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MexayHapoaHasa KoOHdepeHUuUs

JHeproadpdeKkTuBHasa CTPYKTypa 34aHNUN N COOPYKEHUN
MockBa, 17-18 Hos16pa 2009

A dheKkTMBHOE UCNOoNb30BaHUe
NnepBUYHbLIX 3HEepPropecypcoB U
3HeproaddheKTUBHOCTb 34aHUN

Ponbd Ynbcer

PakyrnbTeT MHXEHEPHbIX HAayK N TEXHOMOMN
HopBeXcKun yHNBEPCUTET HAYyKN U TEXHOMNOMUM
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[laHHaAa npe3eHTauusa NnpeacTaBUT NCTOPUYECKUN
0030p M HEKOTOPbIE MHEHUSA NO OTAENbHbIM
Bonpocam, npexae Bcero otHocAwmuxca K EC:

OupeKkTnBa no aHeproamPeKTUBHbLIM
spnaHusim (EPBD),

KOTopas AOJIKHA ObITb peann3oBaHa
BceMu cTtpaHamu EC
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Npepcepartensb

Komuccumn OOH
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TennocHaoxeHus .
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The main goals
of
Directive on the energy performance of buildings

Reduced primary energy use
Reduced CO,-emission

4

EC-Directive on the Energy Performance of Buildings (EPBD)
2002

European Climate Change Programme
2000

4

Kyoto Protocol
to the
United Nations Framework Convention on Climate Change
1997

EC-Directive to Ilimit carbon dioxide emissions by
improving energy efficiency (SAVE)
1993
Rio Earth Summit
United Nations Framework Convention on Climate Change
1992

Our Common Future
World Commission on Environment and Development
1987
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TMnote3bl 0 TenmnocHabXeHUu 3aaHUU B
oyaywem:

B nemokpaTtuyeckom odbuwecrtee B Oyaywem cnepyrowime
cdakTopbl OyAyT onpenenAaTb CIPOC Ha 3Hepruro Ans
30aHUN N TO, KaKne 3HeprocucTteMbl U NCTOYHUKMU
3Heprun 6yayT ncnosib3oBaTbCH :

« O6si3aTenbHble HOPMbI, YCTAHOBMEHHbIe MeXAYHapOAHbIM
npaBoM M HauMOHasfIbHbIMWU HOPMaTUBHO-NPaBOBbLIMU
aKTamu

* CxeMbl oOLWeCTBEHHOU noaAepXKu (Ans npoaBUXeHUNA
pa3BUTUA C YY4ETOM CoLMaribHO-3KOHOMUYECKUX
coobpaxeHunn)

« CoobpaxeHna yactHoro bmsHeca no noBoAy Toro, 4YTo
3HaYUT ONaronpuUATHLIN AJ19 NONb30BaTe A, YaCTHbIE
U3aepxXKm n 6e3onacHoCTb \ rTMOKOCTb B 3HEpProcHadxeHuwm

@ NTNU Centre of Energy and Indoor Environment @ SINTEF




CornacHo gpupektuBbl EC 00
3HeproadpeKTUBHLIX 3aaHNAX

(Sd=]0)
oTHbIHe 3gaaHuAa B cTpaHax EC JOJ1IXKHbI

MMeTb cepTUuduKaTbl
3HepronoTpedeHus,

KOTOopble byayT coaepxatb nH(popmauuo o6

HeproadPeKTMBHOCTN

B COOTBeTCTBUU co cTtaHaapTtamu EC

EN 15217:2007 n EN 15603:2007,
KOTopble ObINu BBeAeHbl EBpokoMUuccuen

NTNU Centre of Energy and Indoor Environment @ SINTEF




NIna nocTnXxXeHusa uenm HeooxoanMbli
MHOUKATOPDbI,

KOTOpPbIe NOACKaXYT
Ha NpaBUJIbLHOM N Bbl NyTH!

@ NTNU Centre of Energy and Indoor Environment @ SINTEF




2008 /10 /RU

CornacHo ctaHpgapTtoB EC
EN 15603:2007 v EN 15217:2007

PekomMeHAayeTCA ncnonb30BaThb crieaywoLwime
MHOMKaATOPbI ANA BbIpaXXeHus
3HeproadpeKTMBHOCTU U, COOTBETCTBEHHO,
KayecTBa 3HepreTu4eCKuUx cuctem Ans 3a4aHun
B XXI Beke:

®
McnonhioRaHWe NnepBUYHLIX

3HepropecypcosB

* ypoBeHb amuccum CO,

* lHoukKaTopbl, YyCTaHOBJIE€HHbIe
HaulMOHarIbHON 3HepPreTU4YeCKou NOJSINTUKON

NTNU Centre of Energy and Indoor Environment @ SINTEF
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Heob6xoanmo npaBuribHO YCTAaHOBUTb PaMKMU

ana cucrem!

