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IMPEAUCJIOBHUE

JlaHHOe y4eOHO-METOJMYECKOE IMOCOOMe Tpeiaraercsi CTyJeHTaMm
MarucTpaTypsl HMHCTHTYTa TEXHOJOTHH [0 HAMpaBICHHUSIM TOJATOTOBKHU
«TexnochepHas 6€30MaCHOCTBY, «IHEPTO- U PecypcocOeperare mpouecchl
B XHUMHYECKOW TEXHOJOTHH, HE()TEXUMUU M OUOTEXHOJOTHH [JISI W3YYCHUS

AQHTJINMCKOTO S3bIKA.

OcHOBHOI 3amaueld Kypca «AHIVIMMCKUN S3BIK» SBISETCA OOy4YeHHE
IPAKTUYECKOMY BIIQJICHUIO HAy4YHOM peuyblo B cdepe NpodecCHOHATbHOIO

oO01IeHUS.

OCHOBOH MTOCTPOCHHS TPOTrPaMMbl 00yUEHUS SIBIICTCS HAIPABICHHUE HIIH
acIeKT «s3bIK U CrenuanbHbIX meiei» (Language for Specific Purposes -
LSP). JlaHHBII acTIeKT MpEIoIaraeT pa3BUTHE HaBBIKOB, HEOOXOIUMBIX ISl OC-
BOCHHS COOTBETCTBYIOIIETO PErUCTPa PEUH.

Lenvio  Odannozo  Kkypca  SBIIAETCS  TIOJTOTOBKAa  BBICOKOKIJIACCHOTO
CHCIHMAIIUCTa MESKIYHAPOJIHOTO YPOBHS, OJHOM W3 COCTABIISIOIINX B OyayIIcH
po(heCCHOHATLHOM JEITeTLHOCTH KOTOPOTO CTaHET S3BIKOBas TPaMOTHOCTh U
KyJIbTypa peud. 3ajadd, CTOAIIME IMepe] CTYJASCHTOM: 3aKPEIJICHUE HaBBIKOB
npaBwIbHOTO  aHrmiickoro npousHomenus (Oxford English); 3nanue
OCOOCHHOCTEH IOCTPOCHHUS HAYYHO-TEXHHUYECKUX TEKCTOB W3 OPUTHHAILHBIX
UCTOYHUKOB M OBJIAJICHUC TEXHUKOW pabOThl C HUMHU; CAMOCTOSITCIIbHBIN MOMCK
¥ W3BJIcUeHUE WH(DOpMAaMM Ha WHOCTPAHHOM S3bIKe W €€ JajbHeiIee
IpUMEHEHHE B NMpodecCHOHABHOM cdepe; yMEeHUE ToIepKaTh U BECTH Oeceay
C 3apyOeXHBIMU CIICHHAIMCTAMA Ha TEMBI IIHPOKOIO CIEKTpa, ¢ Y4ETOM
pa3IMYHBIX JCIIOBBIX KYJIBTYP.

B acniexre «SI3bIK A1 CHEIMABHBIX IEJIe» OCYIIECTBIISCTCS: pa3BUTHE
HABBIKOB YTCHHMSI CIICIIUAIBHOM JIUTEPaTyphl C LEIbIO MOIyYeHUs HHPOPMAIIUH;

3HAKOMCTBO C OCHOBaMH TEPEBOJIA JUTEPATYPHI MO creruaibHocTu. O0yueHue



A3BIKYy CIIEIMAJIIBHOCTH BEAECTCS Ha MaTepuallie NpPOU3BEACHUM pedyd Ha
1po(heCCUOHATIBHBIE TEMBI.

OcBoeHue  yuyammmucs  (OHETHKH, TpamMMaTHKH, CHHTAaKCHUCa,
CIIOBOOOPA30BAaHUSA, COYETAEMOCTH CJOB, a TakKe aKTHUBHOE YCBOCHHE
Haubosee ynoTpeOUTENbHOW JEKCUKM M (PPa3eosoruy aHTIMUCKOTO S3bIKa
IIPOUCXOJHUT HE B BUJAE CBOJA MPAaBWI, a B MPOLECCE padOThl HaJ CBI3HBIMH,

3aKOHYCHHBIMH B CMBICJIOBOM OTHOINICHUHM TCKCTAMU.

