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System: fis__3

X X T X X
Twpe 1
—W Effmciency (3 MFs)

TRPolic (3 MES)
Swstem fis: 3 input, 1 output, 27 mules

Bob. 1. B50dOL 3OO 3539¢30L 30336900l b0l 3sdwsbo-1 Eodo

959sb0-1 dmEgedo mommgmwo ool GmEOIMEo®gds (1) 990gabsocos:

ifgbo: v x1 560l Ail s ... ... Q5 Xn 5ol Ain, 35806 y s¢0b B. (1)

L5, X1... xn - §98535¢00 (33¢9IYO0; Y SMOL 45dMT535¢00 33¢o©o. Ail... Ain
@S B 960l 890535¢00 @5 50mBo35¢00 (3300500900l  9bmdMogo 3503369 mdgdo
(&©B00).
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[sdogo, 3900, dgbobodbsgo] {0,0.5,1.0}, ,,96960a3969x%96GH0  LoLE 9oL
©3696M235” [LYLEGO, Lodysem, deogmo] {0,0.5,1.0}, ,,LsEGMBLIMOEHM dMmEo@Hogzs”
[3bmg560, Bea®Isermeo, d339000m0] {0,0.5,1.0}, ,,96m36mmwo mbols 9bgMHamgngd-
AMOMIOL 06035GHMM0” [605989]GMEM0, Tobaobocrm®mo, 9x39d@mdo] {0,0.5,1.0F.
035053035305 godmoyggbgds 8995350  0b6x3m®As3ool, 9B 83s30m  HoEbzgdol
395B5Y35650 396M396 OXAMRI0JOS©. 3965339000l FgOEGOWO FobloBLgML3L
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0905350 8B M3560  0bxgmOTs3z00l  Tguodyzol bsdolbl mommgme Falomsb
900500905d0.  figlgddy  ©oRMdbgdmwo (Rule Base) 80ymdsd  ©YGICMEMO®

3obLsbEges 27 fqbol  3Ogdmwo. 99009y  9BHI3DY  3oRBEHMwo  {gbgdo
3996000569305 LH3MBGHOMEM  8Mmddggdgdol  Fgloddbgers. WIBIHBOGOISE0S
5MH0L  5EaMOOMToL d™m BsdoX0, 396GHOMOMWO IRIDBOGOIHF0S by Ol
0b™3560 B53M00L Loddodol 396EGHOL X-gedol AsLH3M03. ob Jodmomzegds (2)
BMINol 459mygbgdom, bLosa H(Xi) s®ob Xi FoMEHowOob AsbEsagds LogMzgdo.

Xp9bSGmo@zeo = SEK 2)

50 Loggbmdbg  ©aRIBoxgoIsG™MM0  094gbgdl  d03m3b6900L  BMbd309L
390005350 (3350 LOYIBI®,  Loosbs3g  BBL, O™ Logodmzgermdo
959603939JAIOMd0L  060035GHMOL F0g3mmgbs 100-sb  17.3 Jmams, H™Igeros
09305 BsIMmOBGdS 396306900 J399b6gdol  sbosrmaom® 3603369 mdL
(6sb.2).

IO eSO T T O SO = OS] T
B Stand = 35 EnmMs — 291 TPolic — 30.2 Efficiency — 1 7.5
- I N — — 7' I = ourac ]
ke — — — o
e — — "~ ]
I -~y I I I = s
= - ., I = — — — _ — — — —
. ~ Crrira) a I
~ [ Arars
= | ~ 1 [ = | [ —— Ja= |
- ™ ] | e T — | o — — ] a2 | ]
o = ~ Lo
= | - 1 | - — > —1 | e — — — | pmee ﬁ |
. - - - Cowrim)
o | | | -~ e —1 | 4 — — ] s |
- ~ Crrira)
e —— | I S ——— P I
- Lo
=L ~ ] l l L =—— 15 I
- - =
- ~— ]
s = ] [ ] [ =
rMMembership Function (MFY Editor Rule Editor Rule Inference Contm
% — -3 - Aram
=0 _—
I o I == I I Crmind I I
= | ~ ] | ~ — — — ] [ s |
Cmin
= ™ I I S N I Srac I I
e — — .. i
I ) — I ~ I P I A I I
== -, I - =, - Cmin
=% I -~ I e o, I o N ] I
L S - Cmrir
o 1 o - = |
e — — G
- = AAD
=5 I - . I I I I I Crming I
Cmin
o 1D o ] o 1100
o 100