CtaHpapTbl, yCTaHOBNEeHHble EBpokoMuccuem, -
pauuoHanbHbIEe PaMKU OJ1I1 CUCTEM

anAa NCYUCJIieHunA
[lepBUYHOro NnoTpeodrieHna aHeprum
n aMmmccum CO2 :

BCA 3HepreTu4yeckas cetb !
—KnoTeKkmtnpoToKo yecTaHaBnBaeT —

paunoHanbHble reorpadpmnyeckme pamMmku
ANA 3HeprocucTem -

BeCb Mup !

NTNU Centre of Energy and Indoor Environment @ SINTEF
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OT pupekTnBbl EPBD/2002: “3HeproacddektuBHocTb
30aHUN AOJIKHA ObITb BbIpaXeHa B ABHOU hopmMe U

MOXeT BKnio4aTb nokasartenb amuccum CO,”.

“ObHoBneHHbIn”’BapuaHT EPBD, npuHATbIN KOMUCCHEN

2008-11-13 TpeodyeT, 4tobbl 3HEProapdheKTUBHOCTL 3aaHWU
bbina oTpaxeHa B CepTndukate aHeProadPEKTUBHOCTH:

“OHeproadpPeKTUBHOCTb 34aHNUN AOJTKHA ObITb ABHO
BbIpa)eHa U AO0JIKHA coAepXaTb YNCITOBOU
nHaukatop amuccum CO2 n ncnonb3oBaHus

NnepBUYHbIX 3HEepPropecypcos.
MeTopgonorua pac4yeTta aHeproadeKTMBHOCTHU
30aHUN OOJMKHA NPUHMMATb BO BHMMaHMe
eBponenckKkue ctaHpgapTbl.”

NTNU Centre of Energy and Indoor Environment @ SINTEF
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KoHuenuns nepBMUYHbIX 3HEPropecypcoB Ans

OLLeHKU COBOKYMNMHOW 3HpPeroapPeKTMBHOCTH

Primary Energy Factors (PEF; / PRFg)
and CO, coefficients

HopmaTtuebl EN 15603:2007 Primary energy factors CO; production
Ressource Total [ka/MWh]

Fuel oil 1.35 1.35 330
Gas
Anthracite 1.19 1.19 394
Lignite 1.40 1.40 433
Coke 1.53 1.53 467
Wood shavings 0.06 1.06 4

Log 0.09 1.09
Beech log 0.07 1.07
Fir log : 1.10
Electricity from hydraulic power plant 1.50
2.80

0.50
Electricity from nuclear power plant 2.80
Electricity from coal power plant @

Electricity Mix UCPTE 3.14 @

Source: Oekoinventare fur Energiesysteme - ETH Zarich (1996)
These factors include the energy to build the transformation and transportation systems for the transformation
of the primary energy to delivered energy.

@ NTNU Centre of Energy and Indoor Environment () SINTEF
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PaspaboTtka metoaunkm pacyetoB PEF?

N3 npoekTta N3 npoekTta TC 228
CEN CEN/TC 228 fekabpe 2004:
110 VtoHs 2004 Koacdbduument
KoadbchumeHT NCrnonbL30BaHUS
ucnonb30BaHUA nepBUYHbIX
nepBUYHbIX dHepropecypcos
aHepropecypcos 3119KTpVI‘leC'VI'BO:V
3neKkTpuUyYecTBO: (cpeaHeeBpPONencKnin)
(cpeaHeeBponenckuii) PEF, = 2.80
PEF. = 2.50 PEF, = 2.60
(3HaYeHVe No yMOM4YaHmio) (MHdPOPM.BEnMYMHA)
n: = 0.40 Ny~ 0.36

(prEN 1520) prEN 15603
Hekabpb 2005:
KoadhchuumeHT

NMCnoJyib3oBaHuA
nepBUYHbIX
3HepropecypcoB
AneKTpU4ecTBO:
(Mix UCPTE)

PEF, = 3.06
PEF, = 2.80

(MHpopm. BENMUMHA)
N~ 0.33

EN 15603:2007 Koachchbuumentbl (PEF)
ArIeKTPnU4ecTBO (Mix UCPTE):

PEF. = 3.31 (n, ~ 0.30) , PEF = 3.14

aﬂeKTpM‘-IECTBO, reHepupyemoe yrosibHbIMM 3JNIEKTPOCTAHUNAMMWU.

