuade tcwoonrnkesctasnd physi cal medi a;

T Networks interfaces that permits to connect

PC, PLC;

T Tools for setup, cehfngdesataond maedwdi kRgnos

T Tool s faari omnp pdleiveel opment Neuron C compiler,
It is a technology that permits the dewel opmen
hardware for the application involved. However
manufacturpat iwdlten appd i cati ons. Anot her advant
i ndependent and it is possible to reprogram t he
As a result, every facility and all its el ement
al so status on displays. Specials applications

andmaelln this way management strategies can be
can quickly be detected and sol ved.

6.1Zonadnint oring networKk

o] §Y
AL

-t
|

FigaeeGround f | oorofs e@arotrisf nceftfwioa &s
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FigaBeFirst floorofse&€mgdrid mdtfwarek

u ST TEMPERATURE SENSOR
BRIGHTNESS POWER 24V
REGULATOR

LON CONECTION

sp WALL PRESENCE
SENSOR.

CEILING PRESENCE
SENSOR.

) T u AUTOMATION BOX
Tabl& Installed devices per zone
Devices installed per thermal zone ‘
c n c O — = « © -
n o I3) ® O = © = - = S o
Zone 0 n IS o n 92 N c o — <
o c = € c T c = o € - %)
o wn o 2] = L — - o = [
a. Il ndustr
bl ndustrie¢ -
officeafet ° ) 1 1 10 i 4
cMul ti func 5 - 1 1 - 3 - 2
d. Il nnovat 13 2 2 1 - 7 4 5
e. SEADM 7 - 1 1 - 3 - 3

fOf fice 1

Secr et

o

Of fi ce

i Meet in

[{e)]

j - Auditor
k. Corridg

| . Bat hr oc
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m. Hal I + 17 4 11 1 7 16 23 7

nRobotics 10 - 1 1 - 6 - 4

o. Energy 8 3 2 2 - 4 14 3

p/Y4i. skbh3LC 8 - 2 2 - 3 - 3

r. I nf or ma

war ehouse 1

S . SEADM 8 - 2 2 - - - 6

t . I nforme 11 - 1 1 - 9 - 1

u. Bathroc

V. CIRAD)

TOTAL 92 9 24 24 61 41 38
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6.2Energyemgatoinan oring and control

A odt waorbeb analyse the working status and perfo
Cartif was al so dehebopeppidievetd iqppaerd i ¢ nl ak ABV I
enviromenemitt s to calculate directly every i mpol
bal ances, powers, COP, etc.). This application
performancesem.f Ittheperymits also to directly ¢
simul at ed s$eystt emmo diel st.r ans

e CARTIF 1 - Inicio

o
A

f \

f -

I
Prod. Calor

| SElE

Bombas Calor

Ed canre

Figa@abeBMS interface of Cartif office
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| Calefaccion

Bombas Calor

Fan Cails |J

CARTIF1 - Produccion Calor

80,3 °C

Marcha

Averia

.}ltﬂ’f:}

Averia

Paro
Averia

Paro

Marcha
Estado

Averia

ﬂ CARTIF

Prod. Calor |

| Bombas Calor |

65,0 °C

76,4 °C

Il 1000%
Nec. Absorcion|  Off T.Exterior | 53 °C

Paro Caldera Off

FigadbeHeat

Fan Coils

product i on onfafniacgeesme nt

ACS

Calefaccion

Bombas Calor

| 4

CARTIF1 - Calefaccion

-]

785 °C

Paro
Averia
Paro 383.°C
Marcha Averia I Sraee
Averia Averia
Paro Paro
Averia Averia
338 °C
2

Corte Radiadores

ﬂ Corte Suelo
CARTIF

FigadrveHeating

Off Horario Radiadores | Desactivo

Activo Cons. SR

Off Horario Suelo

Control SR

Exterior

22.0

T.Exterior [ 53 °C |

Radiadores

Dist. Suelo Radiante

Ret. Suelo Radiante

=

system management
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Prod. Calor Calefaccion | 4 CARTIF - Produccion AGS

Marcha
| — ]
Averia
— p— 500 °C p— g
. a ®
! Marcha 191 °C = s
Averia @
= Marcha
— 00 % i
Mf Averia e
—
e t®
sy |
_I ;- =
) & =/

E ] Horario ACS Desactiva Horario Grifos | Desactivo
CARTIF

Figa@BeDHW production management of Cart.