Bob.2. gligdol M3mEgbmdM030 359mbsdergds s domgdaeo 8gga0
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5060360 go6mgdmgds 50blbgds 0dom, MHMA LodsOmMzgermdo dmddgwo 9bgcmam-
918399EHMOMdIOL  356Mmbgdol  slMgdol  d9dsboBdgdo  x9M  3oa3 LoFoOHMIIL
©5b390oL.  BoBMYsMadMH0g s Loxs®mm LsdbobOol 996mdgdl Mbs oshbgls
959603939 AHIOMOOL  BLIOGHORB0IIGH0, JIMOMIOBS S ogMogdol  bobEgdgdols
39600mMwo 0bl3gdGHoMgdol sME0WwgdEMdol s b3s mbolidogdgdo LsFoHmadls
©@OMIo  ©BJsMGIL.  LoJomzgemli  dmagzmdol  gbgemygBozols s  3eods@ol
960560 06@ 9000500 29300L dobgzom, 9bgMao0l FsMmzolL  LobEgdgdol
©bgMa3s  IM9h3gemdsdo s  bgM3zoLol  MdogdBHgddo, 9bgMAMIRYIBHWO™IOL
30@030l  9gdvdsgzgds, 003gdgbBoEos @s 90mddggds  9BO3Mmdm035, 2030
farobomgol, sb9g39 ©OMTo  AobsbaMdeoggdsl  4EolbdmdL s  bgardglsbgdo
959603939JGHMM0 89093900 IYobogms 3960 J00Egds. LoosMmM3gEml F0S3MMBL
3o5Bb0s  200Mm33900w0  BsBHMBL3MOGH™M  3MW0BH03, M3 939380600
533™IMd0wgdol  GH9dbozmMo 0bldgdBHomadol Mgywsdgb@ol (330w gdsLmb s
358MbsdMg30L Bn®dol 3993060905Lm5b, GRYNORYS! 0b639L&H0E0s
99dAHOMGHOBL3MOGHOL 4963000090590 M39009LoL LMZ0L SBIBL. 3HMYMSTsTdo
090535000 @5 290MTo35¢0 (33050001  FoBHM0EgdoL 30RO Lsbom
30995 0bBo300LM30L  250M0YgbgdmE0s BYI30MOl dmEgwo®mgds (Surface Plot),
399mbsbogl bLodyobBM0Wgd0sb MMHPOIOHMIL MO A5B6BMI0wgdsdo, (33sgd0 (%)

s (y) ©96Mdgdbg s 3sbbol 33¢so (z) HoMdmyqbowos yamzo BgsdoMHom
(6sb.3).

Axes: > [ Bstana - | w [Enms - | = [Efmciency - |

mMesh Points: x| isf= v | 15—

Reference Inputs: | [HMak Mar 50) |

Effidency

S0

40
20
EnhMS L o BStand

Bob.3. 893535¢m0 5 350MT335¢00 33¢5EIOOL 3M9530390 35TMsbEgds
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0530 2. 96903989dEMOHMdOL 3olisrdxmdgligdgero mmbolidogdgdols gsbbmME0gwgds
LBogomogganmb Logsge 353H0dolb Mmdogd@ol dsgomomBy