PEF; = PEF,; =4.05 (n; ~ 0.25)

(nokasaTenbHble BENIMYUHDI)
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CtaHpapTunsnpoBaHHble Benn4inHbl PEF pewaTt npobnembl
OT UCTOYHUKOB IHEpPrMmn 40 BHELUHEU MHPPACTPYKTYpPbI

30aHUU KOHEeYHOro nortpeodurens

The Primary Energy concept according to EPBD and mandated EN-standards

Delivered Energy (DE) dh +el (PEF might be PEF or PEF; depending on purpose)

Net energy demand

n »

Electricity use <,———

Room heating
Air heating
Hot tap water

Distribution and
Transmission (el)

:

Delivered energy (el) CHP.plant

Delivered energy (dh)

Storage

Primary energy use =DE(dh)* PEF(dh)=f (x,y,z)) + DE(el)* PEF(el)=f (x,y,z) =(Weighted delivered energy indicator (kWh/m?)) « A,

(Ac = conditioned floor Area)

Primary energy calculated by PEF(x,y,z)

Energy carrier (z)

Energy carrier (y) Waste coll.

Heat boilers Energy carrier (x) Extraction

Logging

Processing

g

|

|
ﬂ |

|

. - - - Ll

® Heating = Distribution and Generation

End use - . -
. systems: Transmission(dh) = Transformation

Demand!

H
|
[ . =
a Transportation -
|
|

Storage

= 2008/ 07/RU

Calculating end use and losses by EN standards worked out according to mandate from the EU Commission

@ NTNU Centre of Energy and Indoor Environment
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«JocTaBneHHas aHepPrus»
MOXEeT paccuyuTbiBaTbCA HaA OCHOBE

”COBOKYMHOro nmpe6neyﬁm aHeprun”
unu
N3MepeHHoro "obvemMa AocTaBJfIeHHOU 3Heprun”

"Ucnonb3oBaHue NepBUYHLIX 3HepropecypcoR”

MOXeT pPpaCcCyiNTbIBATbLCA Ha OCHOBE «,D,OCTaBJ'IeHHOﬁ

AHeprnn» ® koadpdpnumeHT NnoTpedbneHnsa nepBUYHOMN
3Heprum wunu

N3MepeHHbIM "00BbLEeMOM AOCTaBJIEHHOWN 3Heprun’ ®
KOS PULUMEHT NOTPEBNEHNS NEPBUYHON SHEPTUN

NTNU Centre of Energy and Indoor Environment @ SINTEF
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NMpumepbl pacyeToB 3(hPEKTUBHOCTU CUCTEM ANSA CUCTEM
TensiIocCHabdXeHns 34aHUN cornacHo CTaHAapToB
EN 15316-x-x:2007

Mpumep 1:

2-pipe hydronic heating system with dimensioning A6=80-60° (n,, ) and
radiators on external wall (n,,) and a controller valve - P-controller - 1K (n,)-
Distribution pipes only in heated rooms and heat supply (20 kW) from DH.

AhheKTUBHOCTb CUCTEMBI:

Controller efficiency for radiators in the room: n_, = 0.95.

Efficiency due to temperature level: n_ .= 0.91 Efficiency due to radiators on
normal external wall: n.,=0.95 Netr = (Ntr1 T Netr2)/2 = (0.91+0.95)/2 = 0.93.

Total efficiency in the room: n_, =0.95°0.93 = 0.88

Efficiency for the dwelling substation (S) in an unheated room calculated from
the heat loss according to EN15316-4-5, AnnexB ~0.97 (S in heated room: n_=1.0)
Total efficiency for the heating system in the building: 0.88:0.97 = 0.85 (0.88)

Mpumep 2:
Electrical direct heating in the external wall region with P-controller - 1K.

I dekTuBHOoCTL cuctemnl: Total n,,=0.91

NTNU Centre of Energy and Indoor Environment @ SINTEF




Kak TunnyHaa TennoBas Harpy3ka
n
CMNpOC Ha TenJsIOBYK 3HEPruko
CKa3bIBalOTCA Ha
KOHKYPEHTOCNOCOOHOCTI
LeHTpann3oBaHHOIO
TennocHabxeHusa ?

