OrnasneHue

BBEZIEHHE ...t s s s sssssssssssssssstssassssanss 5
2N 6040 = U (o) o VRN 13
| 10 g0 16 L1 ot 5 (0 ) o PP 14

['naBa 1. MHpOBOﬁ OIIBIT 3aKOHOAATEJIbHbIX HHULIMATHUB

10 SHEPTOCOEPEIKEHUIO B CTPOUTEIIBCTBE covurseeerssseersssssssssssssssssssssssssssssssssssassses 19
[y1aBa 2. KIMMAaTHUYECKUE YCITOBU .eureereenseessesssseenns 46
2.1. OTONUTETBHBIN HEPHO worersreessreeessesssseessssessssessssesssssessssssesssssessessssesssssessssesess 46
2.2. UHCOMAAIMOHHBIA HOTEHIM AN POCCHH ..t ssssssssssssssaens 49
2.3. KnmuMat ¥ HacesleHUE POCCUH .ieecvssisnns 55
2.4. TeMnepaTypa U rpaZyCco-CyTKU OTOMUTE/NbHOI'O MEPUOLA..euwruserssnces 57
2.5.T'pagyco-cyTKY epro/ia OXJIaKIeHUs 3aHUS 62
2.6. 3a4eM 3KOHOMUTD IHEPTHIO? ..ouveureeerneersrennnes 68
['/1aBa 3. COTHEUHAS TEOMETPH A ccurersersesssessesssessesssesssessesssessssssssssessesssssssessesssesssesssaees 80
3.1. CYTOUHBIN KOHYC COTHEUHBIX JITUEH cvvurrrrressresserssrsssesssssssessssssssessssssssessanees 80
3.2. [lapamMeTpbl CyTOYHOI'0 KOHYCA COTHEYHBIX JIYUEH ..vvrvvummrrssssssssssssnens 82
3.3. COTHEUHASA KAPTA . ueueerseesersssesssssssessssssssssssssssssssssssssssssees 84
['naBa 4. OTONUTENBHBIA MEPHUOL,. coovvereeresersssessssssnsanns 87
4.1. T1acCUBHBIN COTHEYHBINA HATPEB...coureererseeessesssneenns 87
4.2. YcTpoicTBa NacCCMBHOIO COJIHEYHOT0 HAarpeBa 89
4.3. TIpsAIMO# COTHEUHBINA HATPEB woevvvrvrreessresseessrsssenns 90
4.4. COJTHEYUHOE MPOCTPAHCTBO .crvurmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsssss 99



4.5. KOCBEHHBIN COTHEUHBIN HATPEB ..courreruseessseessssesssesessssssssssssssesssssssssssasssseess 105

4.6. [Ipumep 3HeproadpdeKTUBHOrO KOTTEAXKA U TEIJIOBOU 6asaHC... 107

['naBa 5. 34aHKs € aKTUBHBIM 3HeprocoepexxeHueM 111
5.1. OcHOBHBIE 3/IEMEHTBI CUCTEM «AKTUBHOTO»
IHEPTOCOEPEIKEHUS verrreersreessseessseesssessssessssesssssssssssesssesesns 111
5.2. UaHoBaunoHHas pazpaboTka HUUCD......eeerrersesesssseessis 119
5.3.IIpensioxkeHus MO UCMOJIb30BAHUIO0 UHHOBAIIMOHHOTO
peiieHUsI HUUCO .....eeeeeeeeeeeenneesseeeesesenns 125
I'naBa 6. [laccuBHOE oxJiaxKieHH e 34aHUSA. COMHIIE3ALIUTA wuveerrerserserssesseens 139
6.1. lIpuMepsl 3dpPeKTUBHOM COJHLE3ALIUTEI 140
6.2. 3aAIUTA OT COTTHITA vvuererersrsssssessesissessestesssssssssssssssssssssssssssssssssssssssssssssssssasses 143

6.3. CosiHeYHbIE KapThl U TEHEBbIE MAaCcKH B MpoeKkTupoBanuu C3Y... 150

6.4. BepTUKAIbHOE MOJTOXKEHUE JIAMEJTIEH. ..ceeusreesseessesssssesssssssssesssssssssssssanas 156
6.5. [opu30HTaNbHOE MOJIOXKEHHU € JITaMeJsIer 158
6.6. 0611€€ TTOTOMKEHUE JIAMEIICH coveverecerreaernerensas 161
['naBa 7. CBeTONpo3pauHble KOHCTPYKL MU U dacaibl 166
7.1. CBeTONPO3PAYHDBIE KOHCTPYKLHI . ccvrurersssemrmssessasessssseesssssssssssssssesssssssssseseens 166
A - o7 .1 2 PP 201
SAKITHOUEHUE ..ovvseessenssessssessssssssessssssssessssssssssssasssss s s sssass s sssss s ssssss s sssssssssssssssssssssssssses 222
137 (307 (0] y 01 1i1) 7 - (S0EE OO 224