399600056930 9MHd0L MOYI60BIE00L BodMm9Hzgwm 49630ms6GdOL BosggbE ™
(UNIDO) 5363990L 9696309539dGH«96™md0l  golomdxmdgligdgero 0mbolidogdgdmsb
0535380690 (30©bsL 5 3OHMMsTM MBOHMB3gwymeasl ISO50001 bEsbsdEHol
d9L5d5dobo. B3gbL J0gM F90535Hgd0s SMBYIEO 3MIMAEMSTME0 3539E0L SHSWO
©@oHs0boll  sErymGomdo,  3900MmE,  ©FGHYPMos 9.5 39OF-9bsewobo,
96963m9839JGHMG0  360mgdBHol  35sdo s odo@ob  BoMRwgddo  BoGg3zol
5¢350mMB0L $BAM0T0, HMIGE0E YMBROM LOYMoEL beol 9bgMymgngdEwOMmdol
3oLOMIRMBILYOgo  ©MboLd0gdgdIOL  QoBbMEME309WgdsL, 9306090l 3MMEgldo
SOLYOME  ABMLSBOIOYGMBL 5 Fob0dFsdEg  ©I34sgL  BobsblyHo o
9306M3039600 ©B535M3900L Molizgdo (bsb.4).

+

o Liafigeo e 9= BgemaeSoee Ll e e e e ] aefaathalgon Shondsol geapela gl sasbecsmbs
+ -
By Flnnyon 5 St S50 BaSoumrenneBo ameeob e aeSpafiaBoen Loesalen LaSpnamen SulanE B aeSseumabass
+

I PR-ES FoFD HSeon e aca L ety ane

-
o 28 n Bon 3300 apnn Bol 32sBa (4) 2.8 Seaemnboon

*
gy ool oo Ly Sopa sty ggoakaia. (S g Sy hoo
gt oS o 8 el preoSgera Sl st S ool -
R S e By apanB gon oo - shepe Boboll gusios paobo bl sgado WS
+
v
s man Bies 5ff0 e ol Ls Sab By SnbasAnts s BasaS e el Fuas (5] asSm s abamn

-
+ o BaafiaBin o serhe cwabols Boutil p .08 Foomobol w8 da-
BB Zman S0 ol S0t o i SonSl o oloena ops afpnAsBma  [T1 e Bdwemn Boos
@ sBonsy emalS oo "oSofaccls oo gols Seutn Sgnaeme -
1 n - + B B e B 38 s B e B Pty nanils s st (170
o B e i S ool asEEenemsybabocs
rEad @oaBeba (1) goa 2 a6y emmpbob oo J.

| o sBaaAoBoon NV, IR (8] aos (9] 2 Byt

hmpdde Solbempdos
Bob.4. 969639539 BIMMBIOL gslisrdx mdgligdgEro mbolidogdgdols sbsgro oBsobols
5¢03MmM0mdo

539009309)M0 3060l 3M5JGH03Mw0  BgooBs3o0l  dobbom, B3z9bl dog®
99029600  5@mOOomMIOL  dsDoBY,  gobbmGEogw©s  9bgMaMgngdEHmO@MdOL
3oLOMIXMOI9d9o ©MboLdogdgdo  J.doobol Bsgswrm 353MHMBOL Mdog]EOL
39030, 2oaM0gdol s 25650900l LobGHdgddo. 80dEobscg 9@3By 331930
RMIMLOMYGOME0s oMo gdol  LoLEGYsDY, L3  JWwgdGHO™AMS3900L  doge

