KU?PLTB 7 A¢gEBDODLB UYBsd¢g
Ky oUGUey 96 jUsgeoasoaszdUey v3 &
geeyUd UU; epUqUUg Udd Ecesaed

3 8280290 Usose "1 eleecgaxld
aUs3asUReasg GguUeegUUsd €U
UsUs UL Gosevys UdooaUU8ygpo
UsUooat 3 dyjyeUslGdd, yis3dd
a2Ua} a9 U

Simulation and design of an innovative system

with optimal combination of renewable energy

sources to cover heating, cooling and domestic hot
water demand in buildings
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Abstract

In recent years, due to the rapid development of human activities, energy demand and
consumption has been increasing steadily. Reduction of fossil fuel reserves combined with
environmental pollution highlights the significance of this problem and makes renewable
energy sources more important than ever. As the consumption of tertiary building sector
occupies a very important part of the overall energy demand, systems that combine renewable
sources are among the most promising solutions for this issue. In this respect, coupling of
Photovoltaic-thermal (PVT) collectors with a heat pump configuration is a modern alternative
that replaces traditional heating means such as oil boilers.

In this diploma thesis, an innovative renewable-energy based system is designed and
examined for covering heating, cooling and domestic hot water demand in a small complex of
apartments located in Athens, Greece. This system follows an alternative configuration of a
dual stage multisource (air and water) heat pump combined with PVT collectors. The selection
of heat pump arrangement results after comparing a big variety of possible configurations witch
are thermodynamically modeled in EES (Engineering Equation Solver). The final choice of
heat pump is optimized as far as some parameters are concerned and is dimensioned
according to the requirements of the installation. The energy produced by the collectors can
be either used directly for covering thermal needs or stored in a buffer tank for supplying the
heat pump with low temperature heat. By doing so, all solar radiation is exploitable and the
heat pump operates with an elevated performance for a longer period during the day.
Moreover, the way that solar heat is exploited by the system as well as the selection of input
source (water o r air) i n heat pumpds evaporator
computational simulation. The same configuration is also used in summer, when cooling is
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suitable geothermal heat exchanger, which adds an additional renewable energy source,

increasing significantly the installationés

is to meet 100% of all thermal needs with an optimal combination of renewable sources and
minimizing electricity consumption.
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Closed Loop, Freeze-Protection System
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= ch,superheating
Twater, desup _Twater, out rth WaterO:H,ater (3-20)
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dFt):ond cd — fcond cd D GQnd \ conQ cond C (322)
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Gcond = mR cond/ Avel coni (323)
aUs
condm OS(Vcond liquid -Pvcond vapou) (324)
ZU vl UGy )y U009 d GYdVUUJQE’UUB@YQ@%r@hMﬁaMUQGSlegusef]g
hooaed Usg ygoeUsoai auUuUY Uo[BJBgmgaeLuMUmg’ULy;;ealﬁmgiY'pJQGS
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Gge + o337y "~ aoUdeUsllBayYyalUUd d 6 6alU tas3UUUs:
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(3.25)
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Paicad o) aloed “~aldd d 6 ealU U eUUalUa dUjyecugsless
] oahed, oGci Us:

D,2
Qoo o0 = (7 o1 = Fog 99-81 8- (3.26)
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dF():ond port_o'75 @M) (331)
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UsY e63YulU U slGyYaUsBdesi Vol Uds e @
Gcond port — = rnchond (332)
pCDport/4
zU bylGd UOU "Up U0 ¥3y, g codoacWlde Udlisg sBgss age 3" W
Kz. (3.33)
dF():ond = dFt):ond cd +chond sh ﬁpcond sub d'F)cond ports in dlp condspaut (333)
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Qcond, sh: mR conc(h cond in -h cond ;I (340)
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johed, GUe 3 U0UieU Usg 3U;6i sidaei Us:

Qcond sh™ Q/vater cond sh =rnwater(md (ﬁ/\/ate( water cond out TT/mtcmd ,sh) (341)
) ’h Usd Uy U yYs v UV3~9u”LuU9g’° g eaeoase3UUs @o du
J Ut euUuUesd (3Uyei) oaUs Uesg dUjeagi J Ui e UUBBE3: ( ygaUs
0 i Yo 5 WY - (3.42)
'L") i YO i h - h YO F] h h h - h h h
n h A h
h P Foof
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h 8gheokhd 8 UUaUa Uds UszdUa aU Usg J Uguaxxe)i aUe Gdel
GoU Ue }300jeadi Usigci Us:
Qwater, cond cd = rn/vater, ond qum( -l;/ater, c od sh -Fwater cah) ) (346)

# 8Twaterconay U3 UGy ) O0UUs GUd dUjesoay UGalU Uesg 3Ujei GUe
aUebY3Uosx=0gBos Ug e eiDg4Blasd)y Ua Udy as OUUsdqU " f Uds Usal

0 & YO i JY . (3.47)
5 e h(.p){ WY % - Y i Y"ﬁ B Y rn Y R
g e ¥ e Y R Y R h
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03*T_high_out"2-6.96843995E-03*T_low_in*T_high_out
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0 Q_Evap=2.29692568E+00+2.74234987E-01*T low_in+9.65425473E-
03*T_low_in"2+1.21085468E+01*dT_low+3.26924349E-01*dT_low"2-
1.14052373E-01*T_low_in*dT_low

0 Q_cd=4.00977586E-01-2.12927199E-02*T_high_out+2.80141634E-
04*T_high_out"2+1.12907938E+01*dT_high+5.97573666E-05*dT_high”2-
1.83154823E-04*T_high_out*dT_high

f sUsUsgyoaU ehse Udd bUdeauUd gydeed "~ allGdd

0 COP=1.07628768E+01+2.05079743E-01*T_low_in+1.37731405E-
03*T_low_in"2-2.10361427E-01*T_high_out2+1.41506281E-03*T_high_out2"2-
2.79895117E-03*T_low_in*T_high_out2

0 Q_Evap=-5.99371637E+00-6.54802799E-01*T low_in-1.56524156E-
02*T_low_in"2+2.35580499E+01*dT_low-
3.86632412E+00*dT_low"2+4.98399741E-01*T_low_in*dT_low

0 Q _cd2=2.88412772E+01-9.71373501E-01*T high_out2+7.98285731E-
03*T_high_out2"2+5.50458696E+00*dT_high2-7.97151713E-03*dT_high2/2-
4.53571342E-03*T_high_out2*dT_high2

sUsUesgj)oalU dyjeUsldd eU Uydole "0U)essb Yleibeass (Besdd Ue

1 ¢UgUfhecyead aUsUegyoal aUs Uxs Uie bUdealrs

0 COP=8.09766012E+00+1.18810186E-01*T low_in+2.32760768E-
04*T_low_in"2-1.15160145E-01*T_high_out+4.32652689E-04*T_high_out"2-
4.69074279E-02*T_high_out2+3.22817123E-05*T_high_out2"2-9.61645056E-
04*T_low_in*T_high_out-5.02816637E-04*T low_in*T_high_out2+6.58253996E-
04*T_high_out*T_high_out2

0 Q_Evap=2.50783507E-01-4.58673281E-02*T_low_in-5.45997613E-
04*T_low_in"2+7.67003511E+00*dT_low-4.81653847E-03*dT_low"2-
1.87741204E-02*T _low_in*dT_low

0 Q_cd=2.42553607E-01-1.24342013E-02*T high_out+1.58310089E-
04*T_high_out’2+1.12821601E+01*dT_high-9.10473915E-
06*dT_high2+4.64413550E-05*T_high_out*dT_high

0 Q_cd2=1.86056617E-01-6.39098718E-03*T_high_out2+5.46017271E-
05*T_high_out2"2+5.09100316E+00*dT_high2-2.38518445E-
04*dT_high272+4.51895582E-04*T _high_out2*dT_high2

f sUsUsgyoaU ehse Uddg pdddadalUd cUedae

0 COP=9.77433339E+00+1.76364203E-01*T low _in+6.41406257E-
04*T_low_in"2-2.34177858E-01*T_high_out+1.91835272E-03*T_high_out"2-
2.60316461E-03*T low_in*T_high_out