CBEIEHUS 00 ABTOPAX rvvrerrverrusssssssesssssssssssssssssssssssssssssssans 231




BBepeHue

JHeprosadpPpeKTUBHBIN JOM — 3TO 3/]JaHHE, B KOTOPOM HU3KOE
norpebJyieHHe 3HEPrUU COYETAETCS C XOPOUIMM MHUKPOKJIUMATOM.
JKOHOMHUS IHEPTUHU B ITUX JjoMax MoxeT Jocturatb 90 %. ['ogoBas
NOTPeOHOCTD B OTONJIEHUH 3Hepro3pPeKTUBHOrO JoMa MOXKET He
npeBbliaTh 15 KBT-4 Ha kBa/ipaTHbINM MeTp. [IpuyeM 6GoJibliie nM0JI0-
BUHBI 9KOHOMHHU 3HEPTUH MOKET Ha cebsl B3sTh HU3KO3HEpreTuye-
CKas apxXUTEKTypa U COBPeMeHHble TEXHOJIOTUYEeCKHE pellleHHUs.

CorsniacHO J@aHHBIM MHPOPMALMOHHON CUCTEMBI 110 CTPOUTEJIb-
CTBY, 0611lasl MJI0Ia/b 3KCIJIyaTUPYeMbIX KUJbIX 34aHUHN B Poccuun
COCTaBJIsIET OKOJI0O 5 MiapA M2 Ha HX OTolJeHHe pacxofyeTcs
400 MJIH TOHH YCJIOBHOTO TOIJIMBA B IoJi, WU 60Jiee TPETH 3HEPTro-
pecypcoB cTpaHbl. 0cO6eHHO OCTPO 3Ta NpobJyieMa BCTaeT B KOMMY-
HaJIbHOM X035 CTBe, KOTOpoe notpebJsiseT A0 20 % 3/ieKTpuiecKoi
U 45 % TensoBOM 3HEpPruy, NpPoU3BOAMMON B cTpaHe. Ha eguHuiy
KUJIOW IJIoIaAu B Poccuu pacxonyetca B 2-3 pasa 60Jibllie 3Hep-
ruy, yeM B EBpone. Ho He/1b351 3TO OTHOCHTB TOJIBKO Ha CYET Cypo-
BbIX [OTOJAHBIX YCJOBHM, NpPOCTO 6Jarofapsi KpailHe HHU3KOU
CTOMMOCTH 3HEPIUU y HaC He NMPHU/IaBaJoCh CKOJIBKO-HUOYAb cepb-
€3HOro 3HaueHUs BOIpocaM aHeprocbepexxeHus [1].

EBponeiickue cTpaHbl ctpeMaTcs kK 2060 rogy HanaiuTh CTPOU-
TEJIbCTBO 3HePTro3¢$pPEeKTHBHBIX J,OMOB, 06eCeYMB MU IPaXKJaH Ha
80 % [1]. Poccus ke TOJIBKO CTapTOBaJsia B 3TOM BOIPOCe M ceilyac
KpaliHe Ba)KeH I10JI0KUTeJIbHbIN ONBIT MCI0Jb30BaHUA 3HEProad-
$EeKTHBHBIX TEXHOJIOTUH B HAIIUX YCIOBHUSX.

11 palloHOB € 60/IBLIIMM KOJIMYE€CTBOM COJIHEYHBIX JIHEH B rofy
3HepreTudeckasi 3pGeKTUBHOCTD 3/laHUNA MOXKET ObITh CY1leCTBEHHO
yJydlleHa 3a cCieT IpUMMeHeHHUs CTpaTeruu NacCUBHOTO COJIHEYHOI0
Harpesa 3jaHUN. JTa cTpaTerus HauboJiee NIpUMeHHUMa JJ1s1 MaJlo-
3TaXKHBIX HOBBIX U PEKOHCTPYHUPYEMBIX 3[JlaHUH U MOXeET ObITh pea-
JIN30BaHa NPOEKTHUPOBLIMKAMH C LieJIbl0 COKpalleHHs NOoTpebIeHus
He BO300HOBJISIEMbIX UCTOYHUKOB 9HEPTUH Ha OTOIJIEHUE.
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KitroueBble MOMEHTBI CTPATETMH «TACCHBHOTO COJTHEYHOTO JIOMay:

1. [laccuBHBIE COJIHEYHbIE TEXHOJOTUH MOBBILIAIOT 3HEPTro3d-
¢dexkTHBHOCTL 37aHusA. COKpalleHHe pPacX0/0B HAa OTOIJIEHHE [0
40 % u no 30 % Ha oxJsaxKJeHUe 3/1aHus. B MacmTabax cTpaHbl —
3TO KO0JI0CCa/IbHAsi 9KOHOMMUS IHEPTOPECypPCOB

2. HagexHoCTb: mpo4YHasi KOHCTPYKIHs, TelJjee 3UMOM, Mpo-
XJIaJiHee JIETOM (J1axKe B cIydae c60si SHEPTONUTAHUSA).

3. Hcnonb3yloTcsl YUCThle, BO30OHOBJISIEMble HUCTOUHUKU 3HEP-
UM 11 60pbObI € pacTyllei 03a604eHHOCTHIO M0 OBOJY IJ106a/b-
HOT'0 NOTEMNJeHHUs.