90994 BHMMgbgem00ol ImbIsMgdsl y39wsBHg 9603369 mgzs60 bsfowo 35300, Logoswm
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353000l Mmd09gdBHolL  9bgMao0l FmmMbmzbowgds ©ITM3I0IOMs (3315 YdDY,
HMAMO035  396mdolL BmTs, 39403900, MsbsFIOMIWIOOL S  30DOGHMMGdOL
650M9bMds, dMTFomdol LosmMgdo, FoMYIML 39d3gMsG M, GHYb0sbMds, MMIgeEdo3
51939 990dgds 2o3egbs IMIBPOBML LMOLIMOL MLOBOMLMYDsDY S 5Tl
X 9630009 Md5DY. 33¢935 9B«)dbgds Lo3zeg30 Md0gJBHOL doge  gobyaro 2021 o
dmboBmEmobaol 3gMomol 2022 (erolb 10 mzol 4sb3sg3enmdsdo  dmbdsdgdmwo
999 BHOMGbgOHF00L  565E0BL. gagdBHOM™MgbgMaool dmbds®mgdsbg  Hgdmddggdols
39dBHMOO0L, 96 (335 00L  SLIMBY39®  49dMYgbgdEro  0dbs  sEdsMMBOL
56500 (Probability Analysis).  Bosbao60dm {erol 200m0mdob s gogMowgdols
365©MB-MY900L 458MLIMZEGEs© 398tmYnbgdmE0s 3:83099BHIOMIEI0 S3W0IOG0S
degreedays.net, Loso3 5QYOXMIM030 Mobrmglbo  d9BHgMmLOEYMOHOL,  Lodsbobm
A993965¢ Mol (15°C) s MMH0Egdol domomgdol 8999y, 93G™MIoGIMS© J00Mgds
d9L50500bo 3600369 Mdgd0.  Lodmermem  35B3969990Bg  (9E9dGHEMgbgdyool
dmbdo®mgds)  (33¢99d0L  JgLodsdolMdOL  oEIBoL  FoBbom  Bodoatmgdyeros
3MOIO30M-0930qboMo  sBoewobo, Moz MEolbIMBL  QOMOdMBOL o
293600 gdol M5 EMIJOOL 3MOIWS30M0 39300M0L OEAIBL TmbIsMgdmen
999 BHO™GbgOHR0LmMb (3b6. 2).

3bM0o 2. 3300930l MB309JBHOL 350dMBOL S 253MOEgdol AMmIEML MIIdO

Boobgo®odm o - 2021 35000Md0b Mo L- 39360 gd0L M ob- 90bomgdM@o
©eggdo, HDD ©ggdo, CDD 929dHOMYbyHHos,
3300

0563560 3725 0 2770
90935000 268 2.6 2720
056G 284.1 0.7 2565
23G0wo 59.4 51.6 2461
dsobo 19.9 140.6 2360
ogbolo 0.5 283.5 2108
03wobo 0 328.9 2154
530L¢™ 0 388.5 2155
L9dH9gddgMo 6.9 165.7 2184
0gdH™IdgEHO 100.7 18.7 2258
Bmgddgeo 180.4 4.5 2525
093993960 315.6 0.2 2780
X090 29040

33930L 999920 9B9305 MJMgbool 3953030963930l 4obLIBEOIMS MIzocgl
339000M5GHM  gmEOol  LYdMsgdom.  MYMglool  gobGmegdol  dglsygbo
3990mg9gb9dmos 9dugeols MHgaMgbool Bmbdios. dglsdsdolbo dmbsigdgdols dgyzsbols
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http://www.degreedays.net/

099009y ANOVA gbGowwol 8s5639690gdols o P-Value 8609369¢mdols dobgzom
d00gdMo  ImEYo  2sdmoggbgds  LsdsBolm  dmbowrmbgwro  dmbdsdgdols
39590bYMZUGES@. 23MOMOOL O F9ZMOGOOL MOV~ YIOOLS S FMbTsMGdM
90994 BHM™gbgOHR0L IOl sOBYOMOL dw0gMo JMMGES30M0 3953d060: r=0.9436930
Qo oo d9L53590b0 POx0L ©9G9Mobsgools 3M95803096¢05
r’=0.9436930%=0.8905565. 5Jgsb BsblL, M3 89% Tggbodsdgds  @oMOMOOL o
393600 gdol M5l EJJOOL  356M0530L s IbIMBgbo 11% D093mom3bgds
d9dmbggz0mo (1b35) BoJBHMMGIOL 35605305L. B39bL F0ge Fogdmeos obEHMEgds
99306090 BmMOdoom (3):
y = 2285.564 + (1.344103 » HDD) — (0.39559  CDD), 3)
oo HDD - 945000md0L 200l ©09gdo;  CDD - goa6M0egdol Mol
©M9900, bmgm 2285.564 5oL iOBOL sOLEOLMS  ©IMHIMD 96533905 (obGol
3mobol  Gobggblio). 2022 ferols dmbosgrmbgero dmbdo®mgds, MHMIGE0E S00gds
LodSBOLM EMbg Baseline, 05656M0T9ds MYaMGLOOL (3) BMOIMom (3b6.3).

