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Abstract

Background and Obijective: Considering the demands on constructing high energy
performance buildings, technical solution is needed to be used for decreasing and improving
the energy consumption. One of this solutions is underground energy storage that is
considered based on short-term or long-term usage.

Method: In this study, a hospital in Tehran city, as a high energy performance building, was
investigated. Fluid and heat transfer calculation for heat and cold storage in the building was simulated
using MATLAB software for underground pipes. Also heating and cooling loads of the building was
calculated by HAP4.5 software and the results were imported to MATLAB software. Then the volume
and quality of the 24-hour and seasonal systems and reduction of carbon dioxide emissions were
compared.

Findings: Heating storage system does not reduce the heating and cooling demand of the building, but
application of an underground storage can decrease the amount of bought energy and the subsequent
environmental damage.

Discussion and Conclusion: The results showed that application of a 24-hour storage system with 15
lines of steel pipes with the length of 600 m and nominal diameter of 3 inches placed in a ground
depth of 3 m, yields 67% heating load and 34% cooling load and reduce CO2 emissions by 127 tons
per year. However, application of a 1-year storage system with 45 lines of steel pipes with the same
specification placed in a ground depth of 5 m, yields 98% heating load and 39.5% cooling load and
reduces CO2 emissions by 169.2 tons per year.

Keywords: 24-hour storage, 1-year storage, Underground pipes, Energy consumption; GHG
emissions.

1- MSc in Energy Systems Engineering, Department of Energy Engineering and Economic, Environmental and Natural
Resources Faculty, Science and Research Branch, Islamic Azad University, Tehran, Iran.

2- Assistant Proffessor, Department of Engineering and Technology, Astara Branch, Islamic Azad University, Astara, Iran.
* (Corresponding Author)


mailto:a.abdali@srbiau.ac.ir

v

it Loy (63l 0 3B d i Jrmoown § 9 (S Ay lio

il VFF il i yia 00+ o 4y s Sl 0,053
Cawl 0030 5 oolatwl S o o YO Ges 4 oudss,la> ol>
S 8 Fa0Ss 5] e VIYO alols 4y 5 elnh &)yt oS
Lol 5 sloos oo 15005 4 Sty ol 50 Lo o
4 e (ol b g Wilonss S Juate (6551 35 pe 4 Wy Lansgs
ol e w55 0 Lo ss e o sl
P9y b Olo (e 059 Geizmed Wb oo GRS Sl
8y ol dil> duw g p,5 ol adl> aw 5l ooliwl LATES
Voo 3ga 50 0,8 laolx 50w slaoly 09,5 alold oS
VYeoo e Colus oo glez bl gl cail oy
G g B pan Glie aonilyd 5 a0 bl m e e
Az Brae Gr g ez S g le S lp e
48 05O 03) Gued 550 9 8L el Gloley sl
ozl ol 5l glaslds slasl8 el 5 5 FA sl
39> 4S5 Cwl 00 B0 oS 09l 9,5 0 b LialS
4 GSHP = 00) <_s—"')‘)'> éuw oo Yo e
Lol oo A+ 45 lonys 5 i Syl ¥+ o s
Lol i (A5 4 6550 05053 s 50 o0liitl
(%) wiloogs U LSRR AN

oy plosil dny (65l 033 aie))o 2ol 53 ol 5o
S5 5 an 51O 5w 5 (5 9—ate Baa Sk el
551 Sl GhalS e s (55lme 235 (Slapiunss
A5 s 50§ B man (3ged SS9y 5 (S S
Ll 58l Dleles Job o bypleisle oy 15 9 goulae
So 35 WA Jlo jo )lSee 5 (6 aie pind Grizmen
J21 5l ogd hisS 555 2 & 89 5l Loy Slae 33 el
oot am Lo 28 05 S slral (8 Slasin L
—ondge sl S e B el glafily
O (Seeliads dupge i Jolod gl ulul 5 (F) wisls)| 3
byl b slae p35 35 Slojle izl (Hib Glue S

ey ol @ Glalejor csls Dlggl S PRV (g 5lue 5055

doddo

PYL A @b L sleplaslo cobn o ollas
a0 o baulss opl el ial3dl b 5o ol claylil
Slaal B,bl 5 0 Skl byl slaysis Lawss Jsl
i e bgyl 50 (65,50 Brae slaslaslinl s ail S s
Sl gleizle Sl addle olidl Ldo a4 Ko B,k 5l
g By |y 5l (nl ey slanme 5 635 5] Ay ool
0y —>d gy jloslai Wl Lo Voo A o jo je—wal
Sl G caz LS ilwemd gl (BTES) Sal>
ol &5 L B olay Ban podle oS (s Sai,
o V00 os & olx VFr Laugt ool azlge (ool oniils
Foeoee S 0355 595 2 () S lyear oS
ool Eol )0 g v ol e S e
YA e 48 0,8 aule gy slags Sl
CIslSe Y+ v 5 g 0,58 |y 3 (55,1 ey gl
sl Bl ile 5 09as DL3L ) 2ops FA (m el
45 5 Sl pSd b uizmen el (55l 23S s
S SenSlige Jlasil el 000 5 (o g (301
(V) 8l pals Jlo p3 (5 W (o) e @
(ATES) lg5ul (glwe msd og, Yoo Q@ sm am Jlo 5o
oolinsl (gl b o sl (9wl Lawsgs Loy 0,053 (sl
Ohg)y (nl 50 a5 2,8 8 ealituls jge 55 0 slag Lozl 5
5 TS i S 5l ) eado 33 0y b )y o
Gt iy 4 o3lgd ols s 51 093 (6551 a5l g
5 el SIslEVY -l addllans yge oloila (gl S9 oo
A (als 395 porns i (] S5l VFF Lz oo
(M)