@ NTNU Centre of Energy and Indoor Environment @ SINTEF
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OupektuBa 2009/28/EC
O coaencTBUM ucnonb3oBaHua BUD

Cmambsa 13
AaMUHUCTpaATUBHbIE Npoueaypbl, HOPMaTUBHO-NPaBOBbIe aKTbl U KOAbI

3.
FocypapcTBa-vyeriHbl AOMXKHbI PEKOMEeHA0BaTb BCEM CyObeKTam,
B YaCTHOCTU MECTHbIM U
pervoHanbHbIM aAMUHUCTPATUBHbLIM OpraHam obecne4nTb
yCTaHOBKY 00OpyAoOBaHUA U CUCTEM ANA ncnonb3oBaHua BUID
B LieNsiX NoNy4YeHUsIX 3JieKTpuyecTBa, TennocHabxeHus
U oxnaxgeHusl, B TOM YuUcrie AN LeHTpann3oBaHHOro
TennocHabXXeHUA N oxnaxaeHus
npv NyIaHUPOBaAHUN, NPOEKTUPOBAHUN, CTPOUTENLCTBE WU

MOAepPHU3aLUU MPOMbILLUIIEHHOIO U XXUJTOro CEeKTOPOB.
4.

FocypapcTBa-4neHbl AOMKHbI BHEAPATL B HOPMATUBLI U KOAbI ANSA 34aHUN
COOTBETCTBYHLME Mepbl C Lenbi yBesIMYeHUs 40NN BCexX BUAOB dHEpPrum ns
BUD B cTpouTenbHOM CeKTope.

YcTtaHaBnuBas Takue Mepbl UNN pernoHanbHble CXeMbl NoAAEPXKKM,
rocyaapcrBa-yfieHbl MOryT NPUHUMATb BO BHUMAaHME HalMOHalbHble Mepbl,
CBsi3aHHble CO 3Ha4YUTEeSIbHbIM NOBbIWEeHUeM 3HeproathhekTMBHOCTU U
KOreHepaumeu M NnaCCMBHbLIMU 30aHUAMU UITU 34aHUSAAMU C HU3KUM (F.yreBbIM)

ﬂl\'l'l’\ﬂﬁ FMAUIAAAA ALIANTIALA

@ NTNU Centre of Energy and Indoor Environment @ SINTEF




HeKkoTopble npumepbl pac4yeToB
Ha OCHOBEe cTaHpapTa

EN 15316-4-5:2007

@ NTNU Centre of Energy and Indoor Environment @ SINTEF
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DH-system with CHP and additional heat generating system
(Somewhat like example A.3 in Annex A of EN 15316-4-5:2007)

DH system border

Cogeneration
appliance

Heat
generator

2008/.02/RU
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2009 /08 / RU

NMpumep A.36 lNMpunoxenue A-EN15316- 4-5:2007:

BanaHc nepBUYHbLIX 3HepropecypcoB CUCTEMbI (npumep A3):

fP,DH ) Zj Qdel,j T fP,el ) Eel,chp :fP,chp ) EF,chp T fP,T,gen ) EF,T,gen

Solving this equation for fP,DH and replacing all terms by the design
data and the product efficiency characteristics, respectively, yields:

@ NTNU Centre of Energy and Indoor Environment @ SINTEF
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PaKTn4yecKkme cucteMHble gaHHble U3 npumepa A.3:

A.3 Typical situation of a small heat and power cogeneration system

A small heat and power cogeneration system is planned to supply a new settlement of 100 one-family houses.
The design heat load of the settlement is 500 kW and the base load is 50 kW. A gas engine shall be used for
heat and power cogeneration. Its heat power is 50 kW, the electrical power is 40 kW and the fuel consumption
s 115 kW. The cogeneration module can operate 6 000 hours per year determined from the frequency of the
heat loads. The remaining heat is produced by gas fired heating boilers. The total heat energy requirement
equals 1 400 hours full load operation per year. All efficiency values are based on net calorific values.

Efficiency of the cogeneration module: Nenp = (40 + 50) /115 =0,78
Efficiency of the heating vessels: M7gen = 0,87 .