3b6.3. 3300930l MdogIBoL 969MMIBIIGHNIOMIOL 06000 33GHMMYd0

boiuemom. | BaRido | SRen¥D | egwmmeo R
2300 ameor | Gobmen. | [JUOTORS | mes. | SRS Rt | 19% | meveeme | g
2o | BMDTRC | AR | ERIR- | wmep 3Pom@a) | o8 FPe
HDD DD Baseline cusum seabo
CUSUIM tarzet
f01.01.21 3725 0 2770 B0 d0 GHRGPLool BeGIerob Bgbaddbpersm >
02.01.21 268 2.6 2720
03.01.21 | 2841 0.7 2565
04.01.21 59.4 51.6 2461 Beobaemepbgero 3nbistingda. GoaGHobool gemdmemosm
05.01.21 19.9 140.6 2360
06.01.21 0.5 283.5 2108
07.01.21 0 328.9 2154
08.01.21 0 388.5 2155 o
00.01.21 6.0 165.7 2181 1o ?%m_m’ LaBoBEa
10.01.21 | 100.7 18.7 2258 W o
11.01.21
.. phliing,
FAI 2233 -548 75488,
47 % | 2105 516 | 4 1064 §
-331 2200 -540 -1604
404 1808 -466 -2070
598 1856 455 2525
-788 1758 -431 -2956
-901 1733 -425 -3382
-960 1717 -421 3803
-1054 § | 1771 —434 | § 4237 §
\-y 185¢ -456 % 26930

9696amdMmdbdsmgdgmo  Mmd09dGHoL  969MM9B9dBHMIOMdOL  dobsbo  (Energy
Efficiency Target), 9gLododolmdsdo bs ogmlb 8mogmmdol dogh 4sblsbrg®mem
959603m9R9JGHMIOMOOL 350 YdoL  18-25%-056  3MI9E3500056  0BEYOMIb,
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d9L50530b5, 33e930L  MdOYIEHOL MJoeobBHMMO LsFOBDY WIBIBMYOL oAb
9530996905  969Ma00L  dMbsMYdOLy O sHBMAZ0L  3MEHgbi0swol  Logmdzwrosb
3o9BMgdsL s B396L Boge Tgygbods seam®omdds  19,7%  2obLlsHwzms
Y39wsbHg Mm3GH0doeve 3609369 mds. BsdoBby dmbdsmgdols sbgstodo ogbdsmgds
0565996OMAgdL IBMAMb gargdBHMmgbgmaos 30630 9G o oBbols dobowmfgzs
390LsbEZOMO  EOHMOL  496TogwMdsTo  LsdsHBolm  MBYLED  FgsMgdo.
539600y 969MHaMgBgBHMOMBOL  3m9B03096G0 (Mg yHo  ImbIsMgdol
B9OMOS  IMLoermbgw mbIsMgdslmsb), GMmIwoi dgladwgdgeos ogml 1-bg
390, 059050 vy 1-Bg bogargdos, ob m339 9639690L 9bgMPO0L  IBMYZSL.
3°9m3w9boos  dmboGHM®mobaol  3gMomEdo Mo IMHo  EbsBMYo  (Mgowr GO
dmbdoMgds  dobml  ImbogrmEbgwo  dmbds0gds), OHMIgwos  ob3oMmMdYOME0s
09000b393000 GoJBHMOGOO® s M50Tg Lol 356MEBMT0GMHGdL 56 99399 JdMGdS
(6sb.5).