0 Q Evap=3.46461393E-01-9.25556257E-03*T low_in+5.50104703E-
04*T_low_in"2+7.58521960E+00*dT_low+4.98458127E-03*dT_low"2-
2.55420106E-02*T low_in*dT_low

0 Q. _cd=3.26494463E-01-1.59916236E-02*T high_out+1.91841833E-
04*T_high_out*2+1.12801775E+01*dT_high-8.35938378E-
05*dT_high"2+1.26378524E-04*T high_out*dT_high
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f sUsUesgyoaU ehsae Udgd abUliddedoi Ud gy doeed

0 COP=9.56735556E+00+1.54457995E-01*T low_in+5.91164710E-
04*T_low_in*2-1.65033144E-01*T_high_out2+9.61839702E-04*T_high_out2/2-
1.78248299E-03*T low_in*T_high_out2

0 Q_Evap=-6.95281070E-02-6.24768209E-02*T low._in-1.44305873E-
03*T_low_in"2+7.98235390E+00*dT_low-1.06735547E-
01*dT_low 2+4.11888013E-03*T low_in*dT_low

0 Q_cd2=2.77320931E+01-8.99215735E-01*T_high_out2+7.17051042E-
03*T_high_out2A2+5.25870239E+00*dT_high2-6.56739115E-03*dT_high2/2-
1.20947701E-03*T_high_out2*dT_high2

sUsUas gy 2 a(le eysicehdtibelslg j @ a U)

0 COP=5.38950392E+00+5.32788717E-02*T _low_in-4.95954586E-04*T_low_in"2-
1.38343285E-01*T_high_in+1.16389803E-03*T_high_in"2-5.56865186E-
04*T _low_in*T_high_in

0 Q_Evap=2.56335857E-02-1.08167273E-02*T_low_in+1.10045626E-
03*T_low_in"2+1.13900778E+01*dT_low+3.70037773E-03*dT_low"2-
7.56557262E-03*T_low_in*dT_low

0 Q_cd=7.64873421E-01-4.85763819E-02*T_high_in+7.85035894E-
04*T_high_in"2+5.16341095E+00*dT_high+3.40509554E-04*dT_high”"2-
1.51946580E-02*T_high_in*dT _high
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Heating mode DHW, 45-55 °C

Space heating,
35-45 °C

Pv/r |
o V5 J
<55-60 °C £ A
< \J From mains (~10 °C) i)‘
(W] I

High-P Condenser Compressor
thh vapour
injection

Econogizer

; L pr—
)F 4-way [——]
2 valve Low-P Condenser 7 4-way
| IHX i vaive
X T Compresgor
9 E
Vapqra}or§ |
e = =

)
5-25 °C [ ]

Ambient air = |
(used for )
T>10-15 °C)

2
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DHW, 45-55 °C

Space heating, Pvr /jL
0,
35-45 °C <85-60°C

o
<— § From mains (~10 °C) L
; High-P Condenser Compressor
Econofnizer with vapour
injection

t:;’:z Low-P Condenser 4-way
IHX valve

Compresgor
{ Evaporator

5-25 °C q
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DHW, 45-55 °C

Space heating, Pv/T
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Incidence angle (°) | IAMin transversal | [AMin jongitudinal | [AMeltransversal |AMel iongitudinal
-90 0.000 0.000 0.000 0.000
-80 0.560 0.000 0.800 0.200
-70 0.784 0.500 1.000 0.450
-60 1.030 0.740 1.093 0.489
-50 1.075 0.860 1.093 0.796
-40 1.097 0.920 1.133 0.888
-30 1.105 0.960 1.227 0.914
-20 1.075 0.980 1.267 0.998
-10 1.065 1.000 1.267 1.005
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Peak cooling load (kW) l
10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 |100
Peak [10| 4|48 8|8[12/12/12[16] 16
nealdl20[ 8 [ 8|8 [12/12/ 12 12| 12[ 16|16
kwy |30[12[12/12/12[16 16|16/ 16 16|16
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