B EBporie cyuecTByeT ciaeayouias KaaccuprKanus 3[aHUH B 3a-
BUCHMOCTHU OT YPOBHS UX 3HepreTudeckou apdekTuBHoCcTH [2; 3]:

Crapoe 3aaHMe — 3/aHUe, [IOCTPOEHHOE 0 MHUPOBOrO TOI-
JIMBHO-3HEpreTUYeCcKOoro Kpusuca cepeguHbl 1970-x rogoB. OHO
TpebyeT a5 cBoero otomaenus 200-300 kBt-u/M?2 B rof TenyioBon
3HEpPruu.

HoBoe 35aHue — 3/1aHuE, KOTOPOE CTPOUJIOCH [TOC/Ie KPU3HCa 0
2000 roza. TpebyeT s oTomieHus He 6osiee 150 kBt-4/M2 B rop,

JloMm HU3KoOro norpe6aeHus 3Heprum (low energy house) —
¢ 2002 ropa B EBporne He pa3penieHO CTpOUTENBCTBO JOMOB C Tel-
Jonorpe6bseHneM 6osee 60-70 kBt-y/mM? B rog. YacTe cTpaH pac-
CMaTpUBaeT 3Ty BeJUUYUHY KaK yZeJbHbI T0J0BOU pacxoj,
TEeNJIOBOM 3HEPTUU Ha OTOIJIeHUe (B MHOTOKBAapPTUPHBIX JloMaX, Ie
TEIJIONIOTEePH 3/IaHUs], HA KOTOpPble MOAOHUPAIOTCA OTOMUTEJNbHbBIE
npyu6OpHkI, BKAKYAIT Pacxo/| TelJla HA HarpeB BEHTH/ISIIMOHHOIO
BO3/lyxXa — Ha OTOIlJIEHWE U BEHTUJIALUIO), a 4aCThb — KaK CyMMap-
HbIX y/ieJIbHbIN IO 0BOM pacxo/ TEIJIOBOW SHEPTUU Ha OTOIJIEHUE,
BEHTUWJISILIMIO U ropsiuee BOJOCHAOKEHUE.

«IlaccuBHbBIiI» AoM (passive house) — yznenbHOe rosoBoe 1o-
TpebJieHUe Ha OTOIJIeHHe JIOJIPKHO ObITh He 6oJiee 15 KBT-4/M2 B rof,
u 15 kBT-4/M?2 B ro/; Ha oxJIaXKJeHHe, IPU 3TOM y/esbHas TelJoBast
Harpyska Ha OTOIIEHHe He JoJikHa npebimatbh 10 Br/m2 Kpome
TOr0, er0 HapY>KHble OTPAXKAEHUSA JOKHBI OBITh HACTOJIBKO repMe-
THYHBI, YTO NPU UCIBITAaHUU 110 MeToJly «blower door», To ecTb npu
YCTAHOBKE Ha MeCTe BXOJHOW JBepU YCTPOWCTBA C BEHTUJIATOPOM,
co3garouiMM Hamop B noMeujeHusix 50 [a (H/mM?) (mpu 3akpbIThIX
MPUTOYHBIX U BBITSKHBIX OTBEPCTHUSX), BO3JYX000MEH J0/KEH CO-
CTaBJIATH He 6osiee 0,6 06MeHa B Yac UCIBIThIBAEMOT0 06'beMA.



Ha puc. 1-2 npuBefeHbl npuUMepbl HEKOTOPBIX «IACCUBHBIX»
37JaHUM.

Puc. 1. TlaccuBHbl# AoM nof [apuxkem.
Hcmounuk: https:/ /skalice.ru/raznoe/proekt-energoeffektivnogo-
doma.html

3a nocieHUe JeCATUIETHS OCHOBHBIM JOCTHXKEHHEM pa3paboT-
YUKOB «MACCUBHBIX» 3/IaHUN (IOMUMO BKJIIOYEHUS B TEXHOJIOTHIO UX
CTPOUTEJILCTBA COBPEMEHHBIX TEXHOJIOTHUM) CTaJl IEPEXO] OT MPOEeK-
TUPOBAHMUS OTAEJIbHBIX OJHOCEMEHHBIX 3/JTaHUH K BO3BEJIEHUIO U pe-
KOHCTPYKUMM (YTO HeoOblYallHO akTyaJbHO [JJsi BocTouHoit
FepMaHUM) MHOT03TaXKHBIX MHOTOKBAPTUPHBIX J[OMOB, MOCTPOEH-
HbIX B epuon 1950-1980-x rofoB (puc. 2). ITOT ONBbIT HEOOBIYARHO
aKTyaJsieH U Juis Poccuiickoi @enepaum.