neradeHegbyGaools GobistHgdols
w

65b.5. FmbTsMgdmemo gergd@MmgbyMaool MgsewMo sbsBMo (3mbodmMobyaol 3gMomdn)

9902960005 ©BsDBMPOL s FoBBOL  3MIMWHEOMEmO XSTOL  AMSRO3IMWO
3900bIbBMgds, HMIgoE 9 IbmwmE MHOMB3gWYMRL FHM9bol bobl, ol sbigzg
030l sbsBMYL s 5839690L, HMEOL 0ffygds 9bgmymgzsgdE M mds (65b.6).

99LF93w0w0s  gEgdBHM™Mgbgtool  d60dzbgermgsbo  ImabIsMmgdwgdo  (SEU),
3903MB, 39M0WgOOlL s gobsmgdol LoliBgdgdol Loddwrs3zMggdo. goaMowgdols
LobBgds dmobdo®l Bo33eg30 Md0gIBHOL dmwosbo gwgd@®MmgbgGyool oL
6ofol-96% (b5b.7).
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— LSOYB mby — 3OO0 G-565Bm0 e 3TOMEDSG-80B560

Bsb.6. LsdsBOLE EMBY, EIBsBMYOL 3MTMESEOMO K9T0 s JMFEsEo®o dobsbo

96963mom©oBHol  3Om3glds  qsdmogwobs  9bgGym@sbmazol  Lsdobby:
9md39gdeo  bods3030Mm  3m33MHILMOOL  dMo3s  3bgwrgds,  3006MH0MYBL
L5F0OMYOL F33dL, Aol 2o59hb0S IBIEPO oMo Jd9gdoL 3mgn030gbEo - 0,86%.
Goms  doofigmwo 0dbsl Bsdobbg dsB3969dgo  (Bmbdomads 23319 33¢LoY/fgwro
Boggamo 29040 333HL0/Hge0), 25390090005 3MI3OYLMOOL  IM3sL  Fg33Cols
dMmY0Mmgds, 8999 9B93BY 30 0930905 F90BMOOL @S ABsMYdOL LobiEgdol
dmgMbobo309.

999 GMmgbgtool AmbdsMmgds, 33GHL

239Bsmgds

39MOMOS

2393M0Wgds

X500 |

0 5000 10000 15000 20000 25000 30000 35000

65b.7. 9bgMyools 3603369wm3z560 dmdbIstgdergdo SEU

Logom 353MMm30L Md09JGHJOT0 A93M0gdoL LolEIoL LsFs303MM 3HJ350MdS
9dm0o353L BoBs303MM dEM3To 3OMEMIGHOL s 4994030l BMBOL YogMowgdolmzgols
LoFo®mm 96gMa00l  M5MEYbMBIL.  A9MO0WGOOL  HBHZ0MMZOL  Folosbys®0Tgdws©
960083690 ™35605, v Godgbo Loddwsgcmg 046905 LsFoMmm bbgosbbgs {gsmrmmsb
3969006090290 LoMdML SLsMObYdS® (3b®.4).
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3b6.4. 35300 gdol EBHZ0MMNZOL LssbsM0dM 3m33mbybEgdo

39300 900L oBZ0MMZOL Loobps®0dm 30m33mbgbgEgdo 39300 g30b 3030l bssbIMOdM GmMHIMWgdo

Q=Ux A x (t1 — t2) x 24(bo) + 1000 (3063960FH>305 353036 33¢%)-30)

U- 0dm50053930L 3009530309630 (35¢0/8% 39eg060)

Q- 399535000 M¥MO ©IBHZOONZS, A-Lsbr@30lL 5 05¢).39090.99053.BIOMMDdO(3?)