Efficiency of the heating network: N = 0,80

Power to heat ratio of the cogeneration module: ag=40/50=0,80

Cogeneration heat to total heat ratio: 3=(50-6000)/(500 1400)=0,43

Delivered heat to each house/apartment): Q, ;= 7000 kWh/houselyear
Produced heat for each house: Q,,, ; = 7000/0,90 = 7777 kWh/housel/year
Heat loss from the district heating network: = 777 kWh/houselyear

@ NTNU Centre of Energy and Indoor Environment () SINTEF




2009 /08 /RU

Applying “power bonus method” according to EN 15316-4-5
with primary energy supply by natural gas only: EZcE Rl

Equivalent primary energy factor (PEF; = PEFy) for the district heating system
when produced electricity is replacing electricity from coal condensing plant:

_(1+0.80)-043 .. 1-043 _ .. 0.80-0.43

364 94 4.05 ~ 0.95
POH = T090.0.78 == 090.087 == A S AN

Primary energy saving by CHP and DH:

(compared to local, individual gas heating)

[(1.36 - 0.95)/(1.36)] - 100 ~ 30 Yo

Total CO, saving:

(compared to a coal condensing el plant and local, individual gas heating)

~46 %

Quite favourable!

NTNU Centre of Energy and Indoor Environment @ SINTEF
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N, VWO ZXRUIOO “YUVUYWLHRIL
dTLWIUWLXZW XU ICO,@missioa@gn PEF_ = 4.05 (ypoBeHb amuccut ot
/TOSIbHbIX CTaHUMA) ANA 3aMelleHHoro o6bema aneKkTrpuyecTsa, ecnu
1peANOSI0XUTb, YTO pearnbHble NOTepyu Tenna u3 LleHTpanu3oBaHHbIX CUCTEM
"ennocHabXxeHnsa octanucb HEU3MEHHbLIMU?

1.36+ﬂ-1,36—w-4.05=1.36

77hn 0.78 77hn 0.87 77hn

0.92 - n,,=0.92+0.60 -0.95  1),,=0.57/0.92~0.76

~ (1+0.80)-0.43

fP,DH

I-iaumeHbmuﬁ oobLem Q,c j (kWh/houselyear) - Npu nony4yeHuu Tenna 3a
cYyeT Mcnonb30BaHUA rasa:

Ucnonb3ys BennuuHy PEF ana Mix UCPTE: Qg
~ 3540

NTNU Centre of Energy and Indoor Environment @ SINTEF
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Energy use for hot tap water for apartments
according to EN 15316-3-1

N
o
o
(=)

©

()

>
<
L
=
=

A family of 3 persons with bath and shower

A family with shower

A single person

Apartment floor area (m?)

NTNU Centre of Energy and Indoor Environment @ SINTEF
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NpumeHeHne “meTona aHeproboHyca ”’ B cOOTBeTCTBUU CO cTaHgapTtom EN
15316- 4- 5 ona nepBUYHOUN IHEpPruu npm ncnonb3osaHuu rasa (CHP) n

6nomacchbl Ansa reHepauuu Tenna . _
for pio= 0-10

Tenno, npoussoaumoe CHP: Qg ;.. = 2730 kWh/houselyear (39%)
Tenno oT ucnonb3oBaHus buomaccbl: Qg ;o = 4370 kWh/houselyear (61%)

KoadchmumeHT ncnonb3oBaHuA nepBUYHbIX 3HepropecypcoB (PEFg) ansa
LLeHTpann3oBaHHOMN CUCTEMbI TenJfIOCHabXeHUs, Korga npomMsBoamMmoe

(1+0.80)-043 _ .

-1.36-0.39+—'-0.10-0.61—M- :

T Y 1364 — 0.39
PRDH 0.90-0.78 0.90-0.87 0.90.0.85 ===

O6Lwunn o6 Lem cHMxeHusa BoidbocoB CO, :

(no cpaBHEeHUIO C YrofbHbLIMU CTaHUUAMMU U MECTHbIMM (ra3oBbIMMU)
cuctemamu TennocHabxenusn) ~ 77 %

KoaddpuumeHT ncnonb3oBaHma nepBuYHbIX 3HepropecypcoB (PEFR)

ANst CUCTEM LUEeHTparibHOro TenynocHabdXeHus, Korga npousBoaMMoe

3NIeKTpUYeCcTBO 3amellaeT ypoBeHb amuccuu cornacHo Mix UCPTE:
~(1+0.80)-0.43 136 1-0.43 1-0.43 0.80-0.43

oy = 36+ 1.36-0.39+— "2 _.0.10-0.61- 2.3 31~ 0.67
' 0.90-0.78 0.90.0.87 0.90.0.85 == 090 === ==