Ha puc. 3 nokasanbl Tpe6oBaHUsS K 3HEPro3a¢pPeKTUBHBIM 3/1a-
HUSM I10 JAaHHBIM [4].

Ha puc. 3 ykasaHbl KanuTaJIM3UpPOBAHHbIE 3aTpPaThl B GoJrap-
ckux JeBax (ofuH GoJirapcKkuii jieB — 47 py6Jiell) Ha CTPOUTENb-
CTBO U 3KCIJIyaTaluio 3Hepro3pPeKTUBHBIX 37jaHui. B 'epMaHum
CTOMMOCTB 3aTpaT OyAeT CyLIeCTBEHHO BhIILE.

[laccuBHBIE COTHEYHBIE JIOMa CO3/JJAI0TCS B pe3yJbTaTe KOM-
IJIEKCHOT'O MPOEKTHUPOBAaHUS, KOTOPOE UCI0JIb3yeT MECTHBIE UCTOY-
HUKU 3HEPTUM W MaTepuasbl, U KJIUMATHU3ALUI0 BHYTPEHHErO
NPOCTPAHCTBA B OOJIbIIEN Mepe apXUTEKTYPHBIMH, YEM HUHXKEHEP-
HBIMH CpeJICTBAMM.



Puc. 2. PeKOHCTPYKLUSA 3[JaHUsI TOCTPOMKHU 50-X ro/10B MO/ CTaHAAPT
[IaCCUBHOTIO /I0Ma U pe3yJIbTaThl ero TeNJIOBU3MOHHOTO 06C/e/J0BaHUA.
HcmouHuk: https://passivehouse.com/01_passivehouseinstitute/
02_expertise/04_qualityassurance/02_thermographicimaging/02_thermo
graphicimaging.html
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Puc. 3. Tpe6oBaHUs K 93Hepro3PpeKTUBHBIM 3/JaHUSIM.
HcmouHuk: https://www.facebook.com/eneffect/



CyiuiecTByeT 00llee 3MIUPUYECKOe MPABUJIO, COTJIACHO KOTO-
pOMY rpaMOTHO CIPOEKTUPOBAHHBIN TACCUBHBIN COJIHEUHBIN JOM B
CpaBHEHUHU C TPAJUIMOHHO CIPOEKTUPOBAHHBIM JIOMOM TOH e
IJIOIAAM MIOMOXET CHU3UTh 3aTpaThl HA OTOIJIEHHE HA 75 % mpu
yA0pOKaHUH CTPOUTEJbCTBA Bcero Jyiviib Ha 5-10 %. Bo mMHorux
parionax CIIA maccuBHbIE COJIHEUHbIE OMA He TPEOYIOT HUKAKOU
JIOTIOJIHUTEJIbHOW 3HEPTUM HA OTOIJIEHUE WK oxyaxJeHue. C yde-
TOM TEKYIIHMX U OyAYLMX IVIAHUPYEeMbIX 3aTPaT Ha OTOIJIEHHE [J10-
MOJIHUTEJIbHAS! CTOUMOCTb CTPOUTEIBCTBA NACCUBHOTO COJTHEYHOT O
JloMa Bo3MellaeTcs o4eHb ObIcTpo. OpunnaabHbie 0630pbl YKa3bl-
BaoT Ha 100 000 naccUBHBIX COJIHEYHBIX 4OMOB, OCTPOEHHBIX B
CILIA (1984), Ho HeodHIIHANBHBIE UCTOYHHUKH TOBOPSAT 00 OJJHOM
MUJIJIMOHE 3/JaHUU, B KOTOPBIX UCIO0JIb30BaHbl T€ UJIU UHbBIE N0JIO-
>KeHHS NMaCCUBHOI'O COJIHEYHOrO JAu3aiiHa (Yalle BCero TeMJMIbI,
MPUCTPOEHHBIE C I0XKHOU CTOPOHBI AoMa) [5].

B cBsI3¥ C aKTUBHBIM Pa3BUTHEM B NOC/Ie[HEE IECATUIETHE HO-
BBIX CTPOUTEIbHBIX TEXHOJIOTUH (M CBSI3aHHBIX CO CTPOUTETHBCTBOM
HMHBIX WHHOBALMK) MOSIBUJIOCh MHOTO JAPYTHUX BO3MOXKXHOCTEW AJIs
CHIDKEHUS JHEePTeTUYeCKUX 3aTPaT Ha 3KCIIyaTalyio 3/JaHUM pas-
JIMYHOTO Ha3HavyeHUs1. CerofHss OHU, KOHEYHO, 3HAYUTEJNbHO OoJiee
Jloporue, HO 3HATh O HUX, MOXKaayH, Heo6xoaumo. Hke nepeunc-
JIeHbl HEKOTOpbI€E U3 HUX.