330bo/ee) 103065y Hs = 35960l §83.00sbB0 (°C)

£2()933905Gw)OS = oty 309M0ob ($933.(°C)

Q - 3515900 3HMMIE00b 253HOWIBOL EGZOOMZS, Q=mx Cp x (3569 $993. — dogd $933.) / 3600 (36390H5305 3X-
330L» 6 33¢/bo-80)
m - 5o 3MmEvJEHob dsbs ®Ydo, 3
Cp -360:m©93EHob LoMdMEHIZ9EMDS. (3X/33-°C)
Q - 3™Ebso 3GMmEMIEHOL MO0 gbgMaos, 33GLo Q= 3m3b.30:MmE.35Ls (32) X 3Eb.30M©MIEHOL LOMOdMEHJZOEMDS
(boo s dmbEbyo, HMIYOLG 299BBosm Fowso (3%/33)/ 3600
LOMBMFBHYZIOMDS)
Q - LofymdTo IMdMBoggms 3gHOdMWIMO LOMOdM, 33BN Q = L5fy.00098539 5©59056. x O™ x LoMdm / 1000
Q - 65009MYBOL POBZ0MM3Y, 33V Q= 65009MHgd0L B3MEY6Mds X O™ x 35G0 / 1000

Q - 395¢ 0 s@™MMOL EIGZOMZ, 33GLM

(396¢0s@HM®0 3959mygma3l Lomdmb 39dsmdol 3BmEgldo) Q= 3500@aOMMIR0 X pERadob @B x gago /1000

Q - 58506 JgOOL FOOMBOM J5dM{j39010 LOMdML
©5HZ0M™ZY, 33U
(50506 gdgo LdFOMHMIBL FOXOMBSL, Bo MM
359009403 LoMdM)

Q = 2505 0MdY0 9ergdgbEHoL LoddsgMy X FoEIMMBOL O™ X
©©Y30 oML 3030l MHomEIbmds X 98JBHOMDS

) Q= 35960 (3300l XJOMOMd X FMEIEMds X 9bgMHR0s X (oMY
Q - 06830 GH5300L OGHI0MOM3Is, 33O 5003, — ops 5993. ) / 3600

330930l md0gJGOL LogMmM Bommo -100d? FMmoEs3L J9940w3gdoL BMbsls-800>
@S 303 @bl (LoFymd0)-2002. Lofymdol Bmdgdos: Loa™dg-53, Loysbg-49 s
Lodog-30. 2569 SGIMBRIOMo 359MH0L 39d39MsGMEs 30°C, bmwrm Fogs 35960l
A9939605¢MMs -1°C. a0bEH0L 3$9d396Msd¢Mss 10°C. 39wgdo, LobuEmsgzo S 053530
0BMEoMHYd0s, U - I 360336000mdss 0.28 3530/0% 3903060 (5bG. 5).

10 333-0960 LsBs303MM denmzol  Jgbodsdolo sbosero 3mA3MGLEMEOOL M35l
50Bg35  gobbm®mEogm@s  LOAAEB3MOL s  FoMPo  JBggdolL  3mgR0E096EOL
(98399dB096MmdoL)  dobggom  LsdMgfzgerm  LEHBEIOEGHIO0L ©s  MLOFOHDHMYdOL
A9d6030L  Fqlgdol  Fom3z5eobobgdom.  obbowmwos  Lbgoobgzs  BHodol
33360gbmEMOL 993 (989dBH09BMBY), BsLYdO O BMBJ30MO TobsLOsMYdEgdo 1,1-sb
400 33®-0009 ©0535DMbOLMZ0L. MbsTgEOM™M3g 9b9MRMgINRJG MO dMs3900L 893 0,90
- 0,96 560 9ddo 96MHygmdl, dogMsd domo Jglsdsdolo Loddgrsgmg Jowowros.