099) b Sl pmite 0595 9 BTES (39, b nSsisST o35
Sl 33 slopian 5l ool b ofg p aiges 90 ATES
L oS S 953l 03gm 50 (1) wodbioe (had (o Gz
ooyt )] 0038 5 995 6350 (S pslae by, 99 S S
S a5 eolgls Y Lol )5 el cg> BTES s

b 0SS (o0 (SN @peyie VPN F e Sl a4 il




U‘)&M 9 é‘};b

QA olo jud (AT 0 loults can § Lo (55919550 g pale A

D80 dmiline (o 50 oo Gy 5 wloe s &

5 kel 4 ol ezl 31 g 45 Conl 0l 1 553
Dby L Giale S sl 3o y50 Jsone 6551 5y5leez
3wl (M e e 55l 0233 e S
il iS5l g gl Jobs &ygoinl jo ail Glexsbe
S35 S3lo S S9h (redS (Silwo S SI Lade jslaredy
Sl ISt sy 5o 881 o) slaginnn 3l oslaul b
255 o0 plml )

30,5 o0 el (€8 S s 4o e (2 Joe
Sl oaliools lad V IS o aS (a9 dlg) lais L
e sLad L) 5 () bl (VS pletsbe Jus
&9 dmlne (BUSE) ) Jows ams oo by | pleile
31 sl il 4 a8 wylas e Jow |, baalg) js &yl az o
el (P SD)mny Joo 50 098 o0 Lo ey 4 el
walys fate ;S0 4 ba oo 358 oo dnmlne (e 5o Lo
gt 5 od=bdnle Gl Jobo 3 i L8, 5 39
St 5l SVolee sl issla e Gal el sl 00,5 o0
arlgz solaiwl Cdjen ¢ Colan &l Jlanl g WYl b >

9,5

o ol sl b el Juso ¥ U

Figure 2- Building Model with its thermal loads
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Figure 3- Schematic of entry heating loads
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Figure 13- The power needed and modified for
heating and cooling over characteristic days
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Figure 16- Sum of thermal energy of storage
system with enough number of pipes over
characteristic days
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Figure 17- Sum of thermal energy of storage system

over the repeated period of characteristic days
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Figure 19- Temperature distribution over length of

the pipe at different times of the repeated period of

characteristic days
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Figure 22- Sum of the energy that is entering and
released from the ground with 1-year storage
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Figure 21- The power of heating and cooling demand

and modified for 1-year storage

sl S 70 e as Ay VY KWhH o smdol iola $
(S ooy Ay 2SI 28,57 585 50 L) Bl oo LS 590
Sinle s $17 a5 -#0), ¥0A KWh soo_smdal iolo s
Bl e 5les 50

S5 roadg ol slayl elul 1 aVls 0,333 pitass >,k
A STaS cl gl ol 8 Jlaine Lk cnl o sl a5
o3l sl sudeMal o VL 55l i 25L
L 1 g aalss o3l s alg) Lghas Sl 5 s
Sy ilop )b Sy wm U i (@95 Sls> ()9
e ol ) (b T Sy (0 355

e (8L Sz cdie Jlle 5 s (ileand Slewla o
Sl yd 5 oS e 3)lg 1 slaeliady) bylas slaad b
Ls 0L e ady) Job e ol conlis sl
A Comud by has slaxl pain e &5 jsbjlen g walss

dae 45 Sl ool ol aw sga aieln YT (g3lwo uzd



v

et Loy (63l 0 3B d i Jamoows § 9 (S dus Lo

AVl 0 pud b (o AL (Fl> (55 Egome -TF IS

S algd olass g

Figure 24- Sum of the energy that is entering and
released from the ground with enough number of
pipes for 1-year storage
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Figure 26- Temperature distribution over length of

the pipe at different times pipe for 1-year storage
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Figure 23- The power of heating and cooling

demand and modified power with enough number of

pipes for 1-year storage
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Figure 25-The temperature in the ground,
around the 8 meters radius of the pipe for 1-year
storage
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Table 1- CO2 emissions and its reduced
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Table 2- Equations of the building model, the pipe, the ground and CO2 emissions
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