Prod. Calor | Calefaccion | Fan Coils | j CARTIF1 - Bombas de Calor
e 10 275 °C
= e

279 °C
Averia -

—" 1
78519C A Paro
—_— Averia Invierno
Invierno
- 0,0 % (el H===]
—
1 iy
¥ = Paro Averia
| Paro Paro
Averia Averla
]

235 °C 4 ¥
205 °C Invierno

Paro E f— e | Retorno BC
(ol A
'...;'A'(@, e Invierna EJ
17 =
Averia i

] Horario BC Nec. Torre Off T. Exterior 55 2E
CARTIF Temporada BC | Invierno Sistema Solar Off

I 1k

Figd eManagement of ehemagyppmpduofi €Cartof of
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Prod. Calor | Calefaccion | Bombas Calor | | _..I CARTIF1 - Fan Coils Oficinas
= FhG N o Uz Paro
o
T 16,0 - B Averia @
—— )
| 1 Al I A - =
a Fan Coils
% B2 FJZ —
E| T 1 ) I %
e g
oo = Paro
235 °C Invierno V3
205 °C Lo :‘%: Abierto
= |
Paro ek =
00 % - M; V2
— | Cerrado
Averia
a Absorcion
] Horario BC Desactiva AM BC Auto Mando V2 Cerrado Mando Sec SR1 Off
CARTIF Temporada BC [ Invierno Mando BC Off Mando V3 [ T Exteror 55 'C
Mando Bomba B2 Off
FigB8beManagement of energy production f
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6.3Energwypwonseoring and control
On the distribution side, the building is prov
radiant floor, fanTheoidensmnrd dndhddtngatsorstreen w
under the LonWorklslEowitraghndtaaldl. el ar ¢ hehdwn t he i
power balance of them.
Al the system is wired with shielded signal c
number of threads needed for each device. The
twisted cabl e.
TablZzZ BMS installed devices and power bal a
Devi c Mo d e | Manuf ac Power Vol t ag
Mo d . LOILON I/ O mo(SVEA 1,08WNC (24V DC
W 6 W 3 WAL 220V AC
Mo d . LOl Xent aF Cl/2213 0/ TAC 90W 220V AC
Fan coi l
controll
Mul ti sernMds| 206 Thermoka4, 2W 24V DC
PresenceRK2000DPC Gardtec |1, 5W 12V DC
PI'R 360!
Presence EWOO-BB Gardtec |1W 12V DC
PI'R wall
El ectronQTi 4x18 D OMROM 72W 220V AC
ball ast
LuminosiLi 04 LON Thermok¢0, 720W 24V DC
sensor
LON
Di mmer |Double taciThermokc¢2, 2W 24V DC
Switch |Single taciThermok¢2, 2W 24V DC
Temper at WRF04 LON Thermok¢c0, 600W 24V DC
sensor |
LON PoweLon PO 3uwepl ySVEA 0, 2W 220V AC
supply L P-®
Di mmer ¢{Di mmer SVE,SVEA 0,300W FA LON
L ON I/ O Modw e
DI M10V
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n

E :| Energia |L E‘
15a 15a
15B e
| I
; 100.01 | 100.01
| 100.0 1 !
|
L] | :
|
I
n 15C 158 ' 15B 15A ., 15A
I
|
|
- LT K
|
100.01 1 100.01 : : 100.0 1 100.0 1 : 100.0 1
1
cm= @épsa ®szse
15C 158 i 15B 15A : 15a
]
I ; .
T T | SIS | S Ry
Living Lab 100.0 1 100.0 1 100.0 1 100.0 1 100.0 1
Iluminacién 15C Iluminacién 15B Iluminacién 15A
Iri;ﬁ:;u | Of£ | I 71\?1?:5. | Of£ | | 1 00 Ir;ﬁﬁ:;u | O£ 1| | 1001
__________ | P _____ _____ | A _____ _____ | AR
Presencia SP63 Presencia SP63 Presencia SP66
Wodo '_fu_t(_:_ld Estadu;‘ """ ': Modo '_I-k_u_t_o_ld Estiml:llr '''' ': WModo '_fu_t&_:_lﬂ Estiml:llr '''' ':
w0l &= e s i)
FigBR2elLighting management of Energy | abora
T2 EXTERIOR
-5.88 °C
= O |
f BOMBA DE CALOR UBC7 BOMBA DE CALOR UBCS8
I MODO OFFSET MODO I OFFSET
AuTO| | OFF 00 °C IAUTol [oFF | 000 °C
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22.00 °C [REaT] 22.00 °C
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[ ...:III||"| 20.07 °C -..||I||"|| 20.91 °C
[r———— =1k n n & s W5 . o« 2 . W 0 s a s 1]