«AKTHUBHBIN» AOM (active house), nimn AoM ¢ JIIOCOBO# 3HEP-
rueil (energy plus house) — 37aHue, KOoTOpoe C MOMOLIbIO
YCTAHOBJIEHHOTO B HEM 00OpY/J0BaHHUS: COJIHEUHbIX 6aTapel, KoJ-
JIEKTOPOB, TEIJIOBBIX HACOCOB, PEKYNEPATOPOB, TPYHTOBBIX TEIJIO-
0O6MEHHUKOB U T. . BbIpabaThIBa/I0 Gbl 60JIbLIE IHEPTUH, YEM CaAMO
NOTpPeO6JIAIo, T. . C paCX0JJOM 3HEPTUU Ha 3KCIIyaTallMio 3JaHuUs
<0 kBT-4/M2 B rof,.

He Tak AaBHO [6] MOsIBUJIOCH HOBOE MIOHATHE — 3AaHUE C GJIU3-
KHM K HYJ/JIeBOMYy 3HepreTudyecKkuMm 6GasaHcom (nearly zero
energy building).

B 3aBUCUMOCTH OT IieJiel, CTOALIUX Nepes NPOeKTUPOBLIUKOM,
BBIJ|e/IIIOT HECKOJIBKO TUINOB 3/]JaHUH C HYJ1€BbIM 3HEPTeTHYECKUM
6asiaHcoM [2]. B yeThipex nepBbIX BapUaHTAaX 3/laHUE MOAKIYEHO



K BHEIIIHEN CETH, UCII0JIb3yEeTCs «3eJIeHasi» IHEPTUs OT Pa3IMYHbIX
BO300OHOBJISIEMbIX HICTOUHUKOB SHEPTHUH:

- «Hy/1eBoe» mo Mecrty pacnoJioxkeHus 3aaHue. Ha Teppuro-
puy, rjie HAXOAUTCS 3/laHUe, TIPOU3BOJUTCS KAK MUHUMYM CTOJIBKO
e «3eJIeHON» 3HEepPTHH, CKOJIbKO 3JjaHUe NOTPe6JisieT B TeYeHHe
roJia. B nepuo/ibl, Korjja co6CTBEHHON 3HEPTUU OT BO306GHOBJIIEMbBIX
HMCTOYHUKOB He XBaTaeT, 3/JaHHe NMOTPebJIseT IHEPTHUIO OT CETH, a
npy U36bITKE COGCTBEHHON 3HEPTHH IKCIOPTUPYET ee 0OpaTHO B
ceTb. JlaHHBIM TUI MOXHO CUMTATh 30JI0TBIM CTaHJAAPTOM 3/1aHUH C
HyJIEBbIM 3HEpreTHUYecKuM 6asiaHcoM. [Ipy ero mpoeKTHpPOBaHUU
NPUMEHSIOT UHHOBALlMOHHbIE TEXHOJIOTHH, BCe HEO6X0JUMbIe pac-
4YeThbl IPOU3BOJASAT HENOCPEACTBEHHO HA MECTe W 3aBUCUMOCTb OT
BHEIIHUX GaKTOPOB CBeJleHa K MUHUMYMY. Tako# THIl 3jlaHNs UHTe-
peceH 4151 BJaJieibLieB, KOTOPbIe YA eS0T 60JIb1I0e BHUMaHUE CTO-
HMOCTH 3HEPTOCHAGXKEHUS.

- «HyneBoe» nmo pecypcam 3aaHMe. VICTOYHUK 3Hepruu 34a-
HUSA NMPOU3BOAUT KaK MUHHUMYM CTOJIBKO € WCXOJHOW 3HEpruy,
CKOJIBKO 3J]JaHUe MOTpebJisieT B TedeHHe roja (paccydThiBaeTcs
JIs UICTOYHUKA). MicxonHas aHeprusi — 3TO NepBUYHAs 3HEPTHs,
3aTpayuBaeMas Ha IPOU3BO/ACTBO U JJOCTABKY 9HEPTUH /0 3[4aHUS.
[l pacyeTa NOJIHOM MCXOJHOW 3HEPTUHU 3/laHUS] UMIOPTHPOBaH-
Hasl ¥ 3KCIOPTHUPOBAHHAS SHEPTUSl YMHOXKAETCS HAa COOTBETCTBY-
oure Ko3poUIUeHTbI NpPeoO6pa3oBaHUsT y4YaCTOK-UCTOYHUK.
Tako# TUN 34aHUSA UHTepeceH JJis FOCyAapCTBEHHBIX CTPYKTYP,
KOTOpbIe CTaBAT 33/la4y CHWXKEHUS MOTPebIeHNs] NepBUYHON HUIH
HMCKOTIaeMOU 3HepTUH.