@ NTNU Centre of Energy and Indoor Environment @ SINTEF
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BbiBOAbI:

(1) Acnonb3oBaHue nepBUYHOU 3Heprum n amuccum CO, B KayecTBe
OCHOBHbIX MHAUKATOPOB 3HeproadpcgpeKkTMBHOCTN 34aHNN OyaeT
«CTaHOApPTOM» ANA BCEro Mmpa — NOCKOSbKY 3TO pa3yMHO

(2) Buotonnueo bypeT «nobeanTenemMm» B TennocHabXeHuu 34aHNU B

oyaywem

(3) LleHTpanu3oBaHHble CUCTEMbI TENNOCHAOXEeHNA — rnaBHbIM
obpa3oM B coYeTaHUU C KoreHepauMoOHHbLIMN CUCTEMaMU — OyayT
co3faHbl Tam, rae CTOMMOCTb UX NpuemMrsrieMa ¢ coumaribHo-
3KOHOMMUYECKOU TOYKU 3pEeHUs

(4) Habnogaembiv poCT LEeH Ha NepBUYHbIE UCTOYHUKU MOBLICUT
KOHKYPEHTOCNOCOOHOCTb KOreHepauMoHHbIX CUCTEM B COYeTaHUu
C LeHTparimsoBaHHbIMM CUCTEMaMU TENJIOCHa0bXeHus

(5) TeHaeHuum (N.2 n 3) AONXKHbI NOAAEPKUBATLCA NPaBOBLIMMU
pamMKaMu n cxemamm odoLecTBEHHON NoaaepPXKn Ha OCHoBe
Kputepua kadectsa pyHKUMoHnpoBaHua (1) 2009/11/RU

NTNU Centre of Energy and Indoor Environment @ SINTEF
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HeKkoTopble yTBepXaeHUs:

(1) KoreHepaunOHHbIe CUCTEMbI B CUCTEMAX LieHTPaNbHOro
TensiIocHabXXeHus — peweHne npoodriem B pearibHOM Mupe!

(2) Ecnu Bbl enCTBUTENbHO XOTUTE 3HaTb, YTO MPOUCXOAUT, Koraa
Bbl 3aMeHsieTe NoTpebrieHne AfeKTpnYecTBa ANEKTPUYECTBOM,
NPouU3BOAUMbIM HOBbIMU KOreHepauMOHHbIMU YCTaHOBKaMMU,
npeaenbHO AONYCTUMbBIMU COODOpaXeHNAMMN!

(3)Ecnu BbI He XernaeTe 3HaTb UJTU HE MOXXeTe NOHATb, YTO
npoucxoauT, KOraa Bbl 3aMeHAeTe pearnbHOe NoTpedbneHne
3NIeKTPOIHEPIrnun 3NIeKTPN4EeCTBOM NPON3BOANMbBIM HOBLIMU
KOoreHepauuOHHbIMU yCTaHOBKaM1, yuuTbiBauTe NMpuv aHanuse

CTPYKTYpPY reHepupyemMou arieKTpoaHepruum! 2009/11/RU

NTNU Centre of Energy and Indoor Environment @ SINTEF
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HeKOTOpre yTBepPXOACHUA.

(4) Bo Bcem mupe MHOro nonbITOK YATH OT
0EeNCTBUTENbLHOCTU NPU peLleHNN BaXHbIX BOMPOCOB B
ccepe aHepreTuku!

(5) PeanbHan aHepreTuyeckasg\knumaTtm4yeckasi cutyauus B
MuUpe B HacTosiLee BpeMs TONTbKO cenvyac HauMHaeT
nocTeneHHO oCo3HaBaTbCA NonuTukamum!

KnroyeBou Bonpoc:
Kak o6cToAT Aena ¢ nonMTU4ecKoun
BOJIEU\BO3MOXHOCTAMU AN NPUHATUA NPaBUSIbHbIX U
CBOEBPEMEHHbIX peLueHnn?

2009/11/RU

@ NTNU Centre of Energy and Indoor Environment @ SINTEF
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Cnacun6o 3a BHUMaHue!

@ NTNU Centre of Energy and Indoor Environment @ SINTEF
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Mepbl NOBeAeHNA HEKOTOPbIX HOPBEXCKUX OIOPOKpS
npu paccMOTPEHUU 3HepreTu4ecKnx BonpocoB?

D ORC

@ NTNU Centre of Energy and Indoor Environment @ SINTEF