FigB8B8e Hepamps

management

of Energy
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6.4Contsrtorlat egi es
641 Enemgeyer atexinstievglcontr ol
6.411Hot water generation: boiler

Hot water generation: - INERTIA TANK
Gas Boiler —6\5} :

P3.a —
P3.b @ Qﬁ’

V3Vv.3
6 X

Pl.b Radiators
Air heaters

1
@ F7 Radiant floor
L]

Absorption

{{5]} chiller
S’
v~
V3v.2
Y GAS =
(O BOILER | -=-teu- {gg__{§é}__ _ﬁzg__43§__

V3v.l

SOLAR STORAGE

FigBdeBoil er operating scheme

Tabl8oilelrsteenddor s

System I D Description un i
BOI LER T51 |Supply temperature from boilAC
boil elAC

-

T52 |Return temperature t

o
T53 |Supply temperature to inertiAC

T54 |[Return temperature from inelAC

T55 |Inertia tank temperature AcC
T33 |Return temperature AcC
F7 Boiler flow m*¥ h
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Tabl®¥Boidelrated objects

System |I D Description Control

BOI LER |[ON/ OF|Boil er on/ off On when:
BOI L EI BOI LER_SCHEDULE
BURNE

T51 <= 900C

P1. a Pump Bxdislteari butOn when:

P1. b BOILER_SCHEDULE
starts 2 minute
of BOI LER_SCHED

or :

SOLAR_GENERATI O
starts 3 minute
of SOLAR_GENERA

P2 Pump Boiler reOn when:
recirculates t ON/OFF BOILER B
the boiler wheand (one of the
temperature is
point t ank T52 < = T_MI N_TS

T51 > g810cC

P3. a Pumpi neortia ta|On when:

P3. b T55 <= T_MIN_TS
V3V. 1|3 ways miadevse.t |Al ways open
water with the
V3V. 2|3 ways valve. Open—when:
to the solar p soLAR GENERAN O
returns to theIt sto;s the boi
variabl e BOILER_
V3V. 3|3 ways val ve. Open when:
hot water to t -
ON Whené
BOILER_SCHEDIZONE_SCHEDULE = ON
RADI ATORS_ _SCHEDULE = ON
ABSORPTI ON_DEMAND = ON
HEAT _PUMP_SCHEDULE = ON
DHW_SCHEDULE = ON (al ways OFF)
BOILER_STOP When:
V3Vv.2 = 0 (open to solar stor
ZONE_SCHEDULEWor ki ng = ON

rom 6h30 to|P16
room set poi

rom 16h00 t¢(P16 = ON
room set poi

~T T
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S

RADI ATORS_SCHEWor king From 6h55 to|P17 = ON
ABSORPTI ON_DIExternal vari ablAdsde pen dinng haon
HEAT_PUMP_SCHAIIl week|From 5h00 to | P12 = ON
6.41.2Col d water gabeoapitowomn sbol &t er

FigBbe S@albawmr ption chiller operating

Taba2® Sabsmorption chiller related
System I D Description Uni
SOLAR FLATI1 Tracking fieldcoilrdl)et tempAC
PLATE T2 T K i field tlet t AcC
TRACKI NG racking i e ou e em
FI' ELD T3 Collector evacuated tube aAC
SOLAR FLAT2O0 Collector flat plate inlet AC
PLATE FIE 59 [Collector flat i lheotte outl e AC

T22 Collector flat plate auxil AC
SOLAR FLATI1O0 Heat exchanger primary inAC
PLATE A

T11 Heat exchanger outl et tempAC
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