- «Hy/1eBoe» mo pacxosaM Ha 3HepromorpeGjaeHHe 3JaHHE.
JleHexxHble CpeJICTBa, KOTOPbIe 3HeProcObITOBAasA KOMIIAHUSA MJIATUT
BJIa/leJIbLy 3/1aHUs 32 AHEPTHUIO, IKCIIOPTUPYEMYIO 3JaHUEM B IHEp-
rOCUCTEMY, KAK MUHUMYM DaBHbI CYMMe, KOTODPYIO BJajiesiel] 3/a-
HUS IJIATUT 3HEpProcObITOBOM KOMIIAHMM 3a 3HepreTHYecKue
YCJIYTHU U 9HEPTHI0, UCNIO0JIb3YEMYIO B TeyeHHe roja. Takol TUM 3/1a-
HUSl UHTEepeceH JJisl BJaJiesIblieB, 3aMHTEPECOBAHHBIX B CHUXKEHUU
3HepromnoTpebaeHUs 3JaHusl C TOYKU 3peHus1 TpeboBaHUM 3Hepro-
CHa0KaIUUX OpraHU3aL M.

- «Hy/s1eBoe» mo BbIGpOCaM 3JaHue. 3/1aHue TPOU3BOJUT KaK
MHUHHUMYM CTOJIBKO 3HEPTHUU U3 BO30OHOBJISIEMBIX HCTOYHUKOB 0e3
aTMoCchepHbIX BbIGPOCOB, CKOJIBKO OHO UCNOJIb3YeT U3 HCTOYHUKOB
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¢ atMochepHbIMU BbI6pocaMu. Takol TN 3JjaHUS1 UHTepPeceH AJis
OpraHu3anuid, KOHTPOJHUPYIOIUX 3arpsi3HeHUe OKpy:Karllei
cpeAbl U 3aUHTEPECOBAHHbIX B CHH)KEHUU 00'beMa aTMOChEPHBIX
BBIOPOCOB.

- «Hys1ieBoe» aBTOHOMHOe 3JaHue. 37aHUe, IPOU3BO/JIILEE,
no KpalHe# Mepe, 75 % Heo6X0JUMOW eMy SHEPTUH U3 BO30OHOB-
JiieMbIX UICTOYHUKOB. TepMUH «HYyJIeBOE» aBTOHOMHOE 3/1aHUe HC-
noJib3yeTcsd JAJis TeX 3JaHUN, KOTOopble (QYHKLHOHHUPYIOT BHe
00611eli CeTU U He MOTYT ObITh OTHECEHbI K OJJHOMY U3 [lepevyHrcleH-
HbIX BbIlIEe BHU/IOB.

31aHue C HyJIeBbIM 9HepreTUYeCKUM 6ajlaHCOM MOXKeT OlHOBpe-
MeHHO OTHOCUTBCS K HECKOJIbKUM THUIaM. K npumepy, 3faHue «HY-
JleBOe» [0 MECTY pacIoJIOKeHHUsI IPaKTUYeCKU BCerja sIBJaseTcs U
«HYJIEBBIM» 110 BbIGpOCAM.

[IpuMepbl 3HeproadPeKTUBHBIX 3/JaHUH, TOCTPOEHHBIX B KOHIIE
XX — Havasie XXI Beka nprBeieHbl B OUeHb UHTEPECHON U UHPOD-
MaTUBHOU KHUre [7].

B nocnegHue rofibl CTPOATCA U BBICOTHbIE 3[JaHUSA C HYJIEBBIM
notpebyieHreM 3Hepruu (puc. 4) — oco6eHHO MHOTO uX B Kurtai-
ckoii HapoaHoii Pecniy6iinke.

Puc. 4. BeicoTHOe 3iaHHeE C HyJIeBbIM pacxooM 3Hepruu B KHP.
Hcmounuk: https://inhabitat.com/woods-bagot-zero-e-is-a-new-model-
for-sustainable-development/zero-e-pilot-project-1/
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[loueMy >xke 10 CHX MOp [Jsl SHEProcHA6GKeHUs 3[aHUHA He HC-
NOJIb3YIOTCS COJIHEYHAsl SHEPTUsl U Jpyrue BO30GHOBJSIEMBIE HC-
TOYHUKY 3Heprud (BU3J)? OcHOBHBbIe MPUYMHBI, HA HAII B3IJISAJ, B
c/lefylolleM:

1. 9xoHOMHYecKHe GpaKTOpPbl — B GOJIBIIMHCTBE CJy4yaeB HOBbIE
TEXHOJIOTUHU U PELIeHUs JOPOKe TeX, KOTOPbIE yKe MPUMEHSIOTCS U
NPUBBIYHBI IPOEKTUPOBLIMKAM, UHBECTOPAM U CTPOUTEJISIM.

2.0TCyTCTBUE TEXHUYECKHX 3HAHUH Y IPOEKTHUPOBIIUKOB, UHBE-
CTOpPOB U CTPOUTEJIEN, a TAKXKe HexeJlaHUe 06y4aThCsl HOBBIM TeX-
HOJIOTHSIM U CBSI3aHHBIM C HUMH BO3MOHOCTSIM.