B396L 33093530 93396 JOM0s F9EIMYI0M B LodAEszMOL 7,5 33¢)
36535, MHMIGbog 2996605 90%-0560 393. LBodo®rmz9eml 30MMdGdTo TgbodEgdgos
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2956bmM 309 gdom (3b.13).
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09-3 mby 30300b0Mgd.
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930 3sbmbolidy. F7 0.13 0.12 0.44 0.202
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Resume

The first chapter discusses energy efficiency indicators as an important tool for
policy development and monitoring progress. The implementation of energy-efficient
measures in the sectors of buildings, industry and transport has been investigated and the
energy efficiency index of the country at the national level has been estimated by
different combinations of their characteristic elements with an interdisciplinary approach:
an artificial intelligence-Mathlab simulation application using a graphical neuro-fuzzy
designer. The three most important indicators have been selected and the impact of these
indicators on the final indicator shows that the country's national energy efficiency was
rated at 17.3 points out of 100, which is far behind the similar values of developed
countries. This circumstance is explained by the fact that Georgia has already introduced
laws on buildings and energy efficiency, but their enforcement mechanisms still need to
be refined.

The second chapter presents the implementation of energy efficient measures on the
example of a retail trade facility in Georgia. A new design algorithm for measures to
improve energy efficiency has been created, which is implemented in a computer
program. The creation of the methodology is considered as a guide so that the industrial
and public service facilities, in accordance with the energy efficiency law, use it as a guide
and submit the energy audit reports prepared with this methodology to the controlling
bodies. Probability analysis is used to select factors or variables affecting electricity
consumption. Correlation-regression analysis was conducted in order to determine the
relevance of the variables, which means determining the correlation between heating and
cooling degree days and the consumed electricity. The paper defines the base level needed
to create the regression formula and sets the goal of energy efficiency of the research
object -19.7%. Important energy consumers have been studied and the target of energy
saving, i.e. energy saving potential - the compressor motor - has been identified. In order
to reach the target rate (annual consumption of 23319 kWh instead of 29040 kWh), the
modeling of replacing the compressor motor has been done, and the heating and lighting
system modernization is planned at the next stage. The selection of the compressor was
carried out according to the power and coefficient of action (efficiency) taking into
account the industrial standards and the rules of safety techniques. After the introduction
of energy-efficient measures, electricity consumption is reduced by 11%. With the
rehabilitation of the heating and cooling systems, the facility will approach the target
figure of =20% reduction in the future period. When planning an energy project, there is
an extension of the project time, which leads to financial costs, so a PERT analysis of the
project (Project Evaluation Review Technique) was carried out. The Gantt chart of the
computer program ProjectLibre showed in detail the period of the project and revealed
the probability of the completion of the project within the set period and the probability
of hitting the financial limit. According to the new design algorithm, the six-year cost-
effectiveness report of the project revealed the profitability of the project according to the
net discounted value (+137 GEL) and the internal rate of investment redemption (5%).
The non-energy benefit (NEB) report of the project shows that the greenhouse gas
emission will be reduced by 316 kg CO2eq. per year. If we take into account that there are
87 super and hypermarkets in the territory of Tbilisi, and as a result of such energy-
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efficient measure, approximately the same amount of electricity will be saved in each of
them, by simple calculation it is possible to save: 265 MWh, 87 thousand GEL and 28
tCO2eq. Greenhouse gas emissions per year.

The third chapter presents a multi-factor evaluation of the implementation of
energy efficient measures in industrial enterprises. Quantitative links between
motivations, difficulties and benefits are analyzed in order to study the willingness to
implement measures to improve energy efficiency in the industry and the hitherto
unknown attitudes. The practical recommendations issued on the basis of the dominant
factors identified as a result of the exploratory research will contribute to the wider spread
of measures to improve energy efficiency. The research was based on the experience of
the project implemented in Georgia - the improvement of energy efficiency in the
industrial sector. An appropriate questionnaire was processed and sent to the experts
participating in the project. Based on the exploratory research of the received answers, it
was revealed that the legitimacy factor dominates among the motivation factors. Difficulty
factor among them, the need for continuous measuring instruments is dominant, which is
a certain challenge in existing industrial enterprises. Optimizing the production process is
at the forefront of the benefits, as the implementation of the energy management system
standard encourages organizations to create the processes and systems necessary to
increase their energy productivity.
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