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HPEANCJ/IOBHUE

JlanHoe yueOHOe mocoOue pa3paboTaHO [Jisi CTYACHTOB MAarucTpaTypbl
NHcTtuTyTa »HEPreTMKM W aBTOMATH3allMM, OOYy4YaloIIMXCA [0 HAMpaBJICHUIO
IIOATOTOBKU «TeIIOdHEpreTKa M TEIUIOTEXHUKA», Ul U3YyYEHHs aKaJIeMHUYECKOro
acCIIeKTa aHIJIMICKOTO SI3bIKA.

OcHoBHOM 3amaueit kypca «MHOCTpaHHBIN sI3bIK. AHrIMHCKUI s3bIK. Heat
Power Engineering» siBiisiercst 00ydeHHe MPaKTHYECKOMY BJIaJICHUIO HAYYHOH PEUYBI0
B c(hepe mpodeccrnoHanbHOTO 00IIEHNS.

OcHOBOM MOCTpOEHUsI MpOorpaMMbl OOy4UEHHUs SIBISETCS HaMpaBiCHHUE, WU
acTekT, «S3bIK s cnernualbHbIX 1enei» (Language for Specific Purposes — LSP).
JIaHHBIN acHeKT MpenojaraeT pa3BUTUE HABBIKOB, HEOOXOIMMBIX JUIsI OCBOCHHS
COOTBETCTBYIOILIETO PEFUCTPA PEUH.

[{enpro JaHHOTO Kypca SIBJIETCS MOATOTOBKA BBICOKOKJIACCHOTO CIIEIIMAINCTA
MEXKIYHAPOJHOTO YPOBHS, OHOM U3 COCTABJISAIOMMX B Oyayiien npodeccuoHaibHOM
NEATETbHOCTH KOTOPOI'0 CTaHET S3bIKOBAsi TPaMOTHOCTh M KYJIbTypa pedd. 3aiayu,
CTOSIIIUE TIepe] CTYACHTOM: 3aKpEIJICHUE HaBBIKOB MPABUJIBLHOTO AHTIUHCKOIO
npousHomenus (Oxford English); 3HaHume ocoOeHHOCTEH MOCTPOCHUS HAYYHO-
TEXHUYECKUX TEKCTOB U3 OPUTHMHAIBHBIX HCTOYHUKOB U OBJIAJIEHUE TEXHUKOU PabOThI
C HUMHU; CAaMOCTOSITEIbHBIN OUCK U U3BJICUEHUE NH(OPMAIIUU HA NHOCTPAHHOM SI3bIKE
U ee JalibHellIee NpuMeHeHue B mpodeccnoHalibHO# chepe; yMeHue moaaepxaTh u
BecTHu Oecelly ¢ 3apyOeKHBIMU CIIEUAINCTAMU Ha TEMBI IIMPOKOTO CIIEKTPa C yU4ETOM
Pa3INYHBIX JEJIOBBIX KYJIBTYP.

B acnekre «SI3bIK WIS cnienualbHBIX LEJIEH» OCYIIECTBISIETCS: Pa3BUTHE
HABBIKOB YTEHHUS CIELUAIbHON JIUTEPATypbl C LENbI0 MOJIY4YeHHs HH(OpMaLNU;
3HaKOMCTBO C OCHOBaMH NIE€PEBOa JUTEPATYPHI MO crieluanbHOCTH. O0yueHue SI3bIKY
CHEUaIbHOCTH BEAETCS Ha MaTepualie MPOU3BEICHUN peur Ha NpodecCuOHaIbHbIE
TEMBI.

OcBoenue ydamumucs (OHETUKHA (UIsi MPABUIIBHOTO YTEHHUS YYalllMMHUCS
TEXHUYECKUX  TEPMUHOB U  aOOpeBuaTyp), TIpaMMaTHK{,  CHUHTaKCHCa,
CJIOBOOOpA30BaHMs, COUYETAEMOCTH CJIOB, a TAKXKE AKTHUBHOE YCBOEHHE HauOoiee
YIOTPEOUTENBHOW JEKCUKH U (DPA3E€OJIOTUU aHTIIMUCKOrO fA3bIKa MPOUCXOJUT HE B
BU/IE 3ayYMBAaHMSI CBOJIA ITPABUIL, a B IIPOIIECCE padOThI Ha/l CBSI3HBIMH, 3aKOHUEHHBIMH
B CMBICJIOBOM OTHOILIEHUU TEKCTAMH.

OOydenne mnpemycMarpuBaeT: a) (oOpMHUpOBaHHE (POHEMATHUECKOTO CIIyXa
MOCPEJICTBOM ayAupoBaHus; 0) GopMHUpOBaHHE MPAKTHUECKUX HABBIKOB M YMEHHM
YTeHHUs W NEPeBOJa; B) Pa3BUTHE YCTHOM peuH; I') OTpabOTKy I'paMMaTH4ECKOIro
Marepuaisa C  MOCIHEAYIOIIMM  HMCHOJb30BaHMEM B  Pa3rOBOPHOM  peud;
1) popMupoBaHNE HABBIKOB CAMOCTOSTEIIbHON paOOTHI.

B mporpammy caMocTOATENBHOW pPadOTBHl CTYAEHTOB BXOJSAT OCBOCHHE
TEOPETUYECKOTO W  MPAKTUYECKOTO MaTephala, pa3oOpaHHOTO BMECTE C
IpernojaBareyieM Ha 3aHSATHSX, MOJArOTOBKA K MPAKTUYECKUM 3aHATUSIM B (opme
CJIOBapHO# pabOTHI CO CTaThel, 3alTOMUHAHUE TPOW3HOIICHHS W HAMHCAHUS HOBBIX
CJIOB U BBIPAKEHUI, IOCTPOEHUE U Pa3yuHBaHUE JIUAJIOTOB MO y4eOHOM MporpaMmme,
dbopMHupoBaHUEe YMEHHI CBOOOJHO BBIpAXaTh MBICIM Ha HM3y4aeMOM S3bIKE,
COCTABJISITh 3CCE U JENIATh MPE3EHTALMIO 110 3aJaHHOU TEME.
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YUreHnue okoHUaHHS -S (-€5)

-S qUTaCTCA [Z] IIOCJIC I'IaCHBIX U 3BOHKHX COTJIACHBIX:
lives, mills, stands, forms, stays, tries, trees, goes, studies, cars;

[s] mocne riayxux cornacHbIX:
likes, parents, flats, stops, asks, maps;

[1Z] mocne mUmsImuX U CBUCTAIIMX 3BYKOB [S, Z, [, 1, 3, d3]:
sizes, boxes, watches, bridges, colleges, washes, wishes, gases,
a'ddresses, pages, uses, branches, classes.

HpuMettaHue: IIOMHUTEC, YTO OKOHYAaHHC -S OBIBacT Y CYIICCTBUTCIIbHBIX W I'JIaroJIOB.

He cnenyer nyrars:
— Y CYIIECTBUTENHHBIX OKOHYAHHE -S — IPU3HAK MHONCECMBEHHO20 YUCTA: PAPErs
(0ymaru, mokymenTs), books, students, forms (dbopwmer), lights (oramn);
— Y CYIIECTBUTENBHBIX OKOHYAHME -'S — MPU3HAK APUMANCAMENbHO20 TIaJexKa
(oTBeyaeT Ha Borpoc 4ei?). CpaBHUTE:

my friend MO JpyT

my friends MOM JIPY3bsI

my friend's work paboTa mMoero japyra
my friends' work paboTa Moux apy3ei

— y [JIarojioB OKOHYAHHUE -S — MPHU3HAK TPETHETO JIHIA eOUHCMBEHH020 YUCIIA BO
Bpemenu Present Simple: he (she) reads — on (ona) unraer, he (she) knows — on
(ona) 3naer, he (she) goes — ou (ona) uuert, he (she, it) lights — on (oHa, oHO)
ocBeraeT, It SNOWs — uaet cHer, he (she, it) influences — on (oHa, 0HO) BiHSIET.

3ananue 1. [Ipourure cienyromue ciioBa:
advises, matches, prizes, sheets, thinks, works, photos, stories, shows, throws, pulps,
cooks, rises, 'services, causes, forces, cities, maps, pages, judges, passes, sciences, tries,
answers, presses, places, praises, stops, asks, wishes, takes, papers, fibers, chemicals,
inches, roots, de'velops, 'surfaces, pro'duces, makes, wastes, ‘furnaces, 'purposes,
woods, 'processes, 'influences, bags, 'methods, 'differences, 'differs, 'offers, su'ggests,
pro'poses, studies, reaches, runs, scientists.



Yrenue okOHYaAHUSA -d

-ed uywuraercs [d] mociie 3BOHKMX COrIACHBIX U TJIACHBIX:
formed, dried, tried, closed, played, studied, changed, functioned,
contained, used, planned, employed;

[t] mocite TyXuX corylacHBIX:
worked, watched, stopped, helped, liked, stressed, forced,
walked, cooked, pulped;

[1d] mocne cormacubix tu d:
waited, invited, wanted, decided, visited, de'manded, com'pleted,
su'pported, acted, di'rected, consisted, ‘limited, tested, resulted.

3ananue 2. [Ipourure ciienyromue cjioBa:
washed, di'vided, de'veloped, burned, im'proved, ab'sorbed, pro'duced, helped, learned,
'regulated, mixed, 'generated, 'operated, pro'vided, liked, in‘tended, turned, ex'tracted,
com'bined, suited, bleached, 'separated, 'processed, trained, con'verted, solved, missed,
di'ssolved, re'mained, in'cluded, heated, produced, po'lluted, ‘influenced,
manu'factured, con'taminated, changed, looked, littered, a'ttracted, dropped, e'quipped,
printed, planted, warmed, lasted.



YACTB II. TPAMMATHKA

IlepeBoa ABY4YJIEHHBIX H MHOTOYWIEHHBIX ATPUOYTUBHBIX CJIOBOCOYETAHNM,
BBIPa’KEHHBIX CYIIECTBHTEIbHBIMY (<HEMOYKH» CYIIECTBUTEIbHBIX)

Uncmpyxkyuss 1. JIBydneHHbIE WM MHOTOYICHHBICE  aTpUOYTHBHBIC
CIIOBOCOYETAHMS, WU «IIETIOYKW» CYIIECTBUTEIBHBIX, — 3TO CJIOBOCOYETAHMUSI,
COCTOSIIIINE U3 CYIIECTBUTEIBHOIO U OIMPEIEICHHM, PACTIONOKEHHBIX CJIEBA OT HETO.

B kauecTBe j1€BOr0O omnpenesaeHust MOryT ObITh cyujecmseumenvusie (0T ABYX 10
natiu uiu 1ect). CymecTBUTENFHBIM MOTYT TPEANIeCTBOBATH: MpUJIaraTelibHOE,
MpUYacCTHE, MECTOMMEHHUE WJIM YUCIUTENIbHOE, a TaK)Ke COYETaHUs W3 ITUX CJIOB,
COeIMHEHHBIE Je(hUCOM.

Heo0Oxoaumo o0paTuTh BHUMAaHUE HA TO, YTO BHYTPU TaKOTO COYCTAHUS ClIOBA
He omoejleHbl Opy2 om Opyea HU APMUKIAMU, HU NPeOSlo2amu, HU 3aNSAmblLMU.

strong acid pump;

white water treatment equipment;

high consistency oxygen bleaching system.

Jlyis mepeBoia «IEMOYKU» CYIIECTBUTENBHBIX BaXXHO HAWTH B HEW OCHOBHOE
cioBo. [lomHHTE, YTO OCHOBHBLIM cl060M TIOOOW «IIETIOUYKU» CYIIECTBUTEIbHBIX
ABIISIETCSL NOCNIe0Hee CyWecmeumenbHoe, ¢ Komopoz2o u ciedyem HA4uHamob aHaau3
TaKOW «IIenmouku». Bce CylecTBUTENbHBIC U IPYTUE YaCTH PEYH, CTOSIIUE CJIeBa OT
OCHOBHOTO CJIOBA, SIBJISIFOTCSL onpedeneHusimu K HeMy (OTBEYarOT Ha BOIIPOC KKAKOU?»,
«kakue?»). CrpaBa OT OCHOBHOI'O CJOBa, YyKas3blBasi Ha TO, 4YTO <IEMNOYKa»
3aKOHYMJIACh, MOJXKET CTOATh HOBBIA  aAPTHKIb, MPEAIOT, MECTOMMEHHE,
npuarateIbHoe, MPUYACTHE WM TIAroj-cCKazyeMoe ¢ MPeIIIeCTBYIONUM HapeurneM
uim 06e3 Hero.

I. Ilepesoo osyunennvix cnoeocouemanuit (KUenouKu» coOCmosam u3 08yx
cyuiecmeumesibHbix)

Hnempyxkyus 2. llepeBoj JBYWICHHBIX CIIOBOCOUYETAHUW HAuYUHAEM C
nocieoHe20 CywecmsumenbHo20, a CyleCTBUTEIbHOE, CTOSILIEE CIIEBA, TEPEBOAUTCS
CYUIecmeumenbHbiM 6 pOOUmenbHoM naoedice.

Oopaszer: 1) pulp quality - KQ4eCTBO LIEJLI0JI03bI
2) water level - YPOBEHB BOJIbI
3) wood consumption - pacxo IPEeBECHHBI
4) cooking time - IPOJOJIKUTEIILHOCTD BAPKH

stock (BomokuucTast macca) preparation; stock temperature; stock production; sheet
properties; sheet formation (¢hbopmoBanue).



Hucmpyxkyus 3. B «1ienoyke», COCTOSIIENH U3 IBYX CYILIECTBUTENIBHbBIX, IEPBOE
NEPEBOUTCS NPUIALAMENbHBLM.

Oopaszer: 1) wood fiber - IPEBECHOE BOJOKHO
2) gas bleaching - razoBas otOeska
3) cooking acid - BapoYHas KHUCJI0Ta
4) paper stock - OyMakHas Macca

wood chips; acid digester; wood species (mopoma); sulphite digestion; oxygen
bleaching; stock pump; laboratory tests; spruce chips; bleaching plant (orzexn); hand
operation; pine chips; water vapor; cooking process; bag paper.

Hnempykyus 4. llepeBox «UEnodykW» CyIIECTBUTEIBHBIX HAYMHAEM C
MOCTICTHETO CYIIECTBUTENIBHOTO, a TIEPBOE TIEPEBOJIUM  CYUYECMBUMENbHbIM C
npeonocom (8, u3, Ha, O1s u op.).

Oopaszer: 1) hardwood pulp — nemron03a 13 TUCTBEHHOM IPEBECHHBI;
2) drying costs — 3aTpathl na CyIIKY (3aTpaThl, CBI3aHHBIC
C CYIIIKOM)
3) pollution control — 6oprba ¢ 3arps3HeHnEM

digester pressure; softwood pulp; acid (kucnas cpema) hydrolysis; linen (apHsIHOE
Tpsanbe) paper; board products; evaporator (ucmapurens) gases; hardwood sulphite

pulp.

1. Ilepesoo MHO20U1€HHbIX cl1060couemanuil («uenouxu»
CYULeCmEUmMeIbHbIX COCIOAM U3 mpex u 00jiee CyulecmeumenbHovlx u Opyzux
yacmeii peuu)

Hnempykyus 5. lpyu nepeBoie MHOTOUYJICHHBIX CJIOBOCOYETAHUN PEKOMEHIYEM:
1) mepeBecTH MOCIEIHEE CYNIECTBUTEIBHOE KIICTIOYKI;
2) pa30uTh OCTAJILHYIO YACTh CIIOBOCOUCTAHUS HA CMBICIOGbLE 2PYNNbL Y TIEPEBECTH
uX (BHYTPH CMBICIIOBOM IpYIIbl aHAIN3 IPOBOJUTCS CJIeBa HANPABO);
3) mepeBecTH BCe CI0BOCOUYETaHME (BCIO KIICTIOUKY»), CIACAYS CIpaBa HaJCBO.

Oopaszer: 1) stock mixing| system — cuctemMa /1l CMEIIMBAHUS MacChl,
2) wood fiber| products — n3emnus u3 IpeBECHOTO BOJIOKHA;
3) water quality| results — pe3yibpTaThl 0 Ka4ECTBY BOJIBL;
4) stock preparation| machine operation — pabota MaIuHbI 110
IPUTOTOBICHHIO MACCHI.
B 1aHHBIX CIIOBOCOYETAHMSIX — IO JBE CMBICIOBBIC rpyImbl. OCHOBHOE CIIOBO
BBIJICIIEHO KYPCHBOM.

[IepeBenure, cneays HUHCTPYKIIUU J.
a)
chip packing (ymotaenue) device;
strong acid pump;



stock preparation machine;

paper machine operation;

fiber suspension flow;

b)

paper formation (¢popmoBanue) time;
chlorine dioxide generation (o6pa3oBanue);
pulp preparation operation (mmporiecc);
steam flow rate;

headbox (mamopssrii smmk) control (perynmposanwme) system;
c)

chain (mers) length distribution (pacnpenenenue);
fiber length distribution;

chemicals recovery system;

heat transfer (mepenaua) coefficient;

water conservation costs (3arpatsl);

d)

fiber wall thickness;

cooking liquor circulation;

gas diffusion constant;

quality control method;

paperboard test (anamm3s) result;

e)

plant design changes;

cooking liquor pressure;

stock preparation equipment;

air pollution (3arpsi3aenue) problem;

air pollution abatement (ymensIienue);
water purity level (creneus).

Oopazer:  sodium base| sulfite pulping
Sulfite pulping — cynbdurHas Bapka,;
Sodium base — natpueBoe ocHoBaHME;
= cynb(UTHAs BapKka Ha HATPHEBOM OCHOBAHUHU.

[lepeBequte, ncnomb3yst oOpasert;
various cooking liquor composition;
high yield sulfite pulp;
constant vapor phase region;
ammonia base sulfite pulping;
caustic soda recovery (pereneparnus) system;
white water (o6opoTHast Boaa) treating equipment;
paper mill steam supply (o6ecnieuenue);
particle size distribution determination;
calcium base cooking liquor.
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Unempyrkyuss 6. Ecmm  «uenodyka»  CyIIECTBUTENBHBIX — HAYUHAEMCS  C
npuiazamesbHo2o, He00X0IMMO OOpaTUTh BHUMAHHE HAa TO, K KAKOM) ClO8Y OHO
OMHOCUMCAL.

Oopaszer: 1) high yield pulp — nenmon03a ¢ BHICOKUM BBIXOIOM;
2) new sheet structure — HOBast CTPYKTypa JIUCTA;
3) maximum cooking temperature — makcumalbHast
TeMIIepaTypa BapKH.

Unempykyuss 7. B cOCTaB  «IEMOYKW» CYLIECTBUTEIIBHBIX B KA4€CTBE
ONpENENICHUs] MOTYT  BXOJUTh  YHUCIWUTENbHbIC, MECTOMMEHHS, MPHUYACTHS,
CYILIECTBUTEIIbHBIC B IPUTSKATEIILHOM Majiexke U T. 4. OOpaTtute BHUMAHUE, K KAKOMY
c08y amu onpeodenenus omuocsames. IIoMHUTE, YTO ocHOBHOE €080 Cc1080COYEMAaHUs
— nocneoHee cyuwecmsaumebHoe.

Oopaszer: 1) this high pressure steam — 3ToT map BBICOKOT0 JIaBJICHHMS,
2) rate determining factor — ¢akrop, onpeaensonuii CKOPOCTb.

Hnempyxkyuss 8. VMHOrma OJHO W3 CIIOB  IENOYKH» CYHIECTBUTEIIBHBIX
HEO0OXOIUMO TIEPEBECTH NOACHAIOUWUMU CLOBAMU (2PYNNOLL CIOB).

Oopaszer: 1) paperboard machine — mammna 011 evipabomru kapmona,
2) chipping operation — npeanpusTue, ocyuecmsisiouee
3a20MOBKY Wenvl,
3) bark products — npoaykTel nepepabomku xopeoi.

CrpaaaTtebHbII 32J10T IJ1aroJioB
(The Passive Voice)

Hnempykyus 1. CTpaiaTelIbHBIN 3aJI0T TJIarojia yrnoTpeoseTcss B TOM ciydae,
€CJIM CaMO nooaedxcaujee He Oeticmayem, NEUCTBUE COBEPIIACTCS HAO HUM.

['maron-cka3zyeMoe B CTpaAaTeIbHOM 3aJ0r€ MOKHO HAWTH B MPEIIIOKEHHUH T10
BCIIOMOTATEJILHOMY TJiaroiry ''to be' B cooTBeTcTByIOIIEM BpeMEHHU, JIUIE U YHCIIE U
Past Participle (mpu4actuto npomeanero BpeMeH:H CMBICIOBOTO TJIaroJa).

Ilpumeuanue 1

Past Participle (Participle I1) o6pa3yercst myrem npubaBneHust OkOHUaHHS -€d K
MPaBUJILHBIM TJarojam. Eciii riaron HempaBWIbHBIN, yOTpeOseTcs ero 3-12 gpopma
(built, taken, written...). PekomeHayemM HOBTOPUTH 3 GOPMBI HEITPABUIIBHBIX IJ1aroJioB.

Ilpumeuanue 2

OOparute BHMMaHuMe Ha To, 4to Past Participle mpaBwibHBIX TJ1aroJyioB
coBmaaet 1o gopme co BpemeneM Past Simple (produced, achieved). Onpenenuts ux
MOkHO TOJbKO B KoOHTekcTe. (IlogpoOnee o Past Participle cm. B pasnerne,
HOCBSIIICHHOM MPUYACTHSIM).
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Tabmuma 1 — CrpamarensHbii (TaccuBHBIN) 3astor. OOpasyercs: riaaroin to be (B cooTBeTcTBytomem Bpemenn) + Participle I

[TpaBuna u cnocoObl nEpeBoIa

[Ipumep

[TepeBon

1. CTpagaTenbHbIil 30T MOKa3bIBAET, UTO
JEMCTBUE TJIAroJia-cka3yeMoro HarpaBJIeHO Ha
JIMLO WM HPEAMET, BBIPAKEHHBIN MOJIEHKAITUM.
B psne ciydaes nojuiexaniee nepeBogUuTCS
MPSMBIM WJI KOCBEHHBIM JOTIOJIHEHUEM U
CTaBUTCS, COOTBETCTBEHHO, B (JopMe
BUHUTEIJIBHOTO WX JIATEJIBLHOIO MaJexka.

He was given a task.

Emy nanu 3ananue.

We were informed that a new
idea had been advanced recently.

Hac undopmupoBanu, yto HOBas
uzes Obliia BBIIBUHYTA HEJTABHO.

2. Ecnu mocJie rirarona B acCcHBeE €CTh
JOTIOJTHEHUE ¢ pepioroM by nmm with, To oHo
YKa3bIBAET, KEM HJIM YeM ITPOU3BOTUTCS
neiicreue. [Ipeanorn nepeBoAsSTCS KIyTeM»,
«IIPH TIOMOIIN», KIIOCPEACTBOMY JTHOO
COOTBETCTBYIOT TBOPUTEILHOMY MaJCKy U HE
IICPEBOSATCS.

The calculation is done by
computer programs.

[Toncuers! nemarorcs
KOMIILIOTEPHBIMU MPOrPaMMaMHu
(mpu mMOMOIIM KOMITEIOTEPHBIX
IPOTpaMM).

The production line is supplied
with raw material.

[Ipon3sBoiCTBEHHAS IMHUS
cHa0>KaeTcs ChIpbeM.
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IIpooonocenue maoa.

[IpaBuna u cnocoObI mepeBoa [Tpumep ITepeBon
3. CoueTaHueM riaroyia «ObITb» C KpaTKUM The mill is built by the workers. dabpuka mocTpoeHa pabounMHu.
CTpaaTeIbHBIM MPUYACTHEM C Cy(hPuKcamu are built MOCTPOEHBI
-H- WK -T-. [ 1aro «OBITh» B HACTOSIIEM was built Obl1a MOCTpOCHA
BPEMEHU OIyCKaeTCsl. were built OBLITM TIOCTPOCHBI

has been built
have been built
shall/will be built

ObLJIa TOCTPOCHA
OBLITN TTOCTPOCHBI
OyJeT mocTpoeHa

will be built OyAyT IOCTPOCHBI
4. I'maroyiom Ha -¢sl B COOTBETCTBYIOIIEM The goods are being sold with OTH TOBaphl MPOAAKTCS C
BPEMEHHU, JINIIC U YUCIIE. profit. MPUOBLIBIO.
were being sold NMpoAaBaJIUCh

5. I'marosiiomM nefCTBUTEIHLHOIO 3aJI0Ta B 3-M
JIMIIE MHO>KECTBEHHOI'O UMCJIa, B
HEOIPEICIICHHO-JIMYHOM TPEIJIOKEHHH.

The company’s account is checked.

was checked
will be checked

OT4eT KOMIIaHUY MPOBEPSIOT.
IPOBEPHIIN
OyIyT IpOBEPATH
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Oxonuanue maon. 1

[IpaBuna u cnocoObl nepeBoa

[Tpumep

ITepeBon

6. I'marosnel ¢ OTHOCSIIMMCS K HUM MIPEAJIOrOM, KOTOPbIE
MEPEBOASATCS TAKXKE TIJIArOJIAMHU C IPEAJIOTOM:

to depend on — 3aBuceTh OT

to insist on — HacTauBaTh Ha

to look at — cmoTpeTh Ha

to rely on — onupatbcst Ha

to speak of (about) — roBoputs 0

to refer to — ccblnaThbes Ha, HA3BIBATh

to deal with — mmets nemo ¢ u ap.
MIEPEBOJISITCS TIIArojaMu B HEOTIPEIeTICHHO-TUYHON (popme,
IIPUYEM COOTBETCTBYIOIIUN PYCCKHAN MPEIIIOT CTABUTCSA IEPE
AHTJIMACKHAM TTOJIEKALHAM.

The new plant is much spoken

about.

This article was often referred to.

O HOBOM 3aB0OJI€ MHOTO
TOBOPAIT.

Ha 51y crarbsro yacTto
CCBUIAJIUCH.

7. I'narosbel 0€3 MpeasioroB, KOTOPbIE IEPEBOASTCS I1arojiaMu
C MPEIOTOM:

to affect — BnusTe Ha

to answer — orBe4aTh Ha

to influence — BiusTh Ha

to follow — ciienoBats 3a u fap.
MEPEBOIATCS TJIaroJlaMy B aKTHBHOM 3aJ10T¢ HITH
HEOIpeAeICHHO-TUYHOM GopMe, MPUIEeM COOTBETCTBYHOIINM

PYCCKHI MPEAJIOT CTaBUTCS MEPEl aHTTTUHCKUM IO JICKAIIIM.

The conditions of work are
greatly affected by the

government.

Ha ycnoBus paboTsl
CUJIBHO BJIUSIET
IPaBUTEIBCTBO.
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Hesanuynblie ¢popMmbl riiaroJia
Nuduantus (Infinitive)

NHpuHUTHB — OcHOBHAs (hopMa riiarojia, OT KOTOPOil 00pa3yroTCs BCE JIMYHBIE
dbopMbI riarosa BO BCeX TIpYIIax BPEeMEH B JCHCTBUTEILHOM M CTPaJaTeIbHOM
3ajmorax. MHQUHUTHB, WM HeompeneleHHas Qopma TIJaroja, coyeTaer B cebe
CBOICTBA IJ1aroJia ¥ CyIeCTBUTEIBHOTO.

[Ipu3nakom nHpUHUTHBA gBIseTcs yacTuia 't0". OHa MHOT 1A OIyCKaeTcs:

— IOCJIe MOJAIBHBIX W BCIIOMOTIaTeIbHBIX IJ1arojioB; must (can) produce; do not

produce; Did the mill produce? Will produce u T. .

— mocliie riarojioB ¢usudeckoro Bocmpustus: See, hear, feel, watch, notice B
00BEKTHBIX THPUHUTHUBHBIX 000POTAaX U HEKOTOPBIX APYTUX CIydasx.

Unempyrkyus 1

[ToBTOpHUTE hOpMBI HHPUHUTHBA:
Bpems Active Voice Passive Voice
Indefinite — BeipakaeT nelicTBue, to produce to be produced
OJHOBPEMEHHOE C JICICTBUEM,

BBIPAKCHHBIM TI'JIaIr0JIOM-CKa3yCMbIM

Perfect — BeipaxkaeT aeiicTBuE, to have | to have been
IpEe/IIeCTBOBABIICE ICHCTBUIO, produced produced
BBIPOKCHHOMY TJIar0JIOM-CKa3yeMbIM

Continuous — mTenbHBIN XapakTep neicteus | to be producing
Perfect Continuous — nelictBue Havaioch B |t0 have been
MIPOIIIOM M BCE €IIIe MPOJI0JDKASTCS producing
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DOyHKIUU MTHPUHUTUBA

Unempyrkyus 2
[Tomaute, yTO HMH)UHUTUB 6 poau nodaedxcawe20 BCETIA CTOUT nepeo
ckazyembim (B HaUaje MPEAJIOKEHNUS).
IlepeBonurces:
1) cywecmeumenvHvim,
2) neonpeoeneHHou popmoti enazona.
Oopaszem: To know English is necessary. — HeoOxoaumo 3rname aHrauicKuii. 3uanue
aHTIIUICKOTO HEOOXOAUMO.

HUncmpyrkyus 3
Hngunumus 6 ponu oocmosmenvcmea yeau OTBEYAET HA BOPOC «JIJIsI YETO?»,
«c Kakou 1enpto?». Ctout nubOO B Haudaje, mepe] MOMAJeKalluM, JTUOO B KOHIIE
npeioxKeHus. MokeT BBOAUTHCSA coro3amu SO as (t0) — ¢ mem, umobwi, in order (to) —
0J151 mo20 4mooul.
[TepeBogurcs:
1) neonpeoenennoii opmoil enazonra ¢ cow30M KYMOOLL, KOs MO20,
umoowI»,
2) cywecmsumenvbubim ¢ Npeoiocom KOusi».
Oopasem: To know English you should work hard. — Ymo6ws: 3name aHTTHICKWIA, BBI
JOJKHBI MHOTO paboTars.
Hnempykyus 4
NHpuHUTUB 6 poau obcmosimenvcmea ciedcmsuss OTBEYaeT Ha BOIPOC ISt
4ero?» M CTOUT mocie ciioB 100 — cammkoMm, enough, sufficiently — mocrarouno,
sufficient — nocraTounsnid, Very — odeHb. [lepesooumcsi neonpedeneHnol Gopmot
2nazona ¢ cowsom «(0ns moeo) umodwr». CkazyeMoe Mpu MEpeBOJe YacTO MMEET
OMMEHOK 803MONCHOCTIU.
Oo0pazer: 1) | am too tired to go to the exhibition — S cruwrom ycrain, uroOsl uaTH
Ha BBICTABKY (4TOOBI 5 Mo2 TTOUTH. . .)
2) He is clever enough to understand it. — Ou docmamouno ymeH, 4To0bI
(OH M02) TOHSATH ATO.

Ilpumeuanue

B anrimiickoM si3bIke CJIOBO "enough'" Bcernma CTOMT MOCHE MPUIaraTelIbHOTO,
HO TIepEBOJl CIeAyeT Hauunams umenHo ¢ "enough”, a MOTOM TMEPEBOIUTH
npuiaratensHoe: Strong enough — gocTatodyHo TNpOYHBIN; accurate enough —
JI0OCTaTOYHO TOYHBIN U T. II.
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Unempyxyus 5
OOpaTtuTe BHUMaHUE Ha uH@uHumus 8 poau onpeoenenus. On ececoa cmoum
nocie onpeoensiemMoco CyWecmseumenbHo20 M OTBEYAaeT Ha BOMPOC «KAKOU?».
NHGuHUTHUB B pOJIK OTIpeIeTICHHUS Yallle BCETO umeem (hopmy cmpadameibHo20 341024
U nepesooumcsi OnpeoeIumesbHblM HPUOAMOYHbIM NPedlodCeHueM, BBOJIUMBIM
COIO3HBIM CIIOBOM «xomopuwiti». (CKazyeMoe pPYCCKOTO MPEIIOXKEHHS BBIpaXKaeT
oondcencmeosanue, byoyujee 8pems Ui 03MOHNCHOCb.
Oopaszer: 1) The method to be used — memoo, xomopwuii Hyscno (moorcho,
0y0ym) ucnonb3o6ameo.
2) A beater roll breaks up the material to be pulped. — bapabau poiia
U3METbYAET CBhIPbE, KOMOpoe HYIHCHO TIPEBPATUTh B MaccCy
(komopoe 6yoem npespawero 6 maccy).

Unempyrkyus 6
Hngunumus — uacme crasyemoco. VHOUHUTHB MOXKET OBITh YaCThIO: a)
ITPOCTOI0 CKa3yeMoro, 6) COCTaBHOT'O MMEHHOI'O HJIN B) COCTAaBHOI'O MOJAJIBbHOI'O
CKazyemoro (=COCTaBHOFO TJ1aroJIbHOTO CKaB}/CMOFO) JIMIIb B TOM Cliydac, €ClIn eEMy
IPEAUIECTBYIOT IJ1aroJisl t0 be, to have, modarvubiil uru ecnomocamenvuwviil 21a201.
Oopaszerr: 1) The purpose of the system is to maximize production. — Ilens 3Toi
CUCTCMbI — MAKCUMAJIbHO ITOBBICUTH ITPOU3BOAUTCIIBHOCTD. HCJ'H:
CUCTEMBI cocmoum 6 mom, yTOOBI MAaKCHUMAJILHO. .. HGJIBIO
CHUCTEMBEI AeJisienmcid MaKCUMAJIbHOEC ITOBBIIIICHUC. . .
2) The system is (has) to maximize production = The system must
(should) maximize production. — Drta cucreMa J0JDKHA
MaKCHUMAaJIbHO ITIOBBICUTD IIPOU3BOJUTCIbHOCTD.
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Tabmuua 2 — [Ipuuactue

Bun npuuactus

OyHKIMS B IPEIOKEHUU U IEPEBO

4aCTb CKa3zyeMoro

OIIpCACIICHUC

00CTOATENHCTBO

being written

(st o6pa3oBanus rpymnimsl
Bpemen Continuous
MACCUBHOTO 3aJI0TA.
CamocTosTenbHO HE
MIEPEBOIUTCSA ).

IIpoaaBaeMble TOBapbl ObLIN
IIPOU3BE/ICHBI 3a TPAHULIEH.

(ITpuuyactue Ha -eMblid, -UMBIi).

1. Participle | He is selling his goods. The merchant selling his goods paysa | (When, while) selling his goods,
Active voice OH mpoaaeT CBOU TOBapBhI. profits tax. the merchant pays a profits tax.
selling Toprosertl, mpoaarwuuii ceou ToBapel, | IlpogaBasi cBou ToBapHI,
writing (Jdnst oOpazoBanusi BpeMeH IJIATUT HAJIOT C TPUOBLUIH. TOProOBELl INIATUT HAJIOT C
rpynmnsl Continuous. MPUOBLIN.
CaMOCTOSATEIBHO HE The seller examined the letter
TICPEBOJIUTCS). containing an interesting offer. (deenpuuactue Ha -a, -51).
[Iponasen n3y4uiI MUCbHMO,
coaepkaBice MHTCPECHOC
MPEIOKEHHUE.
(ITpuuactue Ha -1IKMA, -BIIUI).
2. Participle I | The goods are being sold. The goods being sold were foreign (While) being moved the goods
Passive voice made. are insured against all risks.
being sold ToBapsl mpogaroTCs. Koraa ux nepeBo3sit (Bo Bpemsi

NnepeBO3KM) TOBAPhl CTPAXYIOTCS
MIPOTHUB BCEX PHUCKOB.
(ITpunarounoe
00CTOSITETHCTBEHHOE
MIPEIIOKEHHUE; CYIIECTBUTEILHOE
C TIPEJIOTOM).
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67

Oxonyanue maon. 2

Bun npuuactus

OyHKIMSA B MPEJI0KEHUN U TIEPEBO/T

4YacCTb CKa3ycMoro

OIIpe/IeIICHUE

00CTOATEILCTBO

3. Participle Il | 1) He has sold his goods. The goods sold gave substantial If sold, the goods will give substantial
Passive voice | OH ipojaJt CBOM TOBapHI. profit. profit.
sold (st oOpazoBanusi BpeMeH IIpoganHbIe TOBApHI IPUHECIIH Ecau ux npoaartb, TOBapsl IPUHECYT
written Perfect. CamocrosiTenbHO He CYILIECTBEHHYIO NMPUOBLIIb. CYILIECTBEHHYIO MPUOBLIIb.
TICPEBOIUTCS). The problem discussed yesterday
2) The goods are sold. IS very important. (OOCTOATENLCTBEHHOE MTPHUIATOUYHOEC
ToBapbl poOaHBL. [IpobGiema, odcyxxaaBIIASICA MIPEVIOKEHHE).
(st 0Opa3oBaHus MTACCUBHOTO | BUEPa, OYCHD BaXKHA.
3anora. CaMmoCTOSITeJIbHO HE (ITpuyacTtue Ha -1UiACS, -MBIH,
TIEPEBOTUTCS). -HbIW, -ThIH, -BIIUNCS).
4. Perfect - - Having sold his goods he got
Participle substantial profits.
active voice IIpoaaB cBOM TOBApPHI, OH IMOIYYUIT
having sold CYUIECTBEHHYIO MTPUObLIb.
having written (deenpuyactue Ha -HB, -aB).
5. Perfect - - Having been sold, the goods gave
Participle substantial profit.
Passive voice ITocJie TOro Kak ToBapbl ObLIN
hal\é'ng been NMPOJAAHBI, OHU IIPUHECITH CYIIECTBEH-
%%Ving been Hyto puobLIh. (IIprnaTounoe obcto-
written ATEILCTBEHHOE MPEAJIOKEHUE).
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Tabnuma 3 — 'epynauit

OyHKIMS B IPETIOKESHUH

[Tpumepsl

ITepeBon

1. Ilognexaiee

Chartering of ships is very important
for shipments of goods.

®paxToBanue Kopabdieli (ppaxroBaTh
KOpa0IM) OYeHb BaXKHO JIJIsI IEPEBO3KH
TOBAapOB.

(MuduHUTHB, CYIIIECTBUTEIBHOE).

2. YacTb cKa3zyemoro

The main task is keeping customer’s
accounts.

['maBHas 3aa4a — XpaHeHHe CUCTOB
KJIMEHTOB (XPAHUTb CUETa KIIMEHTOR).
(CymiectButenbHoe, HHOUHUTHUB).

3. IIpsimoe noroaHeHue

The situation requires controlling the
supply.

Cutyanus TpeOyeT ynpaBJisiTh
(ynmpaBJieHus) TOCTaBKaMHU.
(MuduHUTHB, CYIIIECTBUTEIBHOE).

4. Onpenenenue (0OOBIYHO C MPETIOTOM
of, for mocJe cyiecTBUTEIHLHOTO)

The ability of influencing the commerce
Is studied attentively.

CriocoOHOCTH BJIMATH (BJIUSIHASA) HA
TOPTOBITIO U3Y9YaeTCsi BHUMATEIIHHO.
(CymiectButenbHOe, HHOUHUTHUB).

5. O0CTOSATENHCTBO

(0OBIYHO € MpeIoTamMHu:

IN — mpu, B TO BpeMsl KaK,

on (upon) — mo, moc.ie,

after — moc.e,

before — mepen,

by — TBOPHUT. MageK,

instead of — BMecTO TOr0 UTOOLI,
for—gasaur. 1.

He is able to discuss the terms of an
order without receiving our special
authorization.

OH MOXeT 00Cy>KIaTh YCIOBUS 3aKa3a
0e3 moJryyeHusi (He MoJIy4asi) HaIIEro
CIEIUAJIBLHOTO pa3pelIeHUs Ha 3TO.
(Cy1ecTBUTENBHOE € IPEAJIOTOM,
JIEETIPUYACTHE C OTPUILIAHUEM).
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YACTD III. YTEHUE HAYYHBIX CTATEN

Article 1
Task 1. Read the text below.

Domestic heating with compact combination hybrids (gas boiler and heat
pump): A simple English stock model of different heating system scenarios
(by George Bennett, Stephen Watson, Grant Wilson, Tadj Oreszczyn)

Abstract

The heat decarbonization challenge remains substantial, competing low carbon
solutions such as hydrogen and heat pumps (HPs) and the entrenched position of gas
combination boilers create inertia in many markets. Hybrid appliances which can
directly replace gas boilers may provide a low disruption, low-cost pathway to net zero
in gas-reliant markets. Emerging compact combination (CoCo) hybrid heating
appliances which combine a gas combi boiler and a small HP unit in one appliance
have been modelled for the English housing stock across a range of different scenarios.
CoCo hybrids offer sizeable energy demand reduction of up to 60 % compared to
current gas boilers, also reducing peak electrical demand by 10 GW compared to air
source heat pumps. The control strategy for switching between HP and gas boiler is
key in determining the scale of demand reduction. Modelling sensitivity to the HP size
within CoCo hybrids showed that a 50 % reduction in energy demand compared to gas
boilers could be achieved with a standard 2.5 kW HP. A lack of clarity in regulation
and policy incentives for hybrids exists. To drive innovation and performance
Improvement, product regulation for hybrids needs to be improved to support
decarbonization of heat with this promising technology.

Practical application

Convenient, low disruption heat decarbonization technology is crucial to the
speed of deployment necessary to achieve net zero. This article defines the size of HP
necessary to achieve rapid low disruption impact and distinguishes the types of
compact hybrid which can deliver the highest decarbonization impact while
minimizing in house disruption and the electrical grid impact.

Keywords
Low-carbon heating, stock modelling, heat pump, boiler, hybrid, heat decarbonization

Introduction

Domestic energy demand accounts for 29 % of the UK national total. Energy is
used within the home primarily for space heating and gas boilers continue to dominate
domestic heating in the UK making up the majority of the 22 million homes heated by
fossil fuel boilers. Over 1.7 million boilers are being installed annually, both as
replacement and in new build homes, further adding to the install base of fossil fuel
burning heating systems which need to be decarbonised. Combination boilers are the
most popular in the market accounting for 59 % of installed gas boilers.
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Combination boilers provide both space heating and instant hot water production
within one appliance with no need for a separate hot water tank. As such they are more
compact, cheaper and quicker to install than traditional ‘system’ boilers with hot water
tanks. Once installed in a home, ‘like for like’ replacement, either planned or part of a
‘distress purchase’ is simple and inexpensive. Instantaneous hot water is beneficial for
energy efficiency in terms of avoiding heat loss from the storage tank, but inefficiencies
of “‘combi loss’ and cycling due to the high outputs and limited modulation ranges can
negatively impact the efficiency.

Electrification of heat is a key part of decarbonizing the built environment. The
UK Government plans to eliminate fossil fuel gas connections from new buildings and
the IEA is recommending that only hydrogen ready boilers are installed from 2025.
Heat pumps play a central role in Government policy, aiming to increase the
deployment of heat pumps (HPs) annually to 600,000 from 30,000 in 7 years. This is
likely to be a more significant change to household heating than the introduction of gas
central heating which took 40 years to grow from 25 % of homes in 1970 to over 90 %
by 2010. This shift to electrically driven heating will impact life within the home and
the whole energy system.

Utilizing gas boilers for space heating and instantaneous hot water places
considerable demand on the gas network to supply energy when required for
combustion and heat. The concentration in demand from channeling cyclical heat
demand onto the gas network results in large variations of demand across the seasons
and diurnally. Research into the scale of the heat demand, as embodied in the network
gas demand, has led a number of researchers to estimate the current demand and model
the impact of future electrification of heat on the electricity grid. The scale of current
gas heat demand has been estimated as being of the order of 170 GW of peak demand
building on the work of Wilson on daily gas demand and utilizing demand data from
8700 dwellings. Monitoring of real gas demand shows peaks of up to 214 GW in the
gas network during cold weather periods. There remains uncertainty in the estimation
of the gas heat peak demand with alternative models based on a UK heat demand model
using a regression model of GB gas demand merged with daily empirical heating
profiles. Such a model yielded 277 GW peak domestic heating demand. The uncertainty
of heat demand is critical in light of the general acceptance that significant
electrification of heat will be necessary although the scale remains uncertain.

A radical and rapid increase in the electrification of heat poses considerable risks
to the decarbonization of electricity. Currently, two factors contribute to
decarbonization: the reduction in electricity demand plus the deployment of renewable
generation, in particular offshore wind. The steady decarbonization of electricity in the
UK could be reversed if the increase in demand from the install Faculty of the Built
Environment, The Bartlett School of Environment, Energy and Resources, Energy
Institute, generation. The risk of electrifying heat too quickly is increased utilization of
gas power generation making it cheaper and more carbon efficient to deploy gas boilers
than gas-fired electricity generation.

Besides the unknown scale of grid improvements necessary to electrify heat at a
local level, other factors affect the decarbonization pathway of domestic heat. The
dominance of gas boilers in homes is one aspect of a wider uniformity to the heating
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sector with far reaching implications for a transition to low carbon heat. Appliance
manufacture and supply, installation workforce and customer expectations have
developed around the gas boiler, embedding it as the default. The workforce is
especially aligned with the technology, with over 100,000 installers active in the UK
for fitting and servicing boilers, compared to approximately 1000 heat pump installers.

Conversion of combi boiler heating systems to electric heat pump systems is a
relatively costly and disruptive transition. Additional insulation on the building fabric,
hot water storage and low temperature heat emitters are some of the aspects which need
to be considered. Crucially, the installation requires additional certification of an
installer instead of, or in addition to, the current industry standard accreditation for gas
boiler fitting, GasSafe membership. Once installed, the heat pump may also need to be
operated continuously to operate efficiently, a culture change in UK home heating.

The Committee on Climate Change has recommended that, given the rapidity of
the change needed in the heating sector and the uncertainty around electricity grid
Impact, that hybrid heating appliances should be rapidly deployed at scale to homes on
the gas grid with an aim to having up to 10 million appliances installed by 2035. A
hybrid heating system is one that combines a gas boiler and heat pump in one heating
system. The HP can be added to the existing boiler system allowing for the boiler to
provide ‘peaking’ service when a higher power output is required such as when fast
warm up or higher temperatures are required in the radiators on colder days. The hybrid
is typically suggested as a suitable solution to address two potential issues. Local
electrical network grid capacity problems caused by simultaneous use of multiple heat
pumps which could be mitigated by the use of hybrids as switching hybrid heating
systems from electricity to gas at certain times would help to avoid costly network
upgrades. Costly and disruptive aspects of HP installation can also be averted with
hybrid systems, such as the upgrading of radiators or the installation of a hot water
tank. This is seen as a ‘low regrets’ policy moves due to the preservation of multiple
decarbonization options the future including, district heating, fully electric heating and
hydrogen-based heating pathways.

However, most hybrid systems such as those trailed in the Freedom Project are
essentially two heating systems in parallel with a central controller; this is more akin
to a bivalent heating system than the integrated petrol/electric hybrid systems in
transport vehicles. Bivalent systems with active secondary heat sources (HPs, biomass
burners rather than passive solar thermal) have cost and space implications due to the
redundancy built in and the lack of integration. The complexity of this type of bivalent
boiler/HP system presents a challenge to occupants and heating professionals which
can be exacerbated when incompatible equipment from multiple manufacturers is
installed. For occupants, understanding what the system is doing at any given time can
be challenging, or for heating engineers to find faults or commission multiple units.
Utilizing two heat sources to heat the home presents a control and optimization
challenge. Although a hybrid heating system has two distinct heat sources, generally
they both serve the same heat emitter system; therefore, the control systems must
balance efficiency optimization with predictable and desirable heat provision through
appropriate heat emitter temperatures and flow rates. This can lead to complex
hydraulic configurations and control algorithms. For example, the HP and boiler could
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operate hydraulically in parallel or series and the control algorithm can be programmed
to avoid HP operation under certain outdoor temperatures or central heating flow
temperatures. Keeping cost, complexity and disruption to a minimum could prove
critical in kickstarting the shift to low carbon heat given the current convenience and
familiarity of gas combi boilers.

By reducing the thermal output and size of the heat pump, manufacturers have
developed appliances which combine a boiler and air source heat pump in one unit. The
compact combination hybrid (CoCo hybrid) is a technology which could offer the
consumer a relatively cost-effective appliance which can be installed by the current
cohort of boiler installers as the HP is a sealed unit internal to the appliance only. By
placing the HP and boiler in one unit, some benefits can be realized over a traditional
hybrid. The HP can scavenge waste heat from the boiler in addition to the normal
outside air, the control system can be optimized to the characteristics of the appliance
components rather than being generalized and both manufacturing and installation
costs can be reduced compared to traditional hybrids. The boiler part of the CoCo
hybrid like the standard boilers used in standalone or traditional hybrid systems can be
made to be ‘hydrogen ready’ so as not to lock in extended natural gas dependency. The
compromise of the system is that the HP is typically smaller than required to heat the
home solely. However, the discrepancy between the high instantaneous power demand
for hot water (~20-30 kW and space heating (~1-15 kW) which causes inefficiencies
in the current boiler fleet can prove to be advantageous for the CoCo hybrid where the
hot water can be heated only by the boiler and space heating by both the HP and the
boiler with the higher efficiency HP taking over the heating load at the low heat demand
levels (and mild outdoor temperatures) which force boiler cycling inefficiency. It is
worth noting that the requirement for instantaneous water heating, as opposed to stored
hot water, has driven the large boiler sizes common today. Using hot water storage
would reduce this requirement and reduce the negative impacts of boiler cycling on
efficiency. However, 2 million hot water stores have been removed from UK homes
and 4 million additional combination boiler systems installed in the last 10 years and
occupants may be reluctant to lose the space they have recently gained. Although
advances are being made in the area of thermal storage to add value both to the
consumer and the wider energy network, smart thermal stores can monitor energy
prices to reduce running costs and phase change materials are being used to reduce the
size of thermal stores. This research endeavors to understand to what extent the modest
size of the HP within a CoCo hybrid could deliver carbon savings of HP heating while
mitigating the necessity for widescale grid reinforcement during a transition.

Methodology

The impact of the choice of heating systems manifests itself in many ways across
society, through investment capital spend, disruption to homes, household energy bills,
grid demand of the electrical and gas networks and more. This research focusses on a
sub-section of this complex system landscape. The parameters and relationships of
interest in this research are modelled with different heating system types/sizes and
control methodologies to map the boundaries of how CoCo hybrid heating can impact
the home heating sector in comparison to both the incumbent technology (gas boilers)
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and the leading low carbon technology (heat pumps). The five indicators of
performance used in this article are as follows:

— Peak electricity/gas demand as a function of outdoor temperature,

— load duration curves for electricity and gas under standard climatic conditions,

— energy demand,

— energy bills and

— domestic heating CO, emissions.

In order to derive these indicators, an hourly bin model was constructed in

Microsoft Excel. The schematic representation of the model is shown in Fig. 1.
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Figure 1. Flow diagram of information within the CoCo hybrid stock model

The model foundation is a 2D array of building heat loss (100 W/K resolution)
and outdoor temperature bins (1°C resolution) which is used to calculate the steady-
state heating demand for each heat loss intersection of building heat loss across the
outdoor temperature spectrum with constant internal temperature, accounting for fixed
internal (metabolic, cooking, appliances, etc.) and solar gains. Maintaining incidental
gains at a fixed level is a simplification which borrows partly from the SAP monthly
methodology which takes such gains as being constant over each month. Solar gains
were assumed constant to simplify the modelling. The focus of the model is on the
comparative impact of heating systems, which have been shown to be the critical
parameter in sensitivity analysis of building stock models.

Capturing how a heating appliance reacts and responds to changes in operating
conditions is a product of basic thermodynamics, appliance design and control logic.
The heating appliance must meet the heating system demand which is driven by
occupant comfort, external weather and the building heat loss. The energy required to
meet the demand can depend on the hydraulic temperatures/flow rates and outdoor air
temperature.
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Table 1 — Description of modelled scenarios
Heating
Scenario  [system Description and control

Scenario 1 |Gas boiler  [Modern condensing gas combination boiler

Scenario 2 |CoCo hybrid (Control logic: HP will be ON if outside temperature is
above 5°C and demand power is within HP range and
OFF otherwise

Scenario 3 |CoCo hybrid (Control logic: HP will be ON when HP power is within
range and OFF otherwise

Scenario 4 |CoCo hybrid (Control logic: With HP priority at all times (continuous
HP operation), boiler provides remaining heat demand

Scenario 5 |ASHP Full heat pump system with variable COP

Certain features were chosen to remain constant across all appliance scenarios,
such as the relationship of heat pump and outdoor air temperature. The extent of
hydraulic configurations and control strategies which are possible for a hybrid is
considerable. Control algorithms of heating systems, both boilers and HPs, and
therefore emerging hybrid systems are also a matter of commercially sensitivity and
rarely in the public realm. However, this article seeks to determine the sensitivity to
different control strategies on peak power demand, total energy and carbon emissions.
Five heating system scenarios were implemented in the model to convert the building
heating load into gas and/or electricity demand. Scenario 1 represents the current status
quo of near universal use of gas boilers for heating. Scenario 5 just air source heat
pumps (ASHPs) presents a possible future heating landscape to meet net zero.
Scenarios 2—4 explore a CoCo hybrid consisting of a 28 kW heat output gas boiler plus
4 KW heat output ASHP with three different control scenarios. Scenarios 2—4 could
play a role in transitioning from Scenario 1 to 5. The descriptions of the scenarios are
explained in Table 1.
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Table 2 — Heating technology efficiency assumptions

Technology  [Efficiency profile

Boiler Modern condensing gas combination boiler where efficiency is
highest (92 %) when demand power is within the modulation range
of the boiler. Boiler cycling reduces the boiler efficiency (80 %)
when heating demand is below the range of modulation.

Air source heat| Coefficient of performance varies linearly with outdoor air
pump temperature. Model is a synergy of RHPP (anchoring at COP of 2.4
at 10 °C) and published manufacturer data COP at 25 °C is 2.7

COPat5°Cis2.14

Boiler has fixed efficiency and HP efficiency as per individual
technologies (above), no interaction assumed which would affect
efficiency.

CoCo hybrid

The efficiency of the appliances modelled in the scenarios followed the logic
outlined in Table 2. The model assumes a distribution of heat loss in the English
housing stock equivalent to what was measured as part of the 2011 English Housing
survey and reported in the Cambridge Housing Model. Scaling the gas and electrical
demand according to this distribution using the appliance definitions from Table 1
gives the stock level array of energy demand (split by gas and electricity) to heat the
English housing stock as a function of external temperature. Mean internal temperature
was assumed to be constant at 19 °C to account for the simplicity of the model not
implementing a bi-modal heating profile but representing expected mean temperatures
in homes.

Taking this distribution and combining it with a representative weather profile
from ASHRAE’s International Weather for Energy Calculations (IWEC) project
(location: Finningley UK, based on the period 1982-1999) gives the hour by hour heat
load on the gas and electricity networks for the different scenarios. Using an hourly
model with continuous 24 h heating of the buildings makes two simplifications which
counteract each other. Modelling with hourly weather data will overestimate the heat
load on the building due to the omission of the temperature dampening effect of the
building thermal mass. However, the continuous heating profile, as mentioned earlier,
smooths heating up peaks of demand when the heating schedule starts, and extra power
is needed to quickly raise the internal temperature; as mentioned earlier, the mean
internal temperature was chosen to account for the difference between set point
temperatures and cooling down periods.

Modelled results and discussion

Plotting the total heating demand against outdoor temperature (before the
addition of the weather profile), Fig. 2 shows the scale of peak heating demand
reduction potential during colder periods and the scale of power availability
requirement needed to satisfy the steady-state heat demand. Throughout this analysis,
‘power’ is defined as the input power to the heating system (as would be measured by
the gas or electric metre) for the purpose of conversion to space heating rather than
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delivered heat. The different hybrid systems modelled (Scenarios 2-4) perform
differently with up to two times the power required for Scenario 2 compared to 4, and
the difference is greatest at temperatures below 4 °C. This stage of the model
demonstrates the potential of heat pumps in the building stock to alleviate load demand
on the whole energy system as well as the electrical grid at periods of high heat demand.
The complete conversion of heating systems to air source heat pumps, as per Scenario
5, indicates over 100 GWof peak heating power reduction (electricity and gas
combined) in sub-zero weather conditions (Fig. 2). However, this steady-state
modelling overlooks start up and heat up loads which would be higher in all cases
unless heating was continuous. However, since the gas and electricity networks operate
differently with regard to provision of peak loads (line pack for gas and peaking plant
for electricity), it is necessary to look deeper at the split between gas and electricity
power profiles. Also, this input power demand is just for providing space heating, not
for hot water demand which currently drives the sizing of combi boilers.
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Figure 2. Total space heating energy demand as a function of outdoor temperature
Hybrid HP size 4 kW

The space heat energy demand was modelled on a disaggregated basis across the
two modelled energy vectors, gas and electricity. Scenario 1, representing the
incumbent dominant boiler technology, is limited to gas only and displays the highest
input energy demand across all temperatures due to the fundamentally lower, and
limited, boiler system efficiency. The demand is approximately representative of the
underlying building heat demand before heating efficiency since the boiler efficiency
approximates 90 % across the model. Scenarios 2, 3 and 4 are compact hybrids, in this
baseline case with a HP size of 4 kW. The impact of varying the CoCo hybrid HP size
will be explored later in the article. The difference in peak demand between Scenarios
2, 3 and 4 stems not from the physical dimensions or thermal output of the CoCo hybrid
(which are constant) but solely on the control methodology implemented.
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While all CoCo scenarios offer lower overall power demand across the
temperature spectrum, the temperature-based control strategy of Scenario 2 which
operates the HP only above 5 °C shows the lowest potential to reduce peak demand at
low temperatures but above 5 °C where the HP can operate freely and the building heat
loads are lower across the stock giving the HP part of the CoCo hybrid a greater role.
At these higher ambient temperatures, demand is significantly lower.

Removing the outdoor temperature limit of the HP (set at 5 °C), as in scenario
3, but still implementing a reduction to COP with outdoor air temperature, improves
the performance and lowers the overall heat energy demand at lower temperatures.
However, the ‘“either/or’ control strategy which precludes running the HP and boiler
simultaneously in Scenarios 2 and 3 limits the overall reduction in input power demand.
Scenario 4 is based on a control strategy where the HP is used whenever possible and
the input power demand is supplemented with the boiler to satisfy the current heat need.
This greatly increases the proportion of heating provided by the HP which improves
the efficiency thereby lowering the demand.
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Figure 3. Space heating energy demand, gas and electricity as a function
of outdoor temperature. Hybrid HP size 4 kW

Analyzing the split of gas and electricity demand underlying the scenarios (Fig.
3) gives greater insight into the operation of the CoCo hybrids across the English
housing stock, highlighting the sharp drop in HP contribution from the CoCo in
Scenario 2. There is a similar electrical demand across all scenarios (except Scenario
1: boiler) at milder air temperatures [for reference, the long-term average UK outdoor
temperature during the October to March heating season is 6.35 °C (1981-2010) and
increasing at approximately 0.22 °C per year since 1970] as the control algorithms
converge into 100 % HP operation over a lower building stock heat demand. This is
interesting in the context of the implication of aggressive building heat demand
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reduction through fabric measures (the so-called fabric first strategy) which would shift
the heat demand into this area even at lower outdoor temperatures, reducing the need
for hybrid appliances. In the absence of large reductions in building heat demand,
which has been shown to pose its own problems of cost and embodied carbon payback,
it is therefore reasonable to assume that demand reduction through heating efficiency
will need to deliver significant proportion of the emissions reduction. The next stage
of modelling takes the temperature dependent heating profile of the English housing
stock and calculates the time series energy demand profile across a full year. To achieve
this, the complete stock was modelled at a representative location for England. A
central weather profile was chosen for the modelling, centered on the Finningley
location and using weather data from the US Department of Energy, also utilized in the
commonly used Energy Plus modelling environment.

For the purposes of this analysis, all homes were assumed to be heated
constantly. This is a departure from the known bi-modal heating schedule commonly
seen in the UK and formalized in the UK’s Standard Assessment Procedure (SAP).
However, the shift to continuous heating profiles is integrated in SAP to accommodate
smaller output heating systems with smaller plant size ratios (PSRs). The PSR is a
measure of the ratio of the heating system thermal output to the building heat load. A
smaller PSR limits the heating ramp rate of the heating system and therefore the
viability of the bi-modal heating, requiring continuous heating schedules. This is a
separate effect from the reduction of flow temperatures, either in a boiler or HP system,
which will benefit efficiency but also reduce the thermal output of the existing emitters
in retrofit cases, limiting heating up times and also the steady-state thermal output,
probably requiring upgrades to the emitters. The benefit of a lower PSR and longer
heating schedule is lower capital expenditure for the heating system and heat emitters
and higher efficiency during operation. The higher efficiency can significantly
outweigh the longer operating times resulting in both higher thermal comfort and lower
running costs both for boilers and heat pumps. The internal set point temperature was
initially chosen to be representative of the mean internal temperature rather than a
thermostat set point. This is a significant simplification in the modelling and reduces
the complexity of heating schedule occupant behavior and heating system response to
a single parameter. Internal temperature levels and profiles are ongoing areas of
research. It is recognized that more detailed, higher temporal resolution, dynamic
building simulation models may offer more detail to explore temporal and geographic
variation in internal set point, and for the purposes of this analysis, a uniform
temperature was considered sufficient. After calculating the hourly power needed to
satisfy the building stock space heating demand over the complete simulated year, the
load duration curve of the gas and electricity demand is plotted to (Fig. 4) explore what
the scale of gas and electrical supply would need to be in a typical year.

The impact on the load duration curves is most notable in the shape of the gas
load over the year, where Scenarios 3 and 4 reduce both the total gas demand and also
the peak demand. The simplest CoCo heating control strategy in Scenario 2 does reduce
gas consumption but has little impact on the peak demand due to the shutting off of the
HP at lower temperatures. The electricity load duration curve shows the significant
impact that the hybrid control strategy can play on peak electrical demand, with the
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impact that it can therefore have on total generation capacity. Compared to the
estimated peak of over 40 GW for when heating all homes with ASHP in Scenario 5,
the CoCo hybrid scenarios reduce that peak to 30 GW for Scenario 4 and between 20
and 30 GW for the other hybrid scenario. The load distribution curves presented in Fig.
4 are based on the heating system’s internal control algorithms which are modelled to
respond to a combination of building heat demand and outdoor temperature. However,
with the introduction of internet-connected heating appliances, there is the opportunity
for an individual heating system to respond to price signals or to remotely control
groups of heating systems to the benefit of the wider energy system. The ability of a
hybrid to provide Demand Side Response (DSR) services through switching from HP
to boiler, that is, electricity to gas, at times of low availability of renewable electricity
or high electricity cost, is an aspect of hybrids which could prove useful as the
proportion of renewables increases through allowing grid operators or DSR aggregators
limited control of the operation of a hybrid. This would change the shapes of the load
duration curves in such a way to reduce the use of electricity, but the limits of the
switching capacity of the building stock would be greater for the scenarios with higher
proportions of HP usage.

Gas load duration curve Electricity load duration curve

9
100% 100%

90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%

% of year
% of year

20%
10%
0%

20%
10%

0%
’ 0 20 40 60 80 100 120 140
0 20 40 60 80 100 120 140
Gas power demand (GW) Electric power demand (GW)

Scenario 1 e Scenario 2 Scenario 3

e Scenario 4 esssss Scenario 5

Figure 4. Load duration curve for gas and electricity

Peak demand is an important criterion for the transition of heating from gas to
electricity and heat pumps but needs to be balanced against the cost, energy demand
and carbon emissions associated with the split of gas and electrical energy used in heat
generation.

In Fig. 5, the total modelled space heating demand across the 5 scenarios can be
seen. The impact of the high efficiency of ASHPs increases as the proportion of heat
provided by the HP increases up to the maximum in Scenario 5. It is striking that
although the heating appliance capacity and thermal output is constant across Scenarios
2-4, the input energy demand is more than halved. Scenario 4 most closely follows the
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gas/electricity split of 50:50 which is assumed in the Standard Assessment Procedure.
The variation in the distribution of heat demand to the boiler or HP within the hybrid
IS important to recognize as the control algorithms for heating appliances are generally
not captured in the appliance testing methods which test the boiler and HP separately,
combining the resulting efficiencies in a standard ratio, as happens in SAP at the level
of 50:50.

The variation in energy savings relative to the gas boiler-based Scenario 1 is
considerable going from 16 % up to 62 % (Table 3). This range of savings shows two
aspects of the role of hybrids: that the control algorithm plays a key role in the
performance (control strategy accounts for all the variation in the modelled savings)
and that the potential savings when HP operation is optimised in the hybrid can rival
that of the full HP scenario. Scenario 4 has a 4 kW HP unit in the CoCo hybrid,
regardless of building space heat demand and gives a potential 62 % energy saving,
whereas the full HP systems in Scenario 5 demonstrate a 76 % saving.

Table 3 — Space heating energy demand and savings

Scenario [Gas demand Electricity demand [Total (GWh)Relative saving to
(GWh) (GWh) Scenario 1

1 522,250 — 522,250 —

2 372,950 66,674 439,624 16 %

3 240,337 93,063 333,401 36 %

4 101,906 97,271 199,176 62 %

5 — 124,171 124,171 76 %

Total Stock Annual Customer Energy Demand
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Figure 5. Stock annual input energy demand

The predicted emissions from the modelled scenarios (Fig. 6) depend strongly
on the assumptions of the emission intensity of the electricity grid; three different
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emission factors are explored in this article. The emissions factors from SAP (SAP
2012 519 gCO2/kwWh and SAP10 233 gCO2/kwh) were used since it is the most
widespread building modelling tool in the UK used across millions of homes for
Energy Performance Certificates.

Total Carbon Dioxide emissions
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Figure 6. Stock annual emissions of carbon dioxide

Also, an estimate of the grid intensity in 2030 was taken from the National Grid
Future Energy Scenarios 2020, ‘System Transformation’ scenario (75 gCO2/kWh).
Note that more ambitious scenarios of carbon intensity reduction have also been
modelled by the National Grid including zero carbon electricity by 2030. With the
exception of Scenario 2 with SAP 2012 intensity factors, all CoCo hybrid scenarios
present significant reductions in carbon emissions from heating. The considerable
carbon emission impact of both HPs and hybrids can be seen with a potential 60 %
reduction in emissions for the best performing hybrid (SAP10 factors), but caution
should also be exercised as the worst performing hybrid in Scenario 2 only delivers
15 % carbon savings. Modelling carbon emission factors for radical changes to heating
in homes is complicated by the feedback effect that any major electrification of heat
will cause. The rapid decarbonization of the grid through increased proportion of
renewables may be reversed as the demand grows, possibly causing increased reliance
on gas fired electricity generation, therefore shifting the carbon balance back in favor
of combustion of gas at the home directly for heat.

33



Annual Customer Space heating energy cost per dwelling

£1,200
£1,000
£800

£600

£400
£200 I

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Stock Annual Energy Cost (£)

MW Gas: 2020 National average prices (BEIS)
Electricity: 2020 National average prices (BEIS)

Figure 7. Estimated annual energy costs for customers per dwelling

Energy costs play a key role in the consumption of energy for heat. Modelling
future gas and electricity prices is beyond the scope of this research. The role of
government policy governing where environmental and social obligation costs are
levied and how they change over time plays a large role in the absolute and relative
costs of gas and electricity. A significant part of the higher costs of electricity lies in
the 22.9 % obligation costs compared with just 1.9 % for gas. Competition between
energy suppliers is a well-established feature of the UK energy market, presenting the
consumer with considerable variation in energy prices driving around 400k consumers
switching supplier per month. Taking a snapshot of how the modelled scenarios would
affect average dwelling energy bills is presented in Fig. 7. The costs presented
represent only the space heating portion of domestic energy use and are calculated
using the mean unit cost of gas and electricity per kwh without fixed and standing
charges of 3.3 p/kWh for gas and 17.4 p/ kWh for electricity. Viewing the impact of
the modelled hybrids and ASHP through the lens of energy bills, the impact is negative,
with no financial incentive to drive a shift from gas boilers. This highlights the
distortion of energy prices with respect to both energy demand and carbon emissions
both of which would benefit from the modelled heating systems, even in the case of
the crude CoCo hybrid in Scenario 2. The decline in total energy demand seen in Fig.
5 is distorted by the electricity price driving bills up when the proportion of heat
produced by the HP is increased. The modest differences in electricity demand between
Scenarios 2 and 5 are amplified by the cost factor; Scenario 3 has the highest costs due
to the relatively crude HP/boiler switching resulting in a similar electricity demand as
Scenario 4 but without the corresponding drop in gas demand.
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Sensitivity analysis

Comparing scenarios of CoCo hybrid heat provision on a national scale with
both incumbent boilers and a full HP scenario has allowed for the exploration of
differing control strategies of hybrid, operating the boiler and HP according to different
rules and inputs. So far these CoCo scenarios have been based on the same fundamental
physical CoCo hybrid specification. The boiler was sized above the maximum building
heat load (28 kW) with a fixed minimum output of 5 kW, typical of combination boilers
in the UK** and the HP was sized at 4 kW. A key feature of the CoCo hybrid concept
Is that the HP is contained wholly within the appliance casing, therefore minimizing
the space taken by the HP and contributing to making the whole appliance more
comparable to the existing boilers which they could replace. A sensitivity analysis was
performed on the model varying the HP size of the CoCo appliances from a minimum
of 0.5 kW up to the level of standalone HPs, 8 kW. The boiler output size was
maintained at 5-28 kW, typical of UK combi boilers.

In Fig. 8, the variation in modelled peak electrical space heating demand for the
reference year is shown. The ASHP Scenario 5 is shown as 41 GW across all CoCo
hybrid HP sizes for comparison. None of the CoCo scenarios reach the levels of the
full HP scenario reflecting the continued contribution of boilers in hybrid systems even
when the HP is theoretically capable of providing all the heat, but the boiler helps at
lower temperatures.
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Figure 8. Peak electrical energy demand for varying CoCo HP size

The total modelled energy demand (gas and electricity) is shown in Fig. 9. Here,
the differences between the CoCo control strategies are stark; the temperature limited
HP operation of Scenario 2 limiting the HP contribution and therefore energy demand
reduction, regardless of the HP size. Scenario 4 shows parameters of Scenario 3 CoCo
hybrids would require the greatest energy demand reduction, relative to gas HP size of
6.5 kKW to achieve the same 50 % reduction. boilers, with a 50 % reduction with the
more modestly Energy bill cost (Fig. 10), estimated at today’s sized 2.5 kW HP. The
more restrictive operating prices as before, again highlights the price disparity that
undermines using electricity for heating, despite the energy savings demonstrated the
incurred cost is opposite. The larger HP sizes lead to rapid increases in billed energy
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cost; the case in Scenario 3 is such that the cost exceeds the fully electrified cost of
ASHPs.
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Figure 9. Total input energy demand for space heating (gas and electricity)
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Figure 10. Modelled space heat energy cost across different hybrid HP sizes

Conclusions and implications

Existing English and UK space heating demand is highly seasonal and variable
over a day. The swings in demand that space heating places on the wider energy system
are buffered by the gas grid through its use of linepack.* The dominance of gas central
heating and combination boilers allows for high levels of heating demand without
outages or swings in energy cost to the consumer. In order to reach net zero, high levels
of electrification of heat through heat pumps is foreseen. The risks to the energy system
of high peak demands on the electricity grid are prompting policy makers to assess the
role of hybrid heating. The compact combination hybrid appliances seek to provide a
way to alleviate the impact of electrification of heating on the grid, while also providing
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a relatively compact appliance with reasonable up-front capital investment costs. By
modelling a full transition of the English domestic building stock from gas boilers to
CoCo hybrids, the limit case of impact can be seen. The CoCo control strategy is of
key importance as it determines the proportion of heat generated by the higher
efficiency ASHP within a hybrid. This has implications for the policy governing
product standards and the methodology behind the UK’s Energy Performance
Certificate. It is clear from the modelling that not all hybrids are created equal and that
a standard of specific performance testing should be developed to reflect the role of
control algorithms in heating system performance. Energy demand and carbon
emissions vary significantly across the modelled scenarios which maintain a constant
heating system configuration for the hybrid models, but vary only the control strategy.
The diminishing relative reduction in energy demand as the HP size of a CoCo hybrid
increases shows that significant decarbonization of heat could be made with relatively
modest HPs within the CoCo package. With a 2.5 kW HP within the CoCo hybrid, a
50 % reduction of energy demand at the national stock level is possible, if the HP use
Is not limited. The variability of demand across different hybrids (control strategy and
specification) means that the simple split of heat demand 50:50 between the boiler and
HP in any hybrid system forms part of the Standard Assessment Procedure used for
EPCs and is inadequately flexible to account for variation in hybrid performance. It is
likely that this conclusion holds as much for hybrids as for other hybridized or complex
heating systems, which are likely to become more widespread in the future. Cost of
energy has been shown to play a key and contradictory role in a shift to hybrid heating
technologies. The cost of electricity does not reflect the underlying carbon intensity,
even at 2020 levels and prices.

The incentive shown in terms of energy and carbon emission reduction across all
CoCo hybrids is in contrast to increased energy bills, thereby disincentivizing the
consumer to make the switch. Without addressing the retail energy price’s masking of
carbon intensity of energy, the role of hybrids or heat electrification is likely to be
minimal. A full deployment of hybrids in the housing stock is not anticipated as a
practical scenario for heat decarbonization; the modelling presented is envisaged as
demonstrating a limit case, whereas, in line with CCC recommendations, the heating
mix is likely to be more complex, with full HP systems being preferable where cost
and grid constraints allow. Similarly, the deployment of hybrids, CoCo or otherwise,
is likely to be sensible in areas where the conversion of the local gas grid to hydrogen
Is planned, which is unlikely to be widespread or uniform across the country. The
modelling presented is limited by the exclusion of hot water production which is
assumed to be 100 % heated by the boiler component of the hybrid. Although building
heat load seasonality and diurnal variability could be simplified in the model
sufficiently to generate useful results, the lack of high-quality data in hot water demand
levels and diversity prevented satisfactory inclusion at this stage. Further work is
planned to collect high frequency hot water consumption data which will form the basis
of a supplementary hot water element to the hybrid model presented here.

A key finding of the research is the importance of the hybrid control strategy. In
the modelled scenarios, the hardware component specifications in terms of kW output
of boiler and HP parts of the hybrid were kept constant across scenarios. But the
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difference in control played a significant role in the split of energy demand between
boiler and HP within the hybrid and therefore the savings relative to boilers. Hybrids
cannot be assumed to be homogeneous in their performance or decarbonization
potential. This has implications both for the policy governing hybrids which would
need to account, either explicitly in definition or in performance testing, for the range
of hybrid performance due to control and boiler/HP specifications. The potential for
CoCo hybrids, if designed and developed optimally for energy demand reduction, is
significant but needs careful consideration in policy, both in terms of hybrid product
regulation and also the wider context of differences in gas and electricity prices.
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Task 2. Summarize all the ideas of the article and write an essay.
Task 3. Make a presentation based on the article.
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Article 2

Task 1. Read the text below.

Effect of boiler oversizing on efficiency: a dynamic simulation study
(by George Bennett; Cliff Elwell)

Abstract

Gas boilers dominate domestic heating in the UK, and significant efficiency
Improvements have been associated with condensing boilers. However, the potential
remains for further efficiency improvement by refining the control, system
specification and installation in real dwellings. Dynamic building simulation
modelling, including detailed heating system componentry, enables a deeper analysis
of boiler underperformance. This paper explores the link between the space heat
oversizing of boilers and on/off cycling using dynamic simulation, and their subsequent
effect on boiler efficiency and internal temperatures. At plant size ratio (PSR) 8.5 daily
cycles numbered over 50, similar to median levels seen in real homes. Simulations
show that typical oversizing (PSR >3) significantly increases cycling behavior and
brings an efficiency penalty of 6-9 %. There is a clear link between raising PSR,
increased cycling and an associated decreased efficiency; however, in the UK, boilers
are regularly oversized with respect to space heating, especially combination boilers to
cover peak hot water demand. Current legislation and labelling (ErP and SAP)
overlook PSR as a determinant of system efficiency, failing to incentivize appropriate
sizing. Reducing boiler oversizing through addressing installation practices and
certification has the potential to significantly improve efficiency at low cost, decreasing
associated carbon emissions.

Practical application

This research provides the basis for a practical and cost-effective means of
assessing the potential for underperformance of boiler heating systems at the point of
installation or refurbishment. By assessing the oversizing of the boiler with respect to
space heating, unnecessary cycling and the associated efficiency penalty can be
avoided. Plant size ratio, as an indicator of cycling potential, can be implemented in
energy performance certificates (EPCs), through the standard assessment procedure
(SAP), using existing data. The potential for real carbon savings in the existing boiler
stock is considerable, and the findings have wider implications for next generation
heating systems.

Keywords
Building energy simulation, buildings energy performance, domestic buildings, space
heating, boiler
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Introduction

The UK residential heating landscape is dominated by one technology: the gas
boiler. In 2007, boilers accounted for 86 % of the heating systems of England totaling
over 20 million appliances, and boilers are being installed (new and replacement) at a
rate of 1.2 million per year. Small improvements in the efficiency of gas boiler heating
can have a major impact on national emissions; yet, a persistent performance gap
between predicted and actual boiler energy demand remains, of the order of a 10 %
efficiency drop. Closing this performance gap has the potential to significantly and
rapidly decrease carbon emissions and energy use. Boiler systems in occupied
dwellings have been shown to exhibit cycling behavior that is associated with reduced
overall efficiency. The tendency for combi boilers to be oversized with respect to
central heating was noted from the large typical boiler thermal output sizes compared
to the heat demand of the stock. This oversizing is the probable cause of observed
cycling: high numbers of short heating cycles were observed. Although those
observations are consistent with the circumstances that would lead to efficiency
losses, the link between system efficiency and cycling behavior has been observed but
not fully explored in previous studies. This paper aims to address this research gap by
simulating boiler system performance as the plant size ratio varies, and therefore
relative oversizing of the heating system varies, in addition to exploring ways to avoid
or mitigate the negative consequences of oversizing.

Literature review

The advent of boilers with variable rate/modulating power output levels enabled
the combination of direct hot water and space heating in the same appliance. On
demand, hot water requires rapid control of the heat input in order to deliver consistent
hot water temperature despite a variable flow rate and cold feed temperature.
Combining the two functions saves space and reduces installation complexity, by
eliminating the need for storage. Peak hot water demand is proportional to the
maximum flowrate expected, which is often considered proportional to the number of
occupants or bathrooms, whereas the space heating demand is derived from the heat
loss of the building. In practice, peak hot water demand is mostly significantly greater
than the space heating demand, so the design, sizing and selection of combi appliances
are based on domestic hot water (DHW) capacity. For example, a boiler installed in a
dwelling with two bathrooms would be required to deliver up to 13 L/min of DHW (at
a temperature increase of 40 K), necessitating 30—36 kW of DHW capacity. Studies of
real energy demand and survey data estimate the mean actual space heat load of a UK
dwelling to be around 6-8 kW, with an internal-external temperature difference of
23 °C, corresponding to a cold winter day. A combination boiler should be capable of
meeting these significantly mismatched space and water heating outputs.

The (mis)matching of boiler output to heat demand is commonly quantified by
means of the plant size ratio (PSR), a succinct term to refer to the ratio of maximum
heater thermal power output (Q,,) to the building design steady state heat loss (Q ,)

PSR=&

B

40



Space heating design load (Qj) is calculated based on the steady state building
heat loss for a chosen temperature difference across the building fabric (with heat
transfer coefficient, U (W/m?K) and total surface area, A (m?) accounting for

ventilation losses (with coefficient, C,, (%). A design day with 21 °C internal and -2 °C

external temperature is typical, although a regional calculation method is
recommended in BS EN ISO 15927-5 based on historical coldest months, which could
lead to design external temperatures between approx. 0 and —6 °C (ashrae-meteo.info).
The below equation shows the building space heat loss for plant size calculation

Q= z(UAAT) + C, AT

If the system is expected to provide constant heating, a boiler thermal output
may be selected directly on the basis of the design day heat demand. However, heating
schedules are often operated intermittently due to occupancy, comfort requirements or
tradition. Accordingly, a heating system multiplication factor is used to account for the
cooling that will occur outside of the heat schedule and the extra thermal power
required to return the heated space to the required temperature within a reasonable time.
CIBSE offers a simple set of discrete multiplication factors to identify the required
design heat load, separating buildings into fast or slow thermal response, based on
construction type, inferred thermal mass and thermal time constant. The factors
replicated in Table 1 show that for buildings with 12 or more hours of continuous
heating, no adjustment to the plant size is deemed necessary regardless of building
thermal response. When the heating schedule is shorter, notable increases in plant size
are recommended for fast thermally responding houses, up to a practical maximum
of 2.8.

Table 1 — Plant size multiplication factors according to building thermal response a
ratio of cyclic response to thermal transmittance

Daily hours of heating ON | Multiplication factor acc.
time ¢, Building thermal response
slow Fast
12 1.0 1.0
6 1.1 2.0
4 1.2 2.8

In practice, the required heater power requirement (with a fixed multiplication
factor relating to the building fabric) varies with time as the building heat loss changes
with outdoor temperature (in contrast to the PSR which is fixed and dependent on
specified boiler thermal output and theoretical peak building steady state heat 10ss).
Since the design day heat load is chosen to account for the coldest expected days, the
actual heat load for the majority of days in any winter is expected to be significantly
lower, as shown by Fig. 1. This issue is exacerbated in milder winters, with a
correspondingly lower building heat load and larger mismatch, and in the shoulder
seasons of each year.
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Figure 1. Design day and temperature dependent building heat load with CIBSE
factors for intermittent operation, ‘fast’ low thermal lag building shown

Modulation of the boiler heat output aims to match this heat demand and supply.
Current pneumatically controlled premix gas valve technology is limited to a
modulation ratio of approximately 1:10 in newer boilers, with 1.6 being more
common. A practical result of this limited modulation range is that a boiler with
maximum thermal output of 36 kW can normally modulate to a minimum of
6 kW. This suggests that it is likely that combi boiler heating systems have to cycle
on and off to match the space heat demand, with implications for the in-situ
efficiency.

Although the efficiency of gas boilers is relatively robust regarding part load
operation, it is not independent thereof, with testing for product energy labelling
reflecting that fact, with measurements at full and 30 % load. Boiler efficiency, as a
percentage of useful heat produced relative to energy consumed, is subject to the
operating conditions of the boiler at that time. Important factors include the gas/air
ratio, flue gas temperature (itself a function of heating water temperature and heat
exchanger effectiveness) and heat power modulation level. Furthermore, on/off cycling
Is known to be a major influencer of efficiency, but is less well understood in practice.
Trials, such as the BRE condensing boiler assessment,® have explored the real
efficiency of boilers in operation and have led to assumptions around efficiency
adjustments that find their way into the calculation methods, such as those for the
standard assessment procedure (SAP) used in energy performance certificate (EPC)
generation. The influence of the thermal output range of a boiler on efficiency in
practice is covered from a theoretical perspective in handbooks and guidelines for
professionals in the field, e. g. the Buderus Handbuch fiir Heiztechnik. These texts
describe that standby losses may be greater for a larger boiler due to increased surface
area of the boiler itself; however, this maintains focus on steady state conditions and
not on real dynamic operation. Performance factors such as start-up/shutdown
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sequences, standby and running losses are inherently dynamic. Start/stop losses,
associated with the switching on and off of boiler operation during a scheduled heating
period, become more significant with short cycles. Orr et al. reported an exponential
relationship? rising from 1.5% for 3 min boiler runtime to 11.8 % for 10 s runtimes.
The same study reported widespread underperformance of boiler systems, oversizing
of combination boilers and a correlation between low monthly load factor and
decreased efficiency.

Confirmation of the prevalence of oversizing and short operation cycles has
come from analysis of high frequency boiler diagnostic data, in this large dataset of
209 dwellings 20 % of boilers averaged less than 2.5 min per firing. A limited case
study found that 25 % of all firings for combi boilers were less than 2 min. Current
efficiency testing of boilers for space heating is conducted at steady state and the
representative efficiency, which is placed on the energy label, can be arithmetically
derived from two steady state load conditions with a weighted average. Tests are
conducted at maximum and 30 % power modulation levels using controlled flow and
return temperatures; the results are combined in a weighted average (30:70 maximum
to lower modulation measurement). In contrast, the efficiency measurement for the
DHW is based on a hot water demand (tapping) schedule (EN15502), which simulates
typical daily hot water demand schedules incorporating various tapings of different
flowrates and temperatures in the time domain and ensuring the dynamic response of
the boiler is captured.

To simplify the functional efficiency of a boiler and its system into a
representative value is a challenge, made more complex when such a value may be
utilized for multiple aims, e. g. product labelling, consumer comparison and
standardized building energy assessment (SAP). SAP uses the singular figure of the
Seasonal Efficiency of Boilers in the UK (SEDBUK) rating (if available in the Product
Characteristic Data Base (PCDB) as the starting point of its procedure to calculate gas
demand from the building heat load. Adjustments are made to decrease the assumed
efficiency of all boilers due to previously observed underperformance. Positive
adjustments are made according to other factors deemed beneficial to system
performance, such as low temperature emitters and modern controls. However, the
methodology inherits the assumption in the original SEDBUK efficiency that the boiler
efficiency can be derived from steady state measurements. Inclusion of real-world
dynamic behavior in the efficiency estimation of boilers can support improved energy
labelling, installation quality and reduced energy bills for consumers. Recent
simulations of the dynamic performance of heating systems have shown that
standardized, steady state, methods to estimate energy use do not accurately capture
the heat demand, supply and internal temperatures. However, the relationship between
the dynamic behavior of boiler-based heating systems and their efficiency has not been
widely studied. Dynamic simulation and field studies of heating system performance
can be used to investigate these relationships in detail, including their impact on
efficiency. Furthermore, potential mitigating strategies, for existing and future boiler
systems, can be explored, which may also pave the way for the next generation and
emerging heating systems in the UK, such as heat pumps, and the transition to low
carbon heating. This paper seeks to bridge the gap between observed boiler
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underperformance, dynamic behavior and boiler operating/installation parameters.
From within a simulation environment, the suspected important performance driver of
PSR was varied systematically to induce the cycling behavior previously seen in the
field and the impact on boiler efficiency quantified. The magnitude of
underperformance attributable to oversizing was assessed, possible mitigation
strategies discussed and methods for integrating the new knowledge into installer
practice and policy tools explored.

Methods

This paper systematically addresses, in a simulation environment, the efficiency
impact of boiler sizing, using the example of a common UK house type and explores
some means of mitigating the challenges of over and under sizing boilers. Simulated
heating operation addresses the widely reported intermittent heating schedule in UK
residential dwellings and the evidence of general oversizing of boilers, which is
associated with high levels of cycling. A boiler cycle is defined as an operational period
which contains both one central heating ON (>0 % modulation) period and one-OFF
period (0 % modulation), where the boiler operation is not interrupted by user
intervention in the form of hot water demand or similar. Since the simulation covered
only space heating operation, all cycles are categorized as central heating (CH) cycles
and are therefore determined by the interaction between the characteristics of the space
heating system and the building heat demand. The simulations performed aim to
strengthen the depth of understanding around dynamic behavior of domestic heating
systems and point the way to improving real-world performance. Below, firstly, the
simulation environment is discussed, followed by the simulation parameters for both
the house and the heating system.

BTSL Simulation environment: TRNSYS and Simulink

The BTSL (Building Technology Simulation Library) model is a fully dynamic
engineering model with a library of simulation blocks such as archetypes of buildings,
heating system components and users, which can be linked within the MATLAB
Simulink environment; the interaction of these elements is shown in Fig. 2. BTSL
operates as a co-simulation between TRNSYS building model and MATLAB-based
heating and user simulation. BTSL allows for modular creation of a building model,
whereby the heating system and building characteristics, user behavior and weather
can be chosen. The aim of such co-simulations is to allow developers to extend the
scope of simulations by adding simulation blocks of different types and depth to the
central building model. This type of hybrid simulation environment is also possible
with the popular Energy Plus building simulation software using the Building Control
Virtual Test Bed (BCVTB).
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BTSL

Boundary conditions
Building energy system

Evaluation outputs

Figure 2. Schematic representation of hierarchy in BTSL simulation environment

BTSL is a proprietary heating system emulation tool for product development at
Bosch Thermotechnology, developed from their previously validated LabHouse tool. It
has been developed and expanded to include a wide range of heating ventilation air
conditioning (HVAC) components such as radiators, thermostatic valves, heat
exchangers, cooling coils, fans and pumps: the depth of detail at which a user can
specify the heating system is a key advantage to BTSL over publicly available tools.
In addition, the transient behavior of the heating appliance is modelled through time
response parametrization, control feedback loops and the associated control
algorithms. This type of proprietary modular concept is used in industry to simulate
heating systems under a number of installation environments and verify performance
and control strategies. An analogous modular construction of simulation in the
MATLAB environment with a TRNSYS Building model has been suggested, which
served the purpose of evaluating the possible intervention options, building and HVAC
system, available in a building upgrade situation.

BTSL is designed to support the development of heating systems and their
controls and thus has a high level of flexibility with regard to the heating system library
block in Simulink, and uses an existing building model, TRNSYS, to simulate the
building fabric. The TRNSYS building model, known as “Type 56, is a modular
transient system simulation program which meets the general technical requirements
of the European Directive on the Energy Performance of Buildings, making TRNSYS
a potential candidate for compliance with the directive’s implementations in various
EU countries. BTSL is utilized in this paper to explore how a fully dynamic national
calculation method, such as the UK’s Standard Assessment Procedure, would reveal
interactions between boiler, PSR and controls. The model used here builds on previous
research into the dynamic performance of heating systems; utilizing the same building
model and many of the same heating system components the BTSL model was able to
reproduce SAP results, with some adaptation of simulation blocks. The modelling
strategy built on using dynamic inputs (weather, solar gain, setpoint temperatures) in
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dynamic representations of the physical elements of the building/heating system. Most
aspects were implemented using standard components of the library, such as the
dynamic weather, building and heating system models. Using this approach, the model
can draw directly on the same control algorithms implemented in Bosch heating
appliances and the thermal response characteristics of Bosch boilers.

House and heating system parameters

The chosen test case is a detached east-facing two-story house with an above
average standard of efficiency (C80 rated EPC) and equipped with a typical gas combi-
boiler heating system. The house model is the same as used in previous research within
the BTSL simulation environment. A summary of the building properties is listed
in Table 2.

The building, as modelling in TRNSYS within BTSL, was a simple four room
layout (two per floor) with the front room on the ground floor designated as the main
living space (30 % of total floor area as in Table 2). The construction comprises cavity-
filled walls (U =0.19W/m?K), dual-pitched warm roof (U = 0.13W/m?K), solid floor
(U=0.18W/m?K) and double-glazed windows (U = 0.12W/m?K), the overall building
thermal characteristics are in Table 2.

Table 2 — Selected building and heating system simulation parameters

Parameter Value Unit
SAP parameters
HLP (heat Loss Parameter) [1.3652 W/m2K
TMP (thermal mass 283 kJ/m2K
parameter)
TFA (total floor area) 100 m2
Living area (Zone 1) 30 m2
Window area 23 m2
Window orientation East —
Main heat source Gas Combi Boiler (Condensing
nominal
90 % efficiency, size varied in
simulations)
Modulation range 1:5
Setpoint room temperature 21 C
Heating schedule weekdays |07:00-09:00 16:00-23:00
Heating schedule weekends |07:00-23:00
Heating system emitter type |Radiators (sized according to 80/60
flow/return temperatures)
Heating system control Programmer, Room —
Thermostat and
Thermostatic Radiator
Valves (TRVS)
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The combi boiler was taken from the BTSL library, which uses a physically
representative model of the thermal characteristics, derived from the lab testing of a
major boiler manufacturer. The boiler model also includes all necessary ancillary
components, such as fans, pumps and control systems. Importantly for the analysis,
this includes real-world boiler control algorithms such as start-up sequences, ramp
rates, an anti-cycling control. This detailed model allows for realistic accounting for
the electrical energy consumed during boiler operation, which is then used in the
efficiency calculation together with the gas consumption. The control algorithms are
also representative of commercially available appliances in the UK,

Applying the UK standard SAP analysis to the simulated dwelling, the design
day heat load is 3.3 kW, used for PSR calculations in Table 3, which contains the range
of PSRs and control parameters simulated in the BTSL environment with the house
described in Table 2. The range of PSR was informed by the general observations of
installed combi boilers in the UK it ranges from highly oversized (PSR 8.5) down to
theoretically undersized boilers of PSR 0.5.

A PSR of 8.5 corresponds to a 28 kW boiler, a typical maximum thermal output
of combi boilers (corresponding to ~10L/min DHW capacity). Smaller sizes
(corresponding to PSR less than 8.5 in this simulated case) are not commonly included
in the product offerings of major manufacturers, because they are not able to provide
‘on demand’ DHW at a high enough flow rate to meet expected customer requirement.
The range of PSR used in this simulation does not include higher PSR than typically
installed for a property of the type modelled, but does include significantly lower PSR
than generally available, to explore its impact on operational efficiency (dictating the
minimum operational power level of the boiler).

Reducing the size of a boiler will increase the time taken for a dwelling to reach
thermostat set-point; therefore, ‘heat up optimization” was included in the simulation
options to investigate a possible means of compensating for boiler size. ‘Heat up
optimization’, available in some modern controls, interprets the heating schedule not
as the strict definition of heating system activity but as a literal interpretation of the
desired internal temperature and adjusts the operation of the heating system
appropriately. Heat up times are moved outside of the heating schedule, with the aim
of delivering the desired room temperature at the required time. This will inevitably
Increase the duration of heating system operation, impacting gas consumption, but may
reduce the need for oversizing, with consequent reductions in boiler cycling and
potential improvements in efficiency.
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Table 3 — Summary of parameter space covered by simulations

Parameter Options/Range Notes

Plant size ratio 8.5 Defined as:

Heat up optimization | 3.0 Ratio Of boiler rated
2.0 output/ building design
1.0 day heat loss at an
0.5 external  temperature
ON or OFF Of -2 °C, excluding

free heat gains.
Control algorithm which
activates the heating system
before the scheduled time in
order to achieve the desired
internal temperature at that
time, avoiding delayed heat

up.

Results

Simulations were carried out on the 10 parameter combinations listed in Table
3, for one full calendar year capturing the internal temperatures, heat demand, gas
consumption and the dynamic response of the heating system as displayed in a
representative January day in . Although the simulation was conducted for a full year,
this figure illustrates in a single day the impact of a high, 8.5 PSR, thermal output
boiler, with finite modulation range. The boiler does not operate at full power after the
first seconds of start-up and, after an initial heating up period, the boiler enters extended
periods of cycling characterized by repetitive periods of boiler operation separated by
boiler inactivity, on a timescale of minutes, seen more clearly in . In contrast, the PSR
1 system operates at full power continuously throughout the morning and evening
heating periods; the intermittent heating schedule is not suited to this low PSR: it is
undersized according to industry norms (CIBSE).
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Figure 3. January day, PSR 8.5 and PSR 1 boiler modulation levels
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Figure 4. Detail of boiler modulation on January day, PSR 8.5 and PSR 1

Cycling and efficiency

By aggregating over the simulated year, the predicted cycling behavior across
the PSR range can be compared, as shown in. It shows an increase in cycling behavior
as the PSR increases. also shows that the ‘heat up optimization’ algorithm increases

the number of observed cycles of boiler operation at a given PSR, which is explored
below.
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Figure 5. Cycles per day across PSR, with and without ‘heat up optimisation’

A heating system, which is continually and ideally matched to the changing
thermal demand of the dwelling throughout the heating season, following the
instantaneous heat demand, would be expected to average at most two cycles per day,
coinciding with the start and end of each heating period, with no cessation of heating
within the period. Such an appliance would need to be infinitely modulating within the
range of building heat demand and able to react instantaneously. shows that only the
smallest PSR of 0.5 results in continuous heating operation during the daily heating
periods. Over 50 cycles per day were observed in the PSR 8.5 simulation, a good match
to the median value of 53 from field data, Cycling is a clear symptom of oversizing of
the heating system with respect to the building heat demand. The defining features of
the modern heating systems that contribute to this undesired behavior are sizing and
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control. The boiler is unable to modulate sufficiently low to match the required demand
for heat due to both the oversizing of the boiler with respect to the building heat demand
combined with its finite modulation range, where the minimum output is set as a fixed
percentage of maximum output. In the case of combi boilers, this is dependent on peak
hot water demand, not space heating. Control of the boiler modulation also plays a role
and simple on/off thermostatic control can limit the ability of a boiler to match the
space heating requirement in cases where the modulation range allows it. The duration
of the heating operation period also plays a role, as discussed above, with a higher PSR
required to meet the additional power requirements of warming up the building after
enforced intermittent operation from the heating schedule. The impact of PSR on
efficiency (accounting for gas and electrical consumption of the appliance) was
investigated, see Fig. 6, showing that in these simulations the system efficiency
decreased as PSR increased, corresponding to an increase in cycling behavior.
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Figure 6. Net heating value boiler efficiency across PSR, with and without heat up
optimization

Optimum efficiency of boilers is reached during sustained steady state
conditions with low water temperature in the heating circuit. For intermittent heating
and variable external temperatures, the interplay of operational parameters becomes
more complex and it is generally held that longer operating times can be conducive to
improved efficiency due to the lower impact of standby losses and the potential® for
lower average flow temperatures coming from the boiler and returning from the
radiators. However, despite the longer running times, Fig. 6 shows that the net
efficiency effect of the *heat up optimisation’ function is marginal, with less than 0.5 %
difference in efficiency for PSR 0.5 and no difference at the largest PSR of 8.5.

Internal temperature and energy demand

In intermittent operation, it is striking that an oversized boiler system, with PSR
of 8.5, is unable to reach the required internal temperature for most of the 2 h long
morning heating period during cold weather, as shown in Fig. 7. All smaller boilers in
the simulations also failed to meet the setpoint temperature in the morning heating
period. The PSR 1 boiler, for example, would have been unable to deliver reasonable
comfort throughout the colder winter days, also shown in Fig. 7.
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Figure 7. Internal living area and external air temperature for SAP and PSR 8.5, PSR
1 without “‘Heat up optimization’

The alternative control strategy, to simple intermittent boiler timing, considered
here is the ‘heat up optimization’ function, which aims to heat the property to achieve
setpoint during the specified hours. This can lead to the boiler operating hours earlier
than if it only operates at the start of the heating schedule. Heat up optimization requires
an estimate of the thermal properties of the building, and by extending the heating
period, it counterbalances the effect of intermittent heating, reducing the need for boiler
oversizing, as shown in Fig 8. The longer running hours of systems with heat up
optimization are successful in delivering more consistent internal temperatures, close
to setpoint in operating hours, than those using a standard intermittent schedule (Fig.
7).

The relationship between energy demand and the mean internal temperature
(MIT) of the property, for different PSR, with and without heat up optimization is
shown in Fig. 9. Simulations with a fixed heating schedule and no heat up optimization,
shown in red, show a steady increase in gas demand with MIT for PSR 0.5 to 2. This
Is associated with an increase in boiler output achieving higher temperatures during the
schedule; with a corresponding increase in energy demand, the reduction in efficiency
(Fig. 6) has only a small effect. However, for PSRs greater than 2, the drop-in
efficiency is clear: there is no significant change in internal temperature despite an
Increase in gas demand.
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Whilst low PSRs of 1, 0.75 and 0.5 delivered the highest efficiencies (Fig. 6),
when constrained by a fixed heating schedule, with the resultant intermittent heating,
they were unable to provide enough heat to raise the room temperature to the desired
setpoint. This led to a corresponding drop in MIT and heat energy delivered. However,
the ‘heat up optimization’ function has overcome this issue, leading to a longer
effective heating period and delivering higher MIT than the simulations without this
feature (Fig. 9). Importantly, the results for heat up optimization control show that the
same MIT is provided at an increasing efficiency as the PSR decreases, offsetting the
increased operational periods. Thus, the dwelling can achieve higher mean internal
temperature with less energy demand by operating longer.

Discussion

The oversizing of boilers is endemic in the UK stock, and therefore the
associated efficiency reduction caused by on/off cycling is likely to be systemic,
causing widespread underperformance of boiler heating systems. The simulations with
lower boiler thermal output ranges and PSR better matched heat demand and supply
across a year. However, whilst this improved efficiency, it did so at the expense of
thermal comfort: the dwelling did not achieve setpoint temperature during the morning
heating period for this intermittent schedule. Indeed, even with a PSR of 8.5, the
internal temperature did not achieve setpoint for significant parts of the schedule. A
key cause of this inability of the heating system to meet the demanded temperatures is
the ability to distribute heat throughout the property: it is limited by the pump flow
rate, pipework and the size of emitters. Increasing emitter size is likely to improve the
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system’s ability to deliver the demanded temperature, although the potential impact on
cycling, and efficiency, is not clear but should be considered in the context of hydraulic
parameters such as pump control, hydraulic balancing and thermostatic radiator valves.

The property simulated in this study has above average thermal performance, in
EPC band C, score 80, with a heat loss of 136 W/K compared to an average in the UK
of approx. 300 W/K. The link of PSR to efficiency enables the detrimental efficiency
effect of cycling across houses with different heat loss (either through construction or
retrofit) and across seasons to be estimated since both can be interpreted as a change
in effective PSR. A property with the same number of occupants and bathrooms, but
worse levels of insulation, would have the same water heating demand, used to set the
boiler size, but higher space heat demand. Such lower insulated properties would, in
effect, have a smaller PSR and therefore experience less boiler cycling, and lower
associated efficiency reduction; however, they would still experience significant
penalty. The findings of this research have implications for policymaking, and the way
policies are manifested through regulations. Real boilers are classified according to
their measured efficiency and are required to have an energy label (EuP legislation)
displaying the rated efficiency. Measurements are made under steady state conditions
in the laboratory with fixed flow and return temperatures at maximum and 30 %
modulation level according to the current standard. A weighted combination of these
efficiency values is made to display on the energy label or use in national calculation
models such as SAP for the creation of EPC. Although such measurements are not
meant to be accurate predictions of real-world performance, they should be indicative
of the relative benefits of products in the case of EuP labelling, and of system
performance, in the case of EPCs. The results here show that the same boiler type can
operate at significantly different efficiencies according to its relative size compared to
the building heat load. Adjusting the boiler efficiency according to its relation to the
expected heat demand, for example from a SAP estimate, would improve the accuracy
of boiler energy labels and the resulting building energy calculations. Incorporating the
PSR and modulation range into the SAP methodology, and the resulting EPCs, could
be simply undertaken without extra or time-consuming assessment criteria. The make
and model of boiler is already collected as part of the assessment of the heating system,
supplementing this with the boiler size (both minimum and maximum thermal output)
from the boiler data plate or documentation would facilitate estimation of its ability to
match the building heat demand. The efficiency losses associated with a consequent
boiler cycling may then be estimated, either using a standard adjustment curve, or
ideally by using the testing results for the specific boiler. Similarly, SEDBUK ErP
labelling may be modified to support improved performance across wider power
ranges, lower than the 30 % minimum modulation currently used, to better match heat
demand. Such measures may incentivize the installation of lower power boilers,
combined with appropriate controls, such as heat up optimization, as well as incentivize
manufacturers to produce heating systems capable of operating at high efficiency
across a range of outputs that relate to the real heat losses of dwellings.

Even a moderate increase of boiler stock efficiency can have significant carbon
abatement potential, in the UK approximately 3000 GWh of gas is saved per 1 %
Improvement, equating to 612 MtCO, per annum: a significant low-cost saving on the
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way to net zero carbon. Besides the ‘quick win’ carbon saving potential with the
existing stock of boilers, the relevance of correct heating system sizing is even more
relevant for low carbon heating technologies. The efficiency of systems such as heat
pumps is known to be more sensitive to system specification than boilers; bringing in
measures of system performance grounded in real-world operation, and tools to support
their optimization, will support the transition to low carbon heating.

Conclusions

This paper investigates the potential for reducing the energy required to heat
homes with boilers, the dominant heating technology in the UK, by addressing their
sizing, control and system specification. Dynamic simulation of the heating system,
and the building within which it is located, has been undertaken to investigate causes
and potential solutions to system underperformance. In particular, this research focuses
on the link between the space heating oversizing of boilers and on/off cycling.
Simulations of the dynamic performance of boiler heating systems within a UK
dwelling have shown that typical oversizing (PSR 8.5, 28 kW boiler) resulted in over
50 unnecessary CH cycles per day (corresponding closely with field observations of a
median of 53°) and efficiency of less than 88 %. The modelled efficiency of the PSR
8.5 boiler system is 4 % lower than minimum Part L Building Regulation requirements
on which carbon budget projections and SAP assessment are made, and is associated
with a minimum modulation level that is significantly higher than the heat demand for
the house in most external conditions. Reducing this PSR to 1, thereby also lowering
the minimum modulation level by a factor of 8.5, was found to improve efficiency by
4 %, ~92 % efficiency, with further efficiency improvements associated with lower
PSR. Simulations for low PSR boilers may not deliver the required internal
temperatures throughout the year, but illustrate the impact of minimum modulation
level on the system efficiency. This loss of efficiency, caused by a mismatch between
the building heat demand and the minimum modulation level at which the boiler can
operate, is associated with repeated on/off cycling, which increases electrical losses
associated with necessary start-up/shutdown sequences and reduces condensing, due
to the inconsistent return temperature. The link between on/off cycling and efficiency
enables the former to be used as a proxy for good system operation, and, as a simple
parameter to measure, may be employed to diagnose performance issues in the stock.

Whilst efficiency is an important metric of heating system performance,
CO; emissions and energy bills are dependent on total gas consumption: system
efficiency must be combined with the duration and power of operation. Additionally,
the function of the heating system should be to adequately fulfil the occupant(s)
comfort requirement and deliver the expected internal temperatures, regardless of the
theoretical efficiency of the system. The heating system should be designed and
operated to maintain the minimum required internal temperature for the lowest end
energy demand.

The simulated results show that, in the case of the building modelled, a boiler
sized closer to a PSR of 1 with heat up optimization would be able to maintain a mean
internal temperature at the level requested, better achieving the morning heating
setpoint (Fig. 7 and 8), for a lower energy consumption than an oversized boiler with
PSR 8.5 and without heat up optimization. This suggests that installing a boiler with
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PSR significantly smaller than typical, or with a lower minimum modulation level, but
using heat up optimization, would be preferable in terms of emissions and achieving
thermal comfort. Simulation of the impact of decreasing the lowest heat output of
boilers on total national carbon emissions is the subject of further research, which could
be achieved through widening modulation ranges of appliances or curbing the trend for
oversizing based on peak DHW demand. All options to address this issue depend on
the thermal properties of the stock, the characteristics of existing boilers, and
assumptions of the heating use. The decrease in energy use associated with lower PSR
boilers and heat up optimization leads to both raised internal temperatures outside the
heating schedule and to a decreased capability to deliver on demand hot water. Whilst
increased temperatures outside heating schedules may deliver some advantages to
occupants, studies of hybrid heat pumps and heat pumps have highlighted potential
sleep disruption from warmer night time temperatures; mitigation strategies may be
required. The rate of hot water delivery from low PSR combi boilers may also be
insufficient to meet consumer demands, falling below the sizing guidelines currently
employed, requiring the use of water storage, with associated space requirements, to
deliver the required flow rate.

Fundamental hardware issues of plant size have lasting implications for the
efficiency of the system and simple measures, such as software and changed schedules,
will not be sufficient to compensate for a problematic underlying system specification.
For example, extending the anti-cycle time (the parameter which defines minimum
time between starts) may alleviate the problem slightly but risks inadequate heating
control and customer dissatisfaction.

Regulation informs and restricts the development of the technology it governs
(such as the step change to condensing boilers in the UK in 2005), a failure to address
the real performance of a technology in regulations, as for boiler efficiency labelling,
may lead to its optimization for the laboratory, rather than the home. Disparities
between real-world performance and reported efficiencies of heating appliances have
been widely reported, and boilers are no exception. Crucially for consideration here,
the reported underperformance of up to 10 % has not been linked to a particular root
cause and has been taken as a systematic underperformance when integrated into policy
instruments such as SAP and EPCs. The results of the simulations presented in this
paper highlight the minimum modulation power, set by the plant size ratio, as a major
contributing factor to the boiler performance gap, with implications for the policies and
practices governing heating systems.

(University College London, London, UK, 2020, First Published May 22, 2020)
URL.: https://journals.sagepub.com/doi/10.1177/0143624420927352
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Article 3

Task 1. Read the text below.

Study of novel solar assisted heating system
(by Gareth Davies, John Blower, Richard Hall, Graeme Maidment)

Abstract

The potential for energy, carbon dioxide equivalent (CO,e) and cost savings
when using low emissivity (low-g) transpired solar collectors (TSCs), combined with
heat pumps in a range of configurations, has been investigated using computer
modelling. Low-¢ TSCs consist of metal solar collector plates with a spectrally
sensitive surface, perforated with holes. Ambient air is drawn through the holes and
heated by convection from the solar collector plate, increasing the air temperature by
up to 25 K. The heated air can be used for e.g. space heating, or pre-heating water in
buildings. The models developed have been used to compare the performance of low-
¢ TSC/heat pump heating systems in small and large buildings, at a range of locations.
The model results showed savings in energy, COe and costs of up to 16.4 % when
using low-g TSCs combined with an exhaust air heat pump compared with using the
exhaust air heat pump alone.

Practical application

If the UK is to meet its target of reaching net zero greenhouse gas emissions by
2050, it will be necessary to adopt low or zero carbon heating technologies. The novel
low emissivity transpired solar collector device investigated can contribute to this. Its
advantages include: (i) utilizing solar radiation; (ii) readily integrated with existing
heating systems e.g. heat pumps; (iii) significant energy, CO2e emissions and cost
savings; (iv) low cost device; (v) minimal energy input i.e. one small fan; (vi) can be
retrofitted to existing buildings; (vii) its benefits were applicable at all of the (wide
range of) locations tested.

Keywords

Transpired solar collector, heat pump, low carbon, building heating, energy,
carbon and cost

Introduction

The UK Government has recently set a new climate change target of reaching
net zero greenhouse gas (GHG) emissions by 2050. Since 1990, the UK has reduced
its carbon emissions by 43 %, mainly as a result of carbon reduction measures in the
power sector, however, significantly more radical solutions and technologies will be
needed to meet the new target of zero emissions by 2050. One area of focus will need
to be heating, as this accounts for approximately one third of the UK’s carbon
emissions and about half of its energy consumption. In 2018, the European
Environment Agency reported that the UK has one of the lowest shares in Europe for
the use of renewable energy for heating and cooling i. e. 7 %. There is therefore an
urgent need for alternative, flexible, low or zero carbon, renewable energy systems for
use in buildings. Transpired solar collectors (TSCs) are one such technology, which
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can be used to facilitate the capture of solar thermal energy for heating in buildings.
TSCs consist of metal plates, with a spectrally sensitive surface, which absorb solar
radiation, raising their temperature. The plates are attached to a south facing (in the
northern hemisphere), vertical wall of a building, such as to leave a small air gap, and
sealed at the edges, to form a plenum i.e. a thin box, or cladding. The collector plate is
perforated with many small holes drilled in its surface, through which ambient air is
drawn, by a small fan, into the plenum. There, the air is heated by convection from the
collector plate, increasing its temperature by up to 25 K. The heated air flow can then
be used e.g. for space heating or for pre-heating hot water within the building. The air
temperature increase achieved depends on the environmental conditions, the solar
collector plate design e.g. distribution of perforations and surface coating, and the air
flow rate and face velocity of the air at its surface. The coatings used by the current
generation of TSCs are generally of high emissivity, which although achieving high
absorption of solar radiation, are also subject to high radiation heat losses to the outside
environment. However, new spectrally selective, low emissivity (low-g) coatings have
been developed, which enable the collector’s absorptivity to be maintained, while
minimizing re-radiation to the environment. This results in higher collector plate
surface temperatures and generates higher output air temperatures.

TSCs generally form part of a building’s cladding and due to their simple,
unglazed construction can be installed at low additional costs relative to standard
claddings, often with a marginal cost of below £50 per m2. Installations have typically
achieved simple paybacks of less than 7 years. The paper reports the results of an
investigation by computer modelling of the potential of low-& TSCs to provide solar
enhanced heated air for delivery to buildings via ventilation systems. The increase in
air temperatures obtained from the TSC varies with the solar radiation available i.e.
from minute to minute, as well as daily and seasonally, and is only available during the
day. Therefore, for an effective heating system, the TSC needs to be combined with
another heating system which can be used to meet the building heat demand at other
times. In this study, the heated air generated by the TSC has been used as a heat source
for an air source heat pump, which is then used to meet the space heating demand
profile of a building. A number of configurations for combining the TSC with the heat
pump have been evaluated, and compared to the case, where the TSC is not used, to
investigate its potential benefits. Traditional (high- €) TSCs have been combined with
ventilation air heating systems and evaluated previously e. g., and the present authors
have reported the use of low-¢ TSCs with ventilation heating systems applied to a
domestic house, and a warehouse. However, the current study evaluates the effect of
building size, comparing small and large buildings, and investigates the effect of
environmental conditions on the performance of the TSC, by applying the model at a
wide range of locations.

Methodology

The evaluation of the performance of a number of configurations of TSC-heat
pump building heating systems was undertaken using a modelling approach,
employing Engineering Equation Solver (EES), a commercial software tool. The
performance of the overall heating system was simulated using a series of simultaneous
equations to define the relationships between the parameters needed to describe the
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system. Input data for parameter values e.g. temperatures, fluid flow rates and thermal
properties, were provided, and the software used to predict a number of unknown
parameter values, such as the total electrical energy input to the system and the
efficiency for the heat pump. In fact, to simplify the solution process, the overall
heating system was divided into a number of component modules, which were then
solved in sequence, in order to evaluate the overall performance of the system. The
components included: (i) a TSC model; (ii) a building heat demand model; (iii) a heat
pump model; (iv) a control model. The control model was needed to define the order
for solving the various component models, and to switch the heat pump on and off, as
required, for different input conditions. Details of the various component models are
provided in the following sections.

Transpired solar collector (TSC) model

In this study, the heated air generated by the TSC device was ducted to a
building, either to provide heated ventilation air directly, or to be used as a heat source
for a heat pump. There was also a bypass opening in the TSC to permit ambient air to
be used directly for ventilation, when solar heated air was not required. The volumetric
air flow rate through the TSC was set equal to the ventilation air flow rate, which was
calculated in the building heat demand model.

In earlier studies, it was found that a collector plate face velocity in the range
0.02-0.05 m/s was needed for effective operation of the TSC. By using the volumetric
air flow rate through the TSC and dividing by the face velocity at the surface of the
collector plate (selected to be 0.021 m/s for the current model), the required collector
plate area could be calculated. In each case, the collector plate area was estimated to
be substantially less than the available area of the selected building wall.

In an earlier study, it was found that an air temperature increase of 20 % could
be obtained using a spectrally sensitive low emissivity coating for the collector plate
compared with high emissivity plates, for the same absorptivity surface. For each of
the models in the current study, a surface absorptivity of 0.9 and an emissivity of 0.2
were assumed. Further details of the TSC model have been provided previously. A
schematic of a transpired solar collector together with the energy balance at the
collector plate surface is shown in Fig. 1.
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Figure 1. Transpired solar collector (TSC) (a) Schematic of TSC; (b) Energy balance
at collector plate surface
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In Fig. 1(b), a is the absorptivity of the solar collector plate surface, A is the area
of the plate, G+ is the solar global radiation per unit area, hyq is the linearized radiation
heat transfer coefficient, which also incorporates the emissivity of the surface, and
Teor 1S the temperature for the solar collector surface. On the inside of the enclosure, m
Is the mass flow rate of the air, which enters at ambient temperature Tamp. C, IS the
specific heat capacity of the air flowing through the enclosure, and Tou is the
temperature of the air at the outlet. HEE is a heat exchange effectiveness coefficient
which takes account of the convective heat transfer from the collector plate to the
air. The pressure drop through the collector plate was determined using a scaling factor
used to model square pitch perforations. The energy balance for the collector plate is
shown in equation (1)

m CpHEE(Tcol-Tamb) = a AGT—Ahrad(Tcol—Tamb)
The heat exchange effectiveness coefficient (HEE) is defined by equation (2)

HEE = (Tout - Tamb)
(Tcol - Tamb)

In equation (1), the main (variable) inputs needed were weather data parameters
e. g. for air temperatures and solar radiation. These were obtained from a weather
database, for a location in the London Borough of Islington, which had been selected
as a potential trial site for a prototype system. The weather data consisted of hourly
values for ambient air temperature, ground temperature, sky temperature, air pressure,
relative humidity, wind speed, global radiation on a south-facing vertical plane and
global radiation on a horizontal plane. The overall mass air flow rate m"m" through the
TSC was determined from the building heat demand model. The TSC model was then
used to calculate the hourly variation in the solar collector output air temperatures.

Building heat demand model

A building model was developed to estimate the building space heating demand
to be met by the heating system employed. It consisted of a simple air ventilated
building, subject to heat losses through the building fabric due to the difference
between the internal set temperature and the seasonal variation in outside
environmental conditions, and heat losses from the exhaust ventilation air leaving the
building at the internal building set temperature. To maintain the set temperature within
the building, it was assumed that the required quantity of heat was added via the
ventilation air supply, by raising its temperature, as appropriate. The ventilation air
mass flow rate was calculated, based on the internal volume for the building and
number of air changes per hour selected. The heated ventilation air supply at the
appropriate temperature was generated using an air source heat pump, and
supplemented by the TSC heated air. When the TSC heated air temperature reached
the ventilation air temperature indicated from the building heat demand model, the heat
pump could be switched off and the heated ventilation air supplied by the TSC alone.

The building model assumed the building to be a rectangular box, with no
internal structure, and to be heated by a single ventilation air heating system to a
common temperature throughout. Two building sizes were considered, namely a small
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domestic building e.g. a house, and a large warehouse building. To calculate the heat

demand for the building (at any particular time), the following assumptions were used:
In Table 1, the ventilation exhaust heat loss coefficient was calculated as the product
of the mass flow rate of exhaust air and specific heat capacity.

Table 1 — Building heat demand model parameters used

Value Value
(Domestic  |(Warehouse)
Parameter house)
Building 10 10 44.72 44.72 20
dimensions (m) 1000 40,000
\Volume (md)
Single internal space i.e. no internal —
structure was considered, for the
purposes of the model
Ventilation rate (air changes per hour) 2
Building internal set temperature T (C) 22
Fabric heat losses i.e. through the walls, 860 30,168

floor, roof, windows and doors, were
defined by their overall heat transfer
coefficient U and area A values, and
these together with the ventilation
exhaust heat loss coefficient, were
compounded into a single heat loss
coefficient HLC (W/K)

Building fabric U values®® (W/m?K) Walls  0.18

Floor 0.13
Roof 0.13
Windows and doors 1.4

% of front and back walls (only) occupied by 140
windows and doors
Ventilation air mass flow rate (kg/s) 0.56 26.6
Specific heat capacity (J/kg K) 1019
Temperature difference DT between the inside [Tset-Tamb
building, air set temperature Tand outside
ambient air temperature Tamp (K)

Total heat loss for the building HLC DT
(equal to the total building heat
demand) Qgemand (W)

Using the assumptions in Table 1, and hourly ambient air temperatures, the
model was used to determine the seasonal heat demand profile for the building.
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Heat pump model

The heat pump model was simulated as a single stage air source heat pump using
a series of thermodynamic balance equations to link the input and output parameters
and performance of each of its components. Input data for the various components were
specified for the model, and the equations then solved iteratively to predict selected
outputs and the overall performance of the heat pump. The model comprised three main
component sub-models, namely a single stage compressor, and finned tube air to
refrigerant evaporator and condenser heat exchanger models. The condenser heat
output capacity (which was matched to the hourly varying building heat demand) was
used as input for the heat pump model, which then predicted the compressor swept
volume and the electrical energy input to the compressor. It was assumed that a variable
speed compressor was used, such that the capacity of the heat pump could be varied in
line with the building heat demand, in order for the heat pump to take advantage of the
rapidly varying input air temperature conditions provided by the solar collector output.
Key inputs for the heat pump model were: (i) the condenser output capacity required;
(i) the condenser output air temperature needed; (iii) the TSC output air temperature;
(iv) the volumetric flow rate for the air over the heat exchangers, which was defined
by the ventilation air flow rate required for the building; (v) the condenser air on
temperature, which for some configurations was ambient air, and for others was TSC
heated air (vi) the evaporator air on temperature, which for some configuration options
was ambient air, and for others was TSC heated air, or the exhaust air from the building
(i.e. enabling it to operate as an exhaust air heat pump). When the TSC heated air
temperature was greater than the ventilation air temperature needed, while the ambient
air temperature was less than the required ventilation air temperature, it was assumed
that the TSC heated air could be mixed with the ambient air to produce the required air
temperature, and used directly for the ventilation air supply. In this case, the heat pump
would be switched off.

Control model

A key requirement for the operation of the heat pump sub-model within the
overall TSC-air source heat pump-ventilation air heating system model, was a control
sub-model. This was used to determine whether the heat pump was switched on or off
at any particular time/set of input conditions, and to read the key parameter inputs for
the heat pump model, from the building heat demand and TSC models. It was also used
to provide appropriate guess values for iterative solving of the equations defining the
heat pump model, in order to facilitate convergence. In addition, it controlled the
sequence for execution of each of the sub-models i. e. the building heat demand model,
TSC model, and heat pump model. At any particular time (i.e. time step), the heat
required to meet the building heat demand could be derived from several sources,
namely: (i) directly from the TSC output air flow; (ii) after upgrading the TSC output
air temperature with the heat pump; (iii) directly from the outside ambient air. It was
therefore necessary to provide a control algorithm for selection of the most appropriate
heat source. A further consideration was that in some cases, very large temperature
differences between the ventilation inlet air and the internal building air temperature
were needed to meet the highest building heat demands, and this was undesirable with
respect to the thermal comfort level within the building. Therefore, the temperature
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difference between the ventilation inlet air delivered Tgeivery and the building air set
temperature Te: was limited to 8 K. This was also accounted for in the control model.
If more heat was needed to meet the building heat demand than could be achieved by
the ventilation air, with this limited temperature difference (and since the ventilation
air flow rate was fixed), it was assumed that the difference in heat capacity was made
up by an electric heater (with 100 % efficiency) located within the building. The cost
and carbon emissions associated with this additional electricity input needed to meet
the building heat demand were also calculated, and added to the totals for energy,
carbon and cost inputs for the heating system.

Ventilation heating system configurations modelled

In Fig. 2, TSC is the transpired solar collector and HP is an air source heat pump.
The four heating system configurations shown were each modelled with: (i) the TSC
In operation; and (ii) in bypass mode, where ambient air only was provided.
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Figure 2. Ventilation air heating system configurations modelled. (a) Electric heating
of building only; (b) Heat pump with ambient or TSC air onto condenser, ambient air
onto evaporator, and electric heater top-up; (c) Heat pump with ambient or TSC air
onto condenser, exhaust air onto evaporator, and electric heater top-up; (d) Heat
pump with ambient air onto condenser, ambient or TSC air onto evaporator, and
electric heater top-up

For the three configurations using heat pumps shown in Fig. 2, where either the
ambient air or TSC heated air temperatures reached or exceeded the building heat
demand ventilation air temperature required, the heat pump was assumed to be
switched off within the model.
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Results

The results from the modelling work are presented in the following sections.

TSC model

TSC heated air temperatures

Fig. 3 shows the results for seasonal variation in TSC heated air output
temperatures in comparison with ambient temperatures, predicted by the model.
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Figure 3. Annual temperature profile for TSC outlet air for London location

It is seen that there was a significant increase in temperature for the TSC outlet
air compared to ambient air, of up to 25 K, however, the TSC outlet air temperature
increase varied significantly (in the range 0-25 K) from hour to hour. It should be noted
that the air temperature profiles both with and without the TSC were effectively
identical for the small (domestic) building and large (warehouse) building.

Rise in air temperatures in TSC

A comparison of the rise in air temperatures in the TSC for the four different
locations considered, namely London, New York, Stockholm and Southwest Florida is
shown in Fig. 4.

The profiles for temperature rise in the TSC were distinctly different for the four
different locations. In most cases the maximum temperature rise in the TSC was of the
order of 25 K, although some slightly higher temperature rises of up to 28 K were seen
for the New York location, in winter. For the London location, temperature rises were
of the order of 20-25 K for most of the year, but were reduced to approximately 16—
18 K for about 1000 h in the middle of summer. The temperature rise profile in the TSC
for the Stockholm location also showed increases of 20-25 K for most of the year, but
with no reduction in summer.
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Figure 4. Temperature rise in TSC at four locations. (a) London; (b) New York;
(c) Stockholm; (d) Southwest Florida

However, the Stockholm location showed reduced temperature rises of 12—-15 K
for approximately 1000 h in the middle of winter. In contrast, for the two USA
locations i.e. New York and Southwest Florida, the temperature rise in the TSC was
highest in winter, but decreased steadily to a minimum in the middle of summer. The
minimum temperature rise in the TSC for the New York location was approximately
14 K, while for the Southwest Florida location it was approximately 7 K.

Comparison of small (domestic) building and large warehouse building

The annual building heat demand profile for the small and large buildings
considered, both for the London location, are presented in Fig. 5. The figures show the
daily variation in heat demand for each building in kWh, over a year. The heat demand
values predicted by the model are based on the ventilation air mass flow rate, the set
temperature selected for the building, and weather data, and depend particularly on the
outside, ambient air temperatures.
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Figure 5. Seasonal variation in building heat. (a) Small domestic building (house); (b)
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In Fig. 5, the daily heat demand, follows a sinusoidal trend over the year, with
the highest heat demand, of approximately 400 kWh per day for the small domestic
building and 16,000 kWh per day for the large warehouse building occurring during
the winter months. In each case, the heat demand then decreases to a minimum level
of 0 kWh at times during the summer months, although varying by up to 100 KWh for
the small building and 4000 kWh for the large building from day to day, throughout
the year.

The building heat demand models were used to predict the temperatures needed
for the ventilation air supplied to the building, in order to replace all of the heat losses
from the building i.e. to match the heat demand value, on an hourly basis, throughout
the year.

Comparison of building heat demand profile at four locations

A comparison of the building heat demand profiles for the large warehouse
building at the four locations considered, namely London, New York, Stockholm and
Southwest Florida are shown in Fig. 6.

Comparing the building heat demand profiles for the four locations, on an hourly
basis, for the large (warehouse) building, using the same axis scaling for each graph,
showed some distinct differences. For the London location, the hourly building heat
demand varied sinusoidally from a maximum of 600 kWh in winter to a minimum of

0 kWh, at times, in summer, although with an average heat demand of approximately
100 kWh for 2200 h i. e. three months, in summer.
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Figure 6. Comparison of building heat demand profiles for warehouse building for
four different locations. (a) London; (b) New York; (c) Stockholm; (d) Southwest
Florida

In contrast, for the New York location, a larger amplitude sinusoidal variation
was seen, with a maximum building heat demand of 1000 kWh in winter decreasing to

a minimum of 0 kWh in summer, with an average heat demand of 0 kWh for 1500 h

66


https://journals.sagepub.com/doi/full/10.1177/01436244211008689
https://journals.sagepub.com/doi/full/10.1177/01436244211008689

I. . 2 months, in summer. For the Stockholm location, a building heat demand profile
combining parts of both the London and New York profiles is seen, with a maximum
of 1000 kWh in winter, a minimum of 0 kWh in summer, but with an average heat
demand of approximately 150 kWh for 2200h 1. e. 3 months, in summer. The
Southwest Florida location shows a much lower heat demand than for the other
locations, with a maximum of 500 kWh in winter, but zero heat demand for 3000 h 1. e.
4 months, in summer.

Results for heat pump model and analysis

A summary of the heating system configurations considered is shown in
Table 2.

Table 2 — Air ventilation heating system configurations

ConfigurationDescription

1 Electric heater only

2 Heat pump heating, TSC or ambient air onto condenser, ambient air
only onto evaporator

3 Heat pump heating, TSC or ambient air onto condenser, building
exhaust air onto evaporator

4 Heat pump heating, ambient air only onto condenser, TSC or ambient
air onto evaporator

The outputs from both the TSC model and building heat demand model, together
with hourly ambient air temperatures, derived from the weather data, were used as
inputs for the heat pump model. The model was then used to determine the total
electrical energy needed to supply both the heat pump compressor and heat exchanger
fans, together with any additional top up by the electric heater if required, in order to
meet the required heat output capacity and ventilation air delivery temperature.

The overall electrical energy used by the ventilation air heating system was then
used to calculate the corresponding CO.e emissions and estimated cost for the
electricity, for each of the configurations considered both with and without the TSC
heated air in operation. Assumptions used in calculating the carbon dioxide equivalent
(CO4e) emissions and costs were: (i) an electricity carbon factor of 0.2555 kg CO-e per
kWh of electricity used; and (ii) a cost for electricity of £0.155 per kWh of electricity.

Comparison of performance of four heating system configurations for small
domestic building

A comparison of the results for electrical energy input, CO,e emissions and costs
for the four heating system configurations for the small, domestic building, at the
London location, are shown in Fig. 7.
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Figure 7. Energy, carbon emissions and cost savings with TSC for four heating
system configurations for small, domestic building (house), located in London, UK.
(@) Annual electrical energy input; (b) Annual CO2e emissions; (c) Annual costs;
(d) % Saving

It is seen in Fig. 7 that the heating system configuration with the lowest electrical
energy use, CO.e emissions and costs was configuration 3 i. e. the exhaust air heat
pump. This system also demonstrated a further benefit of an additional energy,
emissions and cost saving of 14.4 % from using the TSC device. The electrical heating
only system (configuration 1) showed similar % savings when using the TSC, however,
its overall energy use was much greater i.e. of the order of three times that of the heat
pump-based heating systems (configurations 2, 3 and 4). Considering the other two
heating system configurations, for configuration 2, the standard heat pump system with
TSC heated air directed onto the condenser, the energy input was a little higher than
for the exhaust air heat pump (configuration 3), and the % saving with the TSC
marginally lower i. e. 13.8 %. However, for configuration 4, the standard heat pump
with TSC heated air directed onto the evaporator, while the energy input was similar
to configuration 2, the % saving with the TSC was significantly lower i. e. 9.6 %.

Comparison of performance of four heating system configurations for large
warehouse building at four locations

The four heating system configurations at the four locations considered i. e.
London, New York, Stockholm and Southwest Florida were compared, for the large
warehouse building. The results for annual electrical energy input for each heating
system configuration at the four locations are shown in Fig. 8. It is seen in Fig. 7 that
the heating system configuration with the lowest electrical energy use, CO,e emissions
and costs was configuration 3 i. e. the exhaust air heat pump. This system also
demonstrated a further benefit of an additional energy, emissions and cost saving of
14.4 % from using the TSC device. The electrical heating only system (configuration
1) showed similar % savings when using the TSC, however, its overall energy use was
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much greater i.e. of the order of three times that of the heat pump-based heating systems
(configurations 2, 3 and 4). Considering the other two heating system configurations,
for configuration 2, the standard heat pump system with TSC heated air directed onto
the condenser, the energy input was a little higher than for the exhaust air heat pump
(configuration 3), and the % saving with the TSC marginally lower i.e. 13.8 %.
However, for configuration 4, the standard heat pump with TSC heated air directed
onto the evaporator, while the energy input was similar to configuration 2, the % saving
with the TSC was significantly lower i. e. 9.6 %.

Comparison of performance of four heating system configurations for large
warehouse building at four locations

The four heating system configurations at the four locations considered i. e.
London, New York, Stockholm and Southwest Florida were compared, for the large
warehouse building. The results for annual electrical energy input for each heating
system configuration at the four locations are shown in Fig. 8.
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Figure 8. Annual electrical energy inputs and % Saving for four heating system
configurations for warehouse building at four locations. (a) Annual electrical energy
— London; (b) % Saving — London; (c) Annual electrical energy — New York; (d) %

Saving — New York; (e) Annual electrical energy — Stockholm; (f) % Saving —

Stockholm; (g) Annual electrical energy — Southwest Florida; (h) % Saving —
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It is seen in Fig. 8, that the pattern of annual electrical energy input values for
the four heating system configurations was the same for all four locations. In each case,
the highest electrical energy input was for the electric heating only system
(configuration 1), however, significantly lower but similar electrical energy inputs
were calculated for the two standard heat pump systems (configurations 2 and 4). The
lowest electrical energy input for all locations was the exhaust air heat pump
(configuration 3). The greatest % saving with the TSC was also for configuration 3, at
each location, although a similar high % saving was achieved for the electrical heating
only system i.e. configuration 1, for the first three locations (Fig. 8b, d and f). A
marginally lower % saving with the TSC for configuration 1 compared to configuration
3 was observed for the Southwest Florida location (Fig. 8h). The highest % saving with
the TSC i. e. 16.1 % was achieved for configuration 3 for the New York location. The
% saving with the TSC was also high i. e. 15.4 % for configuration 3 for the Southwest
Florida location, although the annual electrical energy inputs for this location were
much lower than for the other three locations. For the Stockholm location (Fig. 8e and
f), the % saving with the TSC for configuration 3 was a little lower i. e. 11.1 %. Due
to the relatively high room temperature setting selected for the building model i. e.
22 °C, it is seen in Fig. 6a and c, there is some heat demand throughout the year for the
London and Stockholm locations. In practice, space heating might not be used during
the summer months, and the building temperature allowed to fluctuate with the ambient
temperature at this time. Therefore, these models have been re-run with the assumption
of a heating season of 7 months only for the London and Stockholm locations, with no
heat input for 5 months of the year. Under these conditions, although the annual heat
demand was reduced, the relative performance of the different heating system
configurations remained the same. However, there was a reduction in the % saving
when using the TSC of approximately 2 %, in each case, highlighting the potential
benefits of employing the TSC during the summer months. Therefore, although there
are still substantial benefits from employing the TSC for a 7-month heating season
only, there is also a case for utilizing the heat output of the TSC for e.g. domestic water
heating or thermal storage during the summer, to take advantage of the solar gain over
this period. Although only the annual electrical energy inputs for each heating system
are reported here, since the annual COe emissions and costs were calculated from the
annual electrical energy input values for each configuration, the % savings with the
TSC were the same, in each case.

TSC heated air temperatures

The TSC outlet seasonal temperature profile shown in Fig. 3 follows a similar
pattern to that for ambient temperatures, although with increased temperatures of
between 0 and 25 K. A similar level of increase in TSC outlet temperatures above
ambient is seen throughout the year. There are, however, significant differences in TSC
output temperatures from hour to hour, reflecting the variation in solar radiation
availability. In fact, the performance of a TSC can be reduced in buildings with an early
morning or late evening dominated heating demand, since a large proportion of the
heating demand will be at a time when there is little or no solar radiation available.® In
this case, the performance i. e. % saving, with the TSC could be improved by
incorporating thermal storage, to store heat generated in excess of demand during the
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middle of the day, and then using it in the early morning/late evening or at night. It has
been previously observed, that factors affecting the TSC absorber plate thermal
efficiency include irradiance, air flow rate through the TSC, outside air temperature,
wind speed and direction.

Rise in air temperatures in TSC

The rise in air temperatures in the TSC for the four locations considered (Fig. 4)
show some distinct differences in variations in temperature rise through the year. In
each case, the maximum rise was of the order of 20-25 K, which was in line with the
maximum expected for the TSC based on previous studies. In general, the highest
temperature rises occurred in the winter months, with reduced temperature rises during
the summer months. This probably reflects the fact that it is easier to generate a
temperature difference between the TSC solar collector plate and the ambient air in
winter. It is apparent, however, that there is a concentration of the number of hours at
which a temperature rise was observed in summer, so the overall solar collection is
likely to be greater at this time. One exception to the general trend is for the Stockholm
location (Fig. 4c), which showed slightly lower temperature rises during the winter
months. This may be due to the more northerly latitude of Stockholm compared to the
other locations, whereby the global solar radiation is marginally reduced in winter.

Comparison of small and large buildings

The seasonal building heat demand profiles in Fig. 5a and b show a clear annual
trend i. e. higher heat demand in winter and much reduced demand during the summer
months, although with significant day to day variation. The building heat demand
effectively mirrors the seasonal variation in ambient temperatures, and follows a
typical seasonal pattern for heat demand in buildings. The building heat demand
profiles were effectively identical for the small domestic building and large warehouse
building, at the London location, although with proportionally higher heat demand for
the larger building. The building heat demand model was used to calculate the hourly
variation in ventilation air temperatures to be supplied to the building in order to meet
demand, and these were used as input for the heat pump model.

Comparison of building heat demand profiles at four locations

The building heat demand profiles for the large warehouse building at the four
locations considered are shown in Fig. 6, and demonstrate some significant differences.
The greatest seasonal variation in building heat demand was for the New York location
(Fig. 6b). A slightly lower seasonal variation was found for the Stockholm location,
although with increased heating demand in summer compared to the New York
location. For London, there was a much smaller seasonal variation in building heat
demand than for the New York and Stockholm locations. The lowest overall heat
demand was for the Southwest Florida location, with no heat requirement at all for
4 months in summer. The building heat demand profiles observed reflect the different
environmental (weather) conditions for the four locations, particularly seasonal
variation in ambient air temperatures and solar radiation.

Comparison of performance of four heating systems for small building

The annual electrical energy input, COe emissions and costs for the four heating
system configurations both with and without the TSC included, for the small building,
are shown in Fig. 7. The electric only heating system (configuration 1) indicated the
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highest values for each parameter (i.e. electricity input, COe emissions and costs) and
therefore was the least useful and least economic of the four heating systems
considered. However, configuration 1 demonstrated high potential savings of 14.2 %
when the TSC was used. The three-heat pump-based heating systems all required much
lower electrical energy inputs which resulted in much lower CO,e emissions and costs
I. e. approximately one-third that of the electric only heating system. The best
performing system with the lowest electrical energy input requirement (and lowest
CO.e emissions and costs) was the exhaust air heat pump (configuration 3).
Configuration 3 also demonstrated the highest % saving of 14.4 % when the TSC was
used. For the other two heating systems i. e. configurations 2 and 4, reduced savings
when using the TSC of 13.8 % and 9.6 % respectively were determined by the model.
In the case of configuration 2, TSC heated air was directed onto the condenser and
ambient air onto the evaporator. However, for configuration 4, TSC heated air was
directed onto the evaporator and ambient air onto the condenser. Therefore, the most
effective way of utilizing the TSC heated air with a heat pump-based air ventilation
heating system is by directing it onto the condenser.

The model was also used to evaluate the performance of the large, warehouse
building at the London location. Similar patterns of energy use, CO,e emissions and
costs, were found, although with proportionally higher values for each parameter for
the larger building. The % saving when using the TSC was also similar for the
warehouse building, although marginally lower i. e. 13.7 % for configuration 3,
compared to 14.4 % for the small building.

Comparison of four heating system configurations at four locations

A comparison of the performance of the four heating system configurations for
the four locations considered, namely London, New York, Stockholm and Southwest
Florida are shown in Fig. 8. The relative performance of the heating systems was the
same for each location i. e. with configuration 3 (the exhaust air heat pump) performing
best, followed by the other two heat pump based systems (configurations 2 and 4), with
the electric only heating system (configuration 1) being the most energy intensive and
having the highest emissions and costs. In terms of benefit i. e. % saving, from using
the TSC, the exhaust air heat pump (configuration 3) again performed best, at each
location. The highest % (annual) saving when using the TSC was 16.1 % for the New
York location. This compared with a % saving for the Southwest Florida location of
15.4 %, for London of 14.4 % and Stockholm of 11.1 %. It is considered likely that the
% annual savings with the TSC determined for the different locations reflects the
seasonal availability of solar radiation at these locations, and this is largely dependent
on their latitudes. Considering three of the locations only i.e. New York, London and
Stockholm, in terms of their latitudes; New York has the lowest latitude of 41°N,
London has a latitude of 51°N, and Stockholm a latitude of 59°N, and this corresponds
to the order of % savings with the TSC at these locations. An exception to this trend is
the Southwest Florida location which has the lowest latitude of all i. e. 26°N, so would
be expected to obtain the greatest benefit from the TSC i. e. highest % saving. However,
the overall building heat demand was very low for Southwest Florida compared to the
other three locations, and for 4 months in the summer (when solar radiation availability
was greatest) no heat was required. Consequently, there was less opportunity for the

72


https://journals.sagepub.com/doi/full/10.1177/01436244211008689

TSC to enhance the four heating systems, so may explain why the % saving was a little
lower than would be expected in relation to its latitude.

Conclusions

This study has investigated the effects of using a low-¢ TSC device to generate
heated air, when incorporated into a range of configurations of ventilation air space
heating systems for buildings. The configurations evaluated included an electric
heating only system and three heat pump-based heating systems, both with and without
the TSC included. Using models, the effects of building size and environmental
conditions, at a range of locations have been investigated. The electrical energy input,
CO.e emissions and operating costs were determined for each configuration.

In each case, the electric heating only system required very high energy input,
resulting in high CO,e emissions and costs i.e. by more than three times that for any of
the heat pump based systems, for the small, domestic building (Fig. 7), and by more
than four times for the large, warehouse building, for the London location . For both
the small and large buildings and for all locations, the best performing system i.e. that
with the lowest electrical energy input, CO,e emissions and costs was configuration 3,
the exhaust air heat pump. Significant additional savings were achieved for all heating
system configurations i.e. both the electric only and heat pump-based systems, for both
building sizes and at all locations, when the TSC was used, with values (for
configuration 3) ranging from 11.1 % to 16.4 %. In each case, the greatest % saving
was for configuration 3 i. e. the exhaust air heat pump, with savings of 14.4 % and
13.7 % for the small and large buildings respectively, for the London location.
However, the greatest saving when using the TSC was 16.4 % for configuration 3, for
the large warehouse, at the New York location, although very significant savings were
achieved at all of the locations considered. However, it was concluded that, in general,
the % saving with the TSC increased with decreasing latitude, with increasing %
savings in the order Stockholm, London and New York. The exception to this was the
Southwest Florida location which had the lowest latitude of all, but indicated the
second highest % saving. It was concluded that this location was anomalous due to
having a very low annual heat requirement, and having zero building heat demand for
4 months during the summer (and the heating system was switched off), when solar
radiation availability was at its maximum.

The results for the three-heat pump-based systems i.e. configurations 2, 3 and 4,
for both the small and large buildings, and for all locations, were compared. It was seen
that when the TSC heated air was directed onto the condenser i.e. configurations 2 and
3, significantly higher % savings were achieved than for configuration 4, when the TSC
heated air was directed onto the evaporator. Therefore, in order to maximize the benefit
obtained from the TSC for a heat pump-based air ventilation heating system, the TSC
heated air should be directed onto the condenser. Other potential benefits of using TSCs
are that they can act as cladding for buildings, providing extra insulation, and reducing
fabric heat losses. In future work, it is planned to investigate the use of low-¢ TSCs in
other building heating system configurations. Also, the use of low-g TSCs with other
building types and for pre-heating of hot water for buildings, and for combining with
storage systems to provide better utilization of the TSC generated heat will be
Investigated.
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Overall, it is concluded that low-¢ TSCs offer significant benefits in providing
low cost, low carbon heating for buildings.
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— respectively [r1'spektivli] — coorBeTcTBEHHO;
— demonstrated [ dem.an.streit] — npogeMoHCcTpUpOBA;
— ventilation [ ven.ti'ler.fon] — BeHTHISIIINS;
— emissions |1’ mifonz| — BEIOPOCHI;
— assumption [a'samp.[an] — mpeamnoioKeHue;
— considered [kon'sid.od] — 00xymaHHBIH;
— performing [pa'fo:m] — BeIOHEHHME;
— incorporated [ ko:.par.er.tid] — BKiIFOUCHBI;
— evaporator [1'veepareito] — ucnapurens;
— concluded [kon klu:d] — 3akmrouni;
— proportionally [pra’poa:.fan.al] — mponopiroHanbHO;
— latitude [ 'leet.1.tju:d] — mupora;
— employing [1m'plo1] — ucnonk30BaHwUeE;
— determined [dr't3:mind] — onpeneneHHbIN;
— environmental [, varron ' mentl] — oTHOCSIIMIICS K OKpY>KaIOIIEH Cpee;
— condenser [kon'den.sor] — konaeHcaTop;
— absorptivity [ob'zo:pf(o)n] — mornomaromas crrocOOHOCTH;
— identical [ar'den.tr.kal] — naeHTHYHBIH;
— upgrading [Ap greid] — oOHOBIICHHE.

Task 2. Summarize all the ideas of the article and write an essay.
Task 3. Make a presentation based on the article.
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YACTB IV. BECEJIA 1O CIIEHUAJIBHOCTHU

Summary

Task 1. Read the following instructions offered by Virginia Kearney, a
university expert in writing essays (https://owlcation.com/academia/How-to-Write-a-
Summary-Analysis-and-Response-Essay, 05.2019).

A summary is telling the main ideas of the article in your own words.
Steps in Writing
These are the steps to writing a great summary:

Read the article, one paragraph at a time.

2. For each paragraph, underline the main idea sentence (topic sentence). If you can't

underline the book, write that sentence on your computer or a piece of paper.

When you finish the article, read all the underlined sentences.

4. Inyour own words, write down one sentence that conveys the main idea. Start the
sentence using the name of the author and title of the article (see format below).

5. Continue writing your summary by writing the other underlined sentences in your
own words. Remember that you need to change both the words of the sentence and
the word order.

6. Don't forget to use transition words to link your sentences together. See my list of
transition words below to help you write your summary more effectively and make
it more interesting to read.

7. Make sure you include the name of the author and article and use “author tags”
(see list below) to let the reader know you are talking about what the author said
and not your own ideas.

8. Re-read your piece. Does it flow well? Are there too many details? Not enough?
Your summary should be as short and concise as possible.

=

w

Sample Format

Author Tag: You need to start your summary by telling the name of the article
and the author. Here are three examples of how to do that (pay close attention to the
punctuation):

1. In **How the Civil War Began,” historian John Jones explains...
2. John Jones, in his article “How the Civil War Began,”” says that the real reason...
3. “How the Civil War Began,” by historian John Jones, describes....

First Sentence: Along with including the article's title and author's name, the
first sentence should be the main point of the article. It should answer the question:
What is this essay about? (thesis).

Example:

In “How the Civil War Began” by John Jones, the author argues that the real
reason for the start of the Civil War was not slavery, as many believe, but was instead
the clash of cultures and greed for cash.
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Rest of Summary: The rest of your essay is going to give the reasons and
evidence for that main statement. In other words, what is the main point the writer is
trying to make and what are the supporting ideas he or she uses to prove it? Does the
author bring up any opposing ideas, and if so, what does he or she do to refute them?

Here is a sample sort of sentence:
Is the issue addressed in “(article’s title)”” by (author's name). The thesis

of this essay is . The author’s main claim is and his/her
sub claim is . The author argues . Other people argue
. The author refutes these ideas by saying . His/her
conclusion is
Author Tag List
Author’s Article Words for | Adverbs to Use
Name “Said” With “Said”
James Garcia | “whole title” | argues carefully
Garcia “first couple | explains clearly
of words”
the author the article | describes insightfully
(book etc.)
the writer Garcia's elucidates respectfully
article
the historian (or | the essay complains stingingly
other
profession)
essayist the report contends shrewdly
Transition Words List
Contrast Adding ldeas Emphasis
Although In addition Especially
However Furthermore Usually
In contrast Moreover For the most part
Nevertheless In fact Most importantly
On the contrary Consequently Unguestionably
Still Again Obviously
Response
Response answers: What do you think? Does this article persuade you?
How to Write

Generally, your response will be the end of your essay, but you may include your
response throughout the paper as you select what to summarize and analyze. Your
response will also be evident to the reader by the tone that you use and the words you
select to talk about the article and writer. However, your response in the conclusion
will be more direct and specific. It will use the information you have already provided

76



in your summary and analysis to explain how you feel about this article. Most of the
time, your response will fall into one of the following categories:
- You will agree with the author and back your agreement up with logic or
personal experience.
- You will disagree with the author because of your experience or knowledge
(although you may have sympathy with the author's position).
- You will agree with part of the author's points and disagree with others.
- You will agree or disagree with the author but feel that there is a more important
or different point which needs to be discussed in addition to what is in the article.
How will this article fit into your own paper? How will you be able to use it?
Here are some questions you can answer to help you think about your
response:

1. What is your personal reaction to the essay?

2. What common ground do you have with the author? How are your experiences the
same or different from the author's and how has your experience influenced your
view?

3. What in the essay is new to you? Do you know of any information the article left
out that is relevant to the topic?

4. What in this essay made you re-think your own view?

5. What does this essay make you think about? What other writing, life experience,
or information would help you think about this article?

6. What do you like or dislike about the essay and/or the ideas in the essay?

7. How much of your response is related to your personal experience? How much is
related to your own worldview? How is this feeling related to the information you
know?

8. How will this information be useful for you in writing your own essay? What
position does this essay support? Or where might you use this article in your essay?

Sample Format
You can use your answers to the questions above to help you formulate your
response. Here is a sample of how you can put this together into your own essay:
Before reading this article, my understanding of this topic was . In my
own experience, | have found and because of this, my reaction to this
essay is . Interestingly, | have as common ground with
the author/audience. What was new to me is . This essay makes me think
. | like/dislike in the essay. | will use this article in my
research essay for

Vocabulary
— article — crarps;
— summary — KpaTkoe M3JI0)KEeHHE, KOHCIICKT;
— rendering — pedepupoBaHue;
— UNncommon — peaKuu;
— finding — Haxoxka, OTKPBITUE, TTOJYYCHHBIC TAHHBIC,
— to pay attention — yaensite/00pamniaTh BHUMaHHE,
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conclusion — ymo3akiTroueHHe, BBIBO/T;

to highlight — BeiessITH;

to comprehend — monumaTh, OCMBICIHBATH;,

rough draft — scku3, HabpoCoK;

firm grasp — 4yeTkoe MOHMMaHHE;

assignment — npeanucanue, UHCTPYKINS, 3aaHNUC;

to explain — 0OBICHATS;

in plain language — mpocThIM A3BIKOM;

referring to — ccelnasce Ha;

meaning — 3HaYCHUE, CMBICIT;

to convey — BeIpaxkath, epeaBaTh (UL, CMbICT);
appropriate — moaxo AN, COOTBETCTBYIOIIHIA;

to feature in — npuHKUMaTh ydacTue;

concisely — kpaTko, C:kaTo, JIJAKOHUYHO, BBIPA3UTEIIHHO;
cut and paste — «BbIpe3aTh ¥ BCTABIATE» (00BEMHO IUTHPOBATH O€3 CCHUIKH Ha
UCTOYHHK, KOMITHJIHPOBATH);

jumble — xyua; OecropsIOYHO CBaJICHHBIC B Ky4y BEIIIH;
borders on — rpanuunTk grade — oreHka, OTMETKa,
option — BapuaHT, albTEPHATHBA; OIILIHSL.

Task 2. Read and translate the text. Use its main ideas for rendering scientific

articles.

How to write a Summary of a scientific article
Summarizing or rendering of a scientific article demonstrates your

understanding of the material and presents this information to an audience that may not
have a science background. It is not uncommon for a scientific article to describe an
experiment and discuss its findings. To write an effective summary, you must be able
to focus on the main ideas of the article. This also helps to understand scientific
research better.

Instructions:

1.

2.
3.

Read the entire article. Pay attention to the experiment methods and the
conclusions presented. Read the article more than once, if necessary.

Look up any words or methods you do not understand.

Go through the article, and highlight its main ideas. Make sure you understand
the main points in each para graph. Take notes so you have a starting point for
your summary.

Test your understanding of the artic le by asking yourself questions about it. Try
explaining the concept of the article to a friend or family member in non-
scientific language. Determine if you can clearly explain the article in a way that
IS easy to comprehend.

Start a rough draft of your summary, using the notes you've written. Review the
article to ensure you have a firm grasp of the conclusion. Summarize the article's
conclusion. Offer your own interpretation of the conclusion along with your
opinion of the article's content.
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Task 3. Look through the “George Mason University Recommendations” on the
writing of a summary of a scientific article. Be ready to answer the questions.

This assignment is generally intended to help you learn to synthesize scientific
materials and communicate the main points effectively, using plain language.

Start by making sure you understand the central points of what you read. Explain
the article in plain language to someone else and answer questions without referring
back to the article, to make sure you have grasped the essence of what you read. Dr.
James Lawrey in the Biology Department uses this assignment to teach students to pick
out the meaning of an article and convey the main points. The appropriate writing style
for a summary of a scientific article is to use simple sentences that express one or two
ideas. An example might be a story featured in the mainstream media that explains a
recent scientific finding, bringing out the important aspects concisely and without too
much scientific jargon. Do not “cut and paste” from the article. When students do not
really understand what they read, their writing is a jumble of statements nearly straight
from the article, with no interpretation or synthesis of the article's findings. This
strategy is common among students who wait until the last minute to complete
assignments. Besides the fact that this practice borders on or actually is plagiarism, it
shows that students do not understand what they are writing about, and their grades
reflect this.

Task 4. Answer the questions.

1. Who is James Lawrey? 2. What should you do at first while writing a
summary? 3. Does the author limit the number of times his students should read the
scientific article they are to summarize? 4. When do students use “cut and paste”
function while writing a summary? 5. How do you understand the term “plagiarism”?

Task 5. Retell the Instructions on writing a Summary of a scientific article.

Task 6. Read the definition of summarizing/rendering in Russian. Try to
remember as many set phrases as possible. Use them in the rendering of scientific
articles.

PedepupoBanue Hay4yHbIX cTaTeid Ha aHTIUMHUCKOM SI3bIKE — Ba)KHBIA HAaBBIK,
HEOOXOMUMBINA JTH00OMY cOoBpeMeHHOMY HHeHepy. CyTh pedepupoBaHUsS MOKHO
CBECTU K aHAJIM3y MPOYUTAHHOMN aHTIIOSN3BIYHOU pabOTHI C BBIJICJICHUEM €€ TIaBHOM
U7, OMHCAHMEM NEPEUYUCICHHBIX aBTOPOM (AKTOB W JOBOJOB M TOJIBEIEHUEM
uToroB. C 3TOM 11eJ1bI0 MOYKHO MCIOJB30BATh PsiJl BBOJHBIX SI3bIKOBBIX KOHCTPYKIIHIA.

1. Ha3Banmue craTthbu, aBTOp, cTHJIB. | he article I’m going to give a review of
Is taken from... — CraThs, KOTOpPYIO s ceiidac X04y MPOAaHAIM3UPOBATH M3... The
headline of the article is — 3aronoBok crateu... The author of the article is... — ABTop
cTaThu... It is written by — Ona Hanucana (kem)... The headline foreshadows... —
3aroyioBOK MpUOTKPHIBAET. ..
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2. Tema. Jlormueckue yactu. The topic of the article is... — Tema ctatbu 370...
The key issue of the article is... — KiroueBsIM BOIIPOCOM B CTaThe sSBiIseTCA... The
article under discussion is devoted to the problem... — OG6cyxnaemast crarbs
nocesiieHa npoosieme... The author in the article touches upon the problem of... - B
CTaThe aBTOP 3aTparuBacT nmpoodiemy.... I’d like to make some remarks concerning...
— 51 OB1 xoTen(a) cuenarh HECKOJIBKO 3amedanuii 1o mosoxdy... I’d like to mention
briefly that... — Xortemocs Ob1 kpaTko oT™MeTHTH, uTO... |’d like to comment on the
problem of... — 5 61 xoTen(a) MpoKOMMEHTHpPOBATEL podiemy... The article under
discussion may be divided into several logically connected parts which are... — Cratbs
MOYET OBITh pa3JielicHa Ha HECKOJIBKO JIOTUYCCKH B3aMMOCBS3aHHBIX YACTEH, TAKUX

KakK...

3. Kparkoe conep:xanne. At the beginning of the article its author... — B nauase
CTaTbH aBTOP... ... describes — omuceiBaeT ...depicts — m3o0paxaer ...touches upon —
3aTparuBaer ...explains — o0OBACHsET ...introduces — 3HAKOMHUT ...mentions —

ynomuHaeT ...makes a few critical remarks on — nemaeT HECKOJIbKO KPUTUUYECKUX
3ameuanuii 0 The article begins (opens) with a (the)... — Crarbsi HaumHaercs...
...description of — omnwmcanuem ...statement — 3asBieHHeM ...introduction of —
npejacTaBieHueM ...the mention of — ymomunanuem ...the analysis of / a summary of
— KpaTkuM aHajau3oM ...the characterization of — xapakrepuctukoi ...(author’s)
opinion of — muenrem aBTopa ...the enumeration of — mepeunem In conclusion the
author — B 3akirouenue aBrop ...dwells on — ocraHaBiuBaeTcst Ha ...points out —
yKa3bIBaeT Ha TO ...generalizes — oOoOmiaer ...reveals — mokasbiBaer ...exposes —
MOKa3bIBaET ...accuses / blames — oOBuHsET ...gives a summary of — 1aet 0030p...

4. OTHOUIEHHWEe aBTOpPa K OTAeJdbHbIM MoMeHTaM. The author gives full
coverage to... — ABTOp MOJHOCTHIO OxBaThiBaeT... The author outlines... — ABTOp
omuceiBaeT... The article contains the following facts.../ describes in details... —
Cratbs coAaepKuT cienyromue GakThl .... / ToapoOHO onuckiBaeT... The author starts
with the statement of the problem and then logically passes over to its possible
solutions. — ABTop HaYMHAET C MMOCTAHOBKH 3aJ1a4M, a 3aTeM JIOTHYCCKH MEPEXOIUT K
ee BO3MOxHbIM pemeHusiM. The author asserts that... — ABTop yTBepkaaert, uto ... The
author resorts to ... to underline... — ABrop npuberaer K ..., 4ToObI MMOTYCPKHYTh. ..
Let me give an example... — [To3BoJIbTE MHE TPUBECTH ITPUMED. . .

5. BeiBogx aBTopa. In conclusion the author says / makes it clear that.../ gives a
warning that... — B 3akirodeHne aBTop roBOPUT / MPOSICHSIET, UTO. .. / IpeaynpexIacT,
gro... At the end of the article author sums it all up by saying ... — B koHI1ie cTatbu
aBTOP IOJIBOJMT UTOT BCEro 3TOro, roBops... The author concludes by saying that... /
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draws a conclusion that... / comes to the conclusion that... — B 3akmouenne aBTop
rOBOpHUT, YTO... / ACJIacT BbIBO, YTO... / MMPpUXOOUT K BBIBOIY, YTO...

6. BeipazurteabHbIe CpeACTBa, HCIOJIb3yeMble B cTaThe. 10 emphasize ... the
author uses... — UtoObl aKIEHTUPOBATh BHUMAHHUE ... ABTOP MCIOJIB3YET... 10
underline ... the author uses... — UToObl MOAYEPKHYTH ... aBTOP HCIOIB3YyeT 10
stress... — UroObl ycunuth / mogquepkHyTh... Balancing... — banancupys...

7. Bam BeIBoa. Taking into consideration the fact that — Ilpunumas Bo
BHMMaHUEe TOT ¢akT, uto The message of the article is that... /The main idea of the
article is... — OcHoBHas wuaes craThbu (TociaaHue aBtopa)... In addition... /
Furthermore... — Kpome Toro... On the one hand..., but on the other hand... — C ogHoi#t
CTOPOHBHI ..., HO ¢ JApyroi croponsl... Back to our main topic... — Bo3Bpariasch k
Hallei oCHOBHO#M Teme... TO come back to what | was saying... — UtoObl BepHYThCS K
ToMy, uTo st roBopuii(a)... In conclusion I’d like to... — B 3akmodenue st xoresn(a) ObI. . .
From my point of view... — C moeii Touku 3penus... As far as [ am able to judge... —
Hackonbko g mory cyauts... My own attitude to this article is... — Moe nuuHoe
OTHOIIIEHHE K 3TOM cTaTke... | fully agree with... /I don’t agree with... — 5 monHOCTHIO
coryiaceH / He corjaceH c... It is hard to predict the course of events in future, but there
Is some evidence of the improvement of this situation. — TpynHo mpeackas3ath X0/
cOOBITHI B OyIyIlIeM, HO €CTh HEKOTOpbIC CBUACTEILCTBA YIIYUIICHUS CUTyalud. |
have found the article dull / important / interesting /of great value — Sl Haxoxy cTaThio
CKy4HO# / BaxkHO# / nHTEpeCcHO#/ nMeroIIel 00JIbIIoe 3HaYeHHE (IICHHOCTD).

Task 7. Retelling

Read text of the article several times. Work in pairs or groups. Divide text into
parts, so that each group will have at least several sentences. Select the key words in
the texts, type them in Word it Out (https://worditout.com/) and generate a cloud. Retell
the story with the help of the generated word clouds. If two words need to be together,
Imagine “suffer from”, you only need to insert _ between the two words and they’ll be
kept together in the cloud.

IIpumep pacckasa 0 HAyYHbIX HHTEpPecaxX MAruCTPAHTA:
1. What is your name? — My name is Ivan lvanovich Ivanov.
2. What educational institution did you graduate from? When? — | graduated from

...in 20...
3. What is your speciality? — My speciality is .../ My profession is ...
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4. Why did you decide to take a post-graduate course? — | decided to take a post
graduate-course because | had been interested in science since my 3-d year at the
University / because scientific approach is very important in my profession.

5. What is the subject of your future scientific research? — The subject of my
scientific research is ... — My future scientific research is devoted to the problem of ...
— My future scientific research deals with the problem of ...

6. Who is your scientific supervisor? — My scientific supervisor is Ivan Petrovich
Petrov, Professor, Doctor of technical/ economic sciences, Head of the Chair of ... /
Head of the Department of ... — He has got a lot of publications devoted to the problem
of ...

7. Have you ever participated in any scientific conferences? — Yes, I've
participated in many conferences devoted to the most actual problems of
economy/physics/geodesy/hydrology etc. — Not yet, but | hope, together with my
supervisor, I’ll prepare some reports for scientific conferences / I’ll take part in several
conferences in the near future.

8. Do you have any publications? — Yes, I’ve got some publications connected
with my research. — Not yet, but | hope, together with my supervisor, I’ll prepare some
publications, they will be devoted to my research.

9. What methods are you going to use in your investigation? — Together with my
supervisor we are going to apply such methods as theoretical, experimental, practical
and computational methods because they will help me to complete my research.

10. What will your scientific research give the world? In what way can your
investigation/research be useful to ... science?

— | think / | hope / | dare say that the problem of our scientific research is very
urgent and our scientific research will be very useful for ... / it will help people in the
field of ...
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CIHIACOK COKPAIIIEHUI

CoOKpameHue YHUTAaeTCsA/03HaYaeT InmepeBoa

% percent (per cent) [pa'sent] IPOLICHT

°C degrees Centigrade rpaayc (L{enbcus)
°F degrees Fahrenheit rpanyc (Papenreiita)
etc. [et'set(a)ra] U TaK Jayiee

e.g. for example HanpuMep

I. e. that is TO €CTh

Temneparypa unraercs:
25° C — twenty-five degrees Centigrade ['sentigreid] (mo mkaie I{enbcus);
34° F — thirty-four degrees Fahrenheit ['feeronhart] (o mxane ®apenreiira).
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