3. HexxeslaHve M HeyMeHUe UCII0/Ib30BAaTh «HOBbIE» TEXHOJIOTHH.

4. ApxuTeKTypHble (3cTeTHyeckue) $aKTOpbl — 4YacCTO 3TO
npeJpaccyKu Heo6yueHHbIX 3aKa34YMKOB U MOJPSIUYHUKOB.

KitoueBy1o poJib B IPOEKTUPOBAaHUH 3Hepro3PpeKTUBHBIX 3/a-
HUH JIO/KHBI UTPATh apXUTEKTOPHI, BaJlelolie MeTOAUKON pac-
yeTa 3HeproadPeKTUBHOCTU. A TaKHUX, K COXKaJEHHUIO, B Hallel
CTpaHe NpakTU4YecKu HeT. OJHAKO Mbl yBEPEHDI, UTO B GJIMKalilee
JecsATuaeTHe 6yAyT BOCTpe6GOBaHbl 3[JaHUA N0 HU3KO3HEpreTHye-
CKOM apXUTEKType U UX, HAKOHell, Hay4aTcsl IPOeKTUPOBATh.

B npuHIMIE, UMEHHO 3TOMY U OCBSLIEHA 3TA KHUTA.



Annotation

The monograph is devoted to a very urgent problem — to in-
crease energy efficiency and energy saving in the construction, oper-
ation, reconstruction and overhaul of buildings and structures for
various purposes with the maximum use of solar radiation.

The monograph contains information on the global experience of
legislative initiatives on energy saving in construction, modern meth-
ods of using solar energy in the design of passive and active buildings,
climatic conditions in various regions of the Russian Federation,
which allow competently designing passive and active buildings for
various purposes, modern trends in the development of some im-
portant structural elements of buildings (windows and facades).

The monograph is intended for specialists in the field of design of
energy-efficient buildings — architects and designers. At the same
time, it will be interesting to a wide range of construction specialists.
The material presented in it can be used in designing buildings for
various purposes with increased energy efficiency and energy saving.



Introduction

An energy-efficient house is a building in which low energy
consumption is combined with a good microclimate. Energy sav-
ings in these homes can reach 90 %. The annual heating require-
ment of an energy efficient house may not exceed 15 kWh per
square meter. Moreover, low-energy architecture and modern
technological solutions can take over more than half of the energy
savings.

According to the construction information system, the total area
of residential buildings in operation in Russia is about five billion
square meters. Their heating consumes 400 million tons of conven-
tional fuel per year, or more than a third of the country's energy re-
sources. This problem is especially acute in the public sector, which
consumes up to 20 % of the electric and 45 % of the thermal energy
produced in the country. 2-3 times more energy is spent per unit of
living space in Russia than in Europe. But this cannot be attributed
only to severe weather conditions, simply due to the extremely low
cost of energy, we did not attach any serious importance to energy
conservation issues.

European countries are striving to establish the construction of
energy-efficient houses by 2060, providing them with 80 % of citi-
zens. Russia has just started in this matter and now the positive ex-
perience of using energy-efficient technologies in our conditions is
extremely important.

For areas with a large number of solar days per year, the energy
efficiency of buildings can be significantly improved by applying a
strategy of passive solar heating of buildings. This strategy is most
applicable to low-rise new and reconstructed buildings and can be
implemented by designers in order to reduce the consumption of
non-renewable energy sources for heating.
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Key points of the “passive solar house” strategy:

1. Passive solar technologies increase the energy efficiency of the
building. Reduce heating costs by up to 40 % and up to 30 % for
building cooling. Nationwide is a tremendous energy saving

2. Reliability: strong design, warmer in winter, cooler in summer
(even in the event of a power failure).

3. Clean, renewable energy sources are being used to combat
growing concerns about global warming.

In Europe, buildings are classified according to their energy effi-
ciency:

The old building is a building built before the world fuel and en-
ergy crisis of the mid-1970s. It requires 200-300 kWh/m?- year of
thermal energy for its heating.

The new building is a building that was built after the crisis until
2000. Requires for heating not more than 150 kWh/m?2- year.

Low energy house — since 2002, construction of houses with
heat consumption of more than 60-70 kWh/m?- year has not been
allowed in Europe. Some countries consider this value as the annual
specific heat consumption for heating (in apartment buildings where
the heat losses of buildings for which heating devices are selected in-
clude the heat consumption for heating the ventilation air — for heat-
ing and ventilation), and part — as the total annual specific heat
energy consumption for heating, ventilation and hot water supply.

Passive house — the specific annual heating consumption
should be no more than 15 kWh/m? per year and 15 kWh/m? per
year for cooling, while the specific heating load should not exceed
10 W/mz2. In addition, its exterior enclosures shall be so sealed that,
in a blower door test, that is, when a fan device with 50 Pa (N/m?)
head is installed in place of the front door (with the plenum and ex-
haust openings closed), the air exchange shall not exceed 0,6 ex-
change per hour of volume tested.