OOyuenue mpenycmaTrpuBaeT: a) QopmupoBaHue (HOHEMATUUECKOTO
cllyXa MOCPEICTBOM ayJupoBaHust; 0) GopMupoBaHHE MPAKTHYECKUX HABBIKOB U
YMEHUN YTEHHS W TEpeBOfa; B) pa3BUTHE YCTHOW peud; T) OTpabOTKy
rpaMMaTHYeCKOr0  MaTepualia C  MOCIEAYIONIMM  HUCIOJNB30BaHUEM B
pasroBopHOU peuw; 1) GopMUpOBaHNE HABBIKOB CAMOCTOATEIBHOM pabOTHI.

B mporpammy caMocCTOSITETBHONH pabOTHl CTYACHTOB BXOJHT OCBOCHHE
TEOPETUYECKOTO M MPAKTHYECKOTr0 MaTepuaia, pa3o0paHHOTO BMECTE C
npernoaBaTesieM Ha 3aHSTUSX, MOJATOTOBKA K MPAKTUYECKUM 3aHATUSAM B (hopme
CJIOBapHOM pabOThI CO CTaTbeW, 3allOMUHAHUE TMPOU3ZHOIICHUS W HAUCAHUS
HOBBIX CJIOB M BBIPQKCHUH, MOCTPOCHUE U Pa3yYHBaHUE JUAIOTOB 10 Y4eOHOI
nporpamme, (GOpPMHpPOBaHWE YMEHHUH CBOOOJHO BBIpAXAaTh MBICIH HA

HN3y4aCMOM A3BIKC, COCTABJIATDL OCCC U ACJIATh IMTPE3CHTALIUIO 10 SaI[aHHOfI TEMC.
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[ 'dabl'ju: ]
[eks]
[ war ]

[ zed ]



Yrenue okoHIAHHSA -S (-€S)

-S  upTaeTcs [Z] mociie IIacHbIX U 3BOHKHMX COTJIACHBIX:

lives, mills, stands, forms, stays, tries, trees, goes, studies, cars

[S] mocne rimyxux coriacHbIX:

likes, parents, flats, stops, asks, maps

[1Z] mocie munAImMX U CBUCTAILIUX 3BYKOB [S, Z, [, 1, 3, d3]:
sizes, boxes, watches, bridges, colleges, washes, wishes, gases,

a'ddresses, pages, uses, branches, classes

le/lMellClHl/lei IIOMHUTC, YTO OKOHYAaHHC -S OBIBacT Y CYHICCTBUTCIILHBIX U

IJ1aroJjioB.

He cnenyer nmyrats:
¢ VY CYHICCTBUTCIIBHBIX OKOHYAHHC -S — IIPU3HAK MHOINCECIMBEHHO20
gucia: papers (Oymaru, nokymeHtsl), books, students, forms

(dpopmnr), lights (oram);

® Yy CYHICCTBUTCIIbHBIX OKOHYAHHNC -'s — MPHU3HAK npUumAMNCAnejlbHo20

najexa (oTBedaer Ha Borpoc 4ei?). CpaBHuUTE:

my friend MOW JIpyT

my friends MOM JIPY3bsI

my friend's work paboTa MOETO JIpyTra
my friends’ work paboTa MoUX Jpy3el



¢ Yy IJIarojJoB OKOH4YaHHUC -S — IIPU3HAK TPCTHCI'O JIMIia eOUHCMBEHHO20
yrciia Bo Bpemenu Present Simple: he (she) reads — on (ona) uuraer,
he (she) knows — on (ona) 3uaer, he (she) goes — on (ona) uaér, he
(she, it) lights — ou (ona, oHO) ocBemmaeT, it SNOWS — uaér cer, he

(she, it) influences — on (oHa, OHO) BIHSET.

3amanue 1.1

[IpouTture cregyromue ciaoBa:

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, ‘influ-
ences, bags, 'methods, 'differences, 'differs, 'offers, su'ggests, pro'poses,

studies, reaches, runs, scientists.



Yrenue okoHYaHus -ed

-ed uwmraercs [d] mocie 3BOHKHX COITIACHBIX U IJIACHBIX:
formed, dried, tried, closed, played, studied, changed, func-
tioned,
contained, used, planned, employed
[t] mocne rmyxux cornacHbIX:
worked, watched, stopped, helped, liked, stressed, forced,

walked, cooked, pulped

[1d] mocne cornacubix t u d:
waited, invited, wanted, decided, visited, de'manded, com'plet-
ed,

su'pported, acted, di'rected, consisted, ‘limited, tested, resulted

3aganue 1.2

[IpouTtHnTe cnegyromue caoBa:

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, 'pro-
cessed, 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.



Yacrs ||. TPAMMATUYECKHUHA KYPC

HEPEBO/J ABYYJIEHHbBIX U MHOI'OYJIEHHBIX
ATPUBYTUBHBIX CJIOBOCOUYETAHUM, BBIPAYKEHHBIX
CYHWECTBUTEJIbBHBIMU
("HEINOYKHN" CYIHECTBUTEJBbHbIX)

Uncempykyus 1. JIByuneHHbIE UM MHOTOUYIEHHBIE aTPUOYTUBHBIE CIIOBOCO-
YeTaHUsl WIK "HIEMOYKH" CYIIECTBUTEIBHBIX — 3TO CJIIOBOCOYETAHHUS, COCTOS-

IKUe U3 CYICCTBUTCIIbBHOI'O 1 OHpeIIGJ'IeHI/II\/’I, PaCIIOJIOKCHHBIX CJICBA OT HECTO.

B kxauecTBe 1€BOTrO OIpCACIICHUA MOT'YT OBITH cyuecnmeumelbHole (OT ABYX IO0
IITH HnIn IHGCTI/I). CYHIGCTBI/ITGJ'II)HBIM MOI'yT MpcaAmcCTBOBATL!:
NprujaraTCJibHOC, INIpUYACTHC, MCCTOMMCHHUC MWJIM YHUCIIUTCIBHOC, a TaKKe

Co4UYCTaHusAa U3 OTUX CJIOB, COCAMHCHHBIC I[G(l)PICOM.

Heobxoaumo 00paTuTh BHHUMAaHHE HAa TO, YTO BHYTPH TaKOTO COUYETAHUS
cno8a He omoeleHbl Opye Om Opyea HU APMUKIAMU, HU Npedlocamu, HU
3anAmMbIMU:

strong acid pump

white water treatment equipment

high consistency oxygen bleaching system

Jnsa mnepeBoga "ulemodku" CyIIECTBUTENBbHBIX BaXHO HAWTH B HeH
OCHOBHOE ci0BO. IloMHHUTE, 4YTO OCHOGHBIM clogom JHOOOH '"mernouku"
CYIIECTBUTEIIbHBIX, SIBIISCTCS MOCIeOHee CYujecCmeumenbHoe, ¢ KOmopoz2o U
credyem HayuHams anaau3 Takou "uenodku". Bee cyliecTBUTENbHbBIE U IpYTHE
YacTH pPEeYM, CTOSIIIUE CJI€Ba OT OCHOBHOTO CJIOBA, SBIISIOTCS OnpeoeleHUsMUu K
HeMy (oTBevaroT Ha Bompoc "kakoiu?", "kakue?"). CripaBa OT OCHOBHOIO CJIOBA,

yKa3bIBasi HA TO, YTO "LEMOYKa" 3aKOHUYMUIIACh, MOXKET CTOSATh HOBBIN apTUKIIb,
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IpeJyIor, MECTOMMEHHE, MpUIaraTelIbHOe, MPUYACcTHe WM TIaroji-ckazyemoe ¢
IPEIIECTBYIONUM HapedreM uiu 6e3 Hero.
|. Ilepesoo oeyunennvix cnosocouemanuit ("yenouku' cocmosam usz 08yx

cyuiecmeumesibHolx)

Unempyrkyus 2. llepeBojl NBYWIEHHBIX CJIOBOCOYETAHUM HaAuuHaem ¢
nocneoHe20  CywecmeumenbHo20, a CYIIECTBUTEIBHOE, CTOSIIEE CIIEBa,

MICPCBOOAUTCA cyujecmeunielbHblm GPOOMmeﬂbHOM naoeoxce.

OO0pa3er: 1) pulp quality - KQ4eCTBO IIEJLIOJIO03bI;
2) water level - YpOBEHB BOJIBI,
3) wood consumption - pacxo1 IPEBECUHBI;
4) cooking time -IIPOJIOJDKUTEIIEHOCTh BapKH;

a) stock (BoiokHmcTas Macca) preparation;
stock temperature;
stock production;
sheet properties;

sheet formation (¢bopmoBanue).

HUnempyxyus 3."Lenouka, cocrosimas U3 AByX CyIIECTBUTEIbHBIX, IEPBOE

N3 KOTOPHBIX IICPCBOAUTCA npujiacanielibHbiM.

Oopaszer: 1) wood fiber - IPEBECHOE BOJIOKHO;
2) gas bleaching - rasoBas or6enka;
3) cooking acid - BapOYHasi KHCJIOTa,
4) paper stock - OyMakHas Macca;

wood chips; acid digester; wood species (mopoma); sulphite digestion; oxygen
bleaching; stock pump; laboratory tests; spruce chips; bleaching plant (otmen);

hand operation; pine chips; water vapor; cooking process; bag paper.

11



Hnempykyus 4. TlepeBon "unenodyku" CyIIECTBUTEIbHBIX HAYMHAEM C
MOCJIETHETO CYIIECTBUTENBHOIO, a MEPBOE TMEPEBOIUM CYUIECNBUMENbHBIM C

npeono2om (8, u3, Ha, O1s u op.).

Oopaszer: 1) hardwood pulp - niemron03a 13 TMCTBEHHOMN TPEBECUHBI,
2) drying costs - 3atpaTsl Ha CYLIKY (3aTpaThl, CBA3aHHBIC C
CYILIKOW);

3) pollution control - 6ops0a ¢ 3arpsi3HCHUEM;

digester pressure; softwood pulp; acid (kucmas cpema) hydrolysis; linen
(meHSIHOE Tpsmbe) paper; board products; evaporator (ucmapurens) gases; hard-

wood sulphite pulp.

1. Ilepesoo MHO20U1CHHBIX C/1080COUCMAHUIL (""uenouxku'’
CYULeCIMEUMEIbHBIX COCHOAM U3 Mpex U 0oJiee CYuecCmeumenbHulX u Opyzux

yacmeii peyu.)

Unempyxkyuss 5. Ilpu  mniepeBoAe MHOTOYJICHHBIX — CJIOBOCOYETAHMM
PEKOMEHYEM:
1) mepeBecTH MOCjCAHEE CYMIECTBUTEIILHOE "TICTIOUKHA";
2) pa30uTh OCTAIBHYIO YacThb CJIIOBOCOYETAHHS HA CMbICIOGble ZPYnnbl W
nepeBecTd Ux (BHYTPH CMBICIIOBOW TPYMIbI aHAJIU3 MPOBOJUTCS ClIEBa
HaIpaBo);

3) mepeBecTH Bce ClIOBOCOUYETaHUE (BCO "MemouKy"), Clieays cripaBa HajIeBo.

Oopaszer: 1) stock mixing| system — cuctema JijIsi CMEIIUBAHUS MacCHhI;
2) wood fiber| products — u3mesus U3 IPEBECHOrO BOJIOKHA;

3) water quality| results — pe3ynbTaThl 10 Ka4€CTBY BOIBI;

12



4) stock preparation| machine operation — pabota MaIIHHBI 110
IMPUTOTOBJICHUIO MACCHI.
B JaHHBIX CJIOBOCOYCTAHUAX - 110 [ABC CMBICIOBBIC TPYIIIILI. BBII[CJ'ICHO

KYPCHBOM OCHOBHOC CJIOBO.

[lepeBenure, cnenyst MHCTPYKIUU 3.

a)

chip packing (ymrotaenwue) device;

strong acid pump;

stock preparation machine;

paper machine operation;

fiber suspension flow;

b)

paper formation (popmoBanmue) time;
chlorine dioxide generation (o6pa3oBanue);
pulp preparation operation (mporiecc);
steam flow rate;

headbox (mamopwsIii simk) control (perynmupoBanwe) system;
c)

chain (tierp) length distribution (pacnpenencuue);
fiber length distribution;

chemicals recovery system;

heat transfer (mepenaua) coefficient;

water conservation costs (3arparsi);

d)

fiber wall thickness;

cooking liquor circulation;

gas diffusion constant;

quality control method,;

13



paperboard test (ananu3) result;

e)

plant design changes;

cooking liquor pressure;

stock preparation equipment;

air pollution (3arpsi3aenue) problem;
air pollution abatement (ymensbiienue);

water purity level (crenens).

Oopazer:  sodium base| sulfite pulping
Sulfite pulping — cynsduTHas Bapka;
Sodium base — HaTpueBOe OCHOBAHUE;

= cynb(pUTHas Bapka Ha HATPUEBOM OCHOBAHUU

[lepeBenuTe, HCIIOJIB3YST OOpa3ell:

various cooking liquor composition;

high yield sulfite pulp;

constant vapor phase region;

ammonia base sulfite pulping;

caustic soda recovery (perenepanus) system;
white water (o6opoTtHas Boja) treating equipment;
paper mill steam supply (o6ecnieucHue);

particle size distribution determination;

calcium base cooking liquor.

Hucmpyrkyus 6. Ecnm  "umemouka" CyIIECTBUTENBHBIX HAYUHAEMCA C
npuiazamenbHo20, HE0OX0AUMO 0OPaTUTh BHUMAHUE Ha TO, K KAKOMY Cl108Y OHO

OMHOCUMCAL.

14



Obpaszer: 1) high yield pulp — memmtosno3a ¢ BBICOKUM BBIXOIOM;
2) new sheet structure — HOBast CTPYKTypa JIHCTA,;
3) maximum cooking temperature — makcumaTbHast
TEeMIIepaTypa BapKH.

Unempykyuss 7. B coctaB "uemnoyku" CyHIECTBUTENBHBIX B KaueCTBE
OTIpPE/CNICHUSI MOTYT BXOJUTh YHCIHUTEIbHBIC, MECTOUMEHHS, IPUIACTHS,
CYIIECTBUTEILHBIC B MPHUTHKATEIBHOM majiexe u T.1. OOpaTute BHUMaHUE, K
KaKkomy clogy smu onpeoeieHuss omuocamcs. IloMHHUTe, 9TO OCcHOGHOe €080

Cll080COYemManusl — nocileonee cyujecmeuniesibHoe.

Oopaszer: 1) this high pressure steam— 3ToT map BEICOKOTO JIaBJICHUS;

2) rate determining factor — ¢akTop, onpeaenstonuli CKOPOCTb.

HUnempykyuss 8. MHorma omaHO u3 clIOB "HEMOUYKH'" CYIIECTBUTEIbHBIX

HEO0OXOIMMO TIEPEBECTH HOACHAIOWUMU CTIOBAMU (2PYNNOU CI0B).

Oopaszer: 1) paperboard machine — martina 012 ebipabomku Kapmoua,
2) chipping operation — npeanpusTue, ocyuecmensioujee
3a20MosKy wenvl,

3) bark products — npoaykThl nepepabomku Kopel.

15



CTPAJATEJBHBIN 3AJIOT I'JIATOJIOB
(THE PASSIVE VOICE)

Uncmpykyus 1. CtpagatenbHbI 3aj]0T rjaroja ymnoTpeOsseTcss B TOM
cilydae, €Clid caMO noodsedxcaujee He Oelicmeyem, NEUCTBUE COBEPIIAETCA HAO

HUM.

['marosi-ckazyemoe B CTpagaTeIbHOM 3aJI0I€ MOKHO HATH B IPEII0KEHUH
10 BCIIOMOTaTeIbHOMY Tiiaroiy ''t0 be' B cooTBEeTCTBYIOIIEM BPEMEHH, JIMIIC U
yuciae u Past Participle (mpuyactuio mnpomieaniero BPEMEHH CMBICIOBOTO

rjarosa).

Ilpumeuanue 1

Past Participle (Participle Il) oOpa3yercst myTem npuOaBieHusI OKOHUAHUS -
ed x mpaBWIBHBIM IJIaroyiaM. Eciii riiarosl HempaBWIBHBIN, YHOTPEOISeTCsl ero
3-2 ¢opma (built, taken, written...). PexomeHayeM mMmOBTOpUTE 3 (OPMBI

HCIIPAaBUJIBHBIX I'JIAIOJIOB.

Ilpumeuanue 2

OOparuTe BHMMaHue Ha TO, uto Past Participle mpaBuabHBIX TJIarosoB
coBmamaeT mo ¢opme co Bpemenem Past Simple (produced, achieved).
OmnpenenuTb UX MOKHO TOJIbKO B KoHTeKCTe. ([Togpobuee o Past Participle cm. B

paszjiese, MOCBSIIEHHOM MTPUYACTUSIM).

16



Tadauna 1
CrpaaaTesbHblii (IACCUBHBIN) 3aJ10T

Oo6pasyetcs: rarou to be (B coorBeTcTBYyIomeM Bpemenn) + Participle Il

[IpaBwmiia u cmocoOwI MepeBoIa [Tpumep IIepeBon

1. CTpagaTenbHbIi 3a710T TIOKA3bIBAET, YTO He was given a task. Emy nanu 3ananue.
JCWCTBHE TJIaroja-cka3yeMoro HarpaBJIeHO Ha

JIMOO U IIPEAMCT, BBIpa)KCHHBIﬁ IO AJICKAIIIM.

B paze ciyuaes nojieskaliee nepesoauTes We were informed that a new Hac undopMupoBay, 4To HOBas

TPAMBIM MM KOCBEHHBIM JIOTIOJTHCHUEM U idea had been advanced recently. | uaes Oblia BEIIBHHYTa HEIABHO.
CTaBMTCS, COOTBETCTBEHHO, B (JOpPME

BHUHHUTCJIBHOI'O NJIKX JAaTCJIBHOI'O IMaaciKa.

2. Ecii mociie riarosa B maccuBe €CThb The calculation is done by |Iloacuérsl nenaroTcs

JonoJiHeHKe ¢ npeaioroM by mimm with, To ono | computer programs. KOMIbIOTEPHBIMH MPOTPaMMaMu
YKa3bIBAET, KEM HJIH YEM ITPOU3BOIUTCS (mpu moMOIIM KOMITBIOTEPHBIX
nevicteue. [Ipennoru nepeBoasITCsa «IyTémy», porpamm).

«IIPH MIOMOIIK», KIIOCPEIACTBOMY JTHOO The production line is supplied | IIpon3BoacTBeHHAS JTHHHS
COOTBETCTBYIOT TBOPUTEIILHOMY MAJICIKy U HE with raw material. CHa0XaeTCs ChIPbEM.
IIEPEBOISATCSL.
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IIponoskenue Tada. 1

[IpaBuna u cnocoObl NEpeBOIA

[Ipumep

[TepeBon

3. CoueranueM riarosa «ObITh» € KpaTKUM
CTpaJaTelIbHbIM MpUYacTheM ¢ cyhduxkcamu
-H- WIH -T-. [ 1aron «ObITE» B HACTOSIIEM

BPCMCHM OITyCKacCTCs.

The mill is built by the workers.
are built
was built
were built
has been built
have been built
shall/will be built
will be built

dabpuka nmocrpoeHa paboOUYNMH.
OCTPOCHBI
OblLy1a MOCTPOCHA
OBLIIM IOCTPOEHBI
ObLiIa MOCTPOECHA
OBLITM TIOCTPOCHBI
OyzieT mocTpoeHa

OylyT MMOCTPOEHBI

4. I'maroyioM Ha -¢sl B COOTBETCTBYIOILIEM

BpPEMCHH, JIMLC 1 YUCJIC.

The goods are being sold with
profit.

were being sold

OTH TOBaphbl MPOJAAOTCH C
MPUOBLIBIO.

NpPOAABAJINCH

5. I'maronom AefiCTBUTENBHOIO 3aJiora B 3-M
JINIIE MHOKECTBEHHOT'O UMCJIa, B

HCOHpelle.HéHHO-HI/I‘IHOM MMPpECIJIOKCHHUU.

The company’s account is checked.
was checked

will be checked

OTY€T KOMITaHUU MPOBEPHIOT.
MIPOBEPUITU

OyIyT MPOBEPSITH
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Oxonuanue Ta0.. 1

[IpaBuna u cnocoObl NEpeBOIA

[Ipumep

ITepeBon

6. I'maroyibl ¢ OTHOCSIIIMUMCSI K HUM MPEAJIOTOM, KOTOPBIE
MEPEBOASATCS TAKXKE TJIArojaMu C IPEIIOTOM:

to depend on — 3aBuceTh OT

to insist on —HacTauBaTh Ha

to look at — cmotpeTh Ha

to rely on — onmpartbcst Ha

to speak of (about) — rooputs 0

to refer to — ccbutaThCs Ha, HA3LIBATH

to deal with — umeTs emo ¢ u ap.
MEePEBOJIATCS TIarojiaMy B HEOMPEeACIEHHO-IMUYHON hopme,
PUYEM COOTBETCTBYIOIIUM PYCCKUN MPEJIOT CTaBUTCS
nepe1 AHTJIMUCKUM TTOJIJIEKAILIAM.

The new plant is much spoken
about.

This article was often referred to.

O HOBOM 3aBOJC MHOI'O
rOBOPAIT.

Ha 51y crarbsro yacTo
CCBUIAJIUCH.

7. I'marosiel 0€3 NpeuIoroB, KOTOPbIE MEPEBOASITCS
IJ1