Over the past decades, the main achievement of the developers of
“passive” buildings (in addition to the inclusion of modern technolo-
gies in their construction technology) was the transition from the de-
sign of individual single-family buildings to the construction and
reconstruction (which is unusually relevant for East Germany) of
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multi-storey apartment buildings built in the 1950-1980-ss. This ex-
perience is extremely relevant for the Russian Federation.

Passive solar houses are created as a result of integrated design
that uses local energy sources and materials, and climatization of the
interior is more by architectural means than by engineering means.

There is a general empirical rule according to which a compe-
tently designed passive solar house, in comparison with a tradition-
ally designed house of the same area, will help reduce heating costs
per 75 % when the cost of construction is only 5-10 %. In many areas
of the United States, passive solar homes do not require any addi-
tional energy for heating or cooling. Taking into account current and
future planned heating costs, the additional cost of building a passive
solar house is reimbursed very quickly. Official reviews point to
100,000 passive solar houses built in the United States (1984), but
unofficial sources indicate one million buildings that use certain pro-
visions of passive solar design (most often greenhouses attached on
the south side of the house).

Due to the explosion-like development in the last decade of new
construction technologies (and related to the construction of other
innovations), many other opportunities have appeared to reduce en-
ergy costs for the operation of buildings for various purposes. Today,
of course, they are much more expensive, but it is perhaps necessary
to know about them. Some of them are listed below.

The “active” house, or the house with plus energy (energy plus
house) — the building, which by means of the equipment installed in
him: solar batteries, collectors, thermal pumps, recuperators, soil
heat exchangers, etc. would develop more energy, than itself con-
sumed, i. e. with power consumption on operation of the building
<0 kWh/sq. m - year.

Not so long ago, a new concept appeared — a building with a
near zero energy balance (near zero energy building).

Depending on the goals facing the designer, several types of
buildings with a zero energy balance are distinguished. In the first
four versions, the building is connected to an external network, using
“green” energy from various renewable energy sources:

- “Zero” at the location of the building. In the territory where
the building is located, at least as much green energy is produced as
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the building consumes during the year. At times when there is not
enough self-energy from renewable sources, the building consumes
energy from the grid, and with an excess of its own energy exports it
back to the grid. This type can be considered the gold standard of
buildings with a zero energy balance. In its design, innovative tech-
nologies are used, all necessary calculations are made directly on the
spot and dependence on external factors is minimized. This type of
building is interesting for owners who pay great attention to the cost
of energy supply.

- “Zero” by resource building. The energy source of the building
produces at least as much source energy as the building consumes
during the year (calculated for the source). Initial energy is the pri-
mary energy spent on the production and delivery of energy to the
building. To calculate the total original energy of a building, the im-
ported and exported energy is multiplied by the corresponding site-
source conversion factors. This type of building is interesting for
state structures that set the task of reducing the consumption of pri-
mary or fossil energy.

- “Zero” in terms of energy consumption of the building. The
money that the energy retail company pays the owner of the building
for energy exported by the building to the power grid is at least equal
to the amount that the owner of the building pays the energy retail
company for energy services and energy used during the year. This
type of building is interesting for owners interested in reducing the
energy consumption of the building in terms of the requirements of
power supply organizations.

- “Zero” by emissions building. The building produces at least
as much energy from renewable sources without atmospheric emis-
sions as it uses from sources with atmospheric emissions. This type
of building is interesting for organizations that control environmen-
tal pollution and are interested in reducing atmospheric emissions.

- “Zero” autonomous building. A building that produces at least
75 % of its energy from renewable sources. The term “zero” autono-
mous building is used for those buildings that operate outside the
common network and cannot be assigned to one of the above types.

A building with a zero energy balance can belong to several types
at the same time. For example, the “zero” building at the location is
almost always “zero” in emissions.
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In recent years, high-rise buildings with zero energy consump-
tion have been built — especially many in China.

Why is solar energy and other renewable energy sources (RES)
still not used to energy efficient buildings? The main reasons, in our
opinion, are as follows:

1. Economic factors — in most cases, new technologies and solu-
tions are more expensive than those that are already used and famil-
iar to designers, investors and builders.

2. Lack of technical knowledge of designers, investors and build-
ers, as well as reluctance to learn new technologies and related op-
portunities.

3. Reluctance and inability to use “new” technologies.

4. Architectural (aesthetic) factors are often prejudices of un-
trained customers and contractors.

Architects with energy efficiency calculation techniques should
play a key role in designing energy-efficient buildings. And unfortu-
nately, there are practically no such in our country. However, we are
confident that in the coming decade buildings on low-energy archi-
tecture will be in demand and, finally, they will learn to design.

In principle, this book is dedicated to this.

All illustrations are from open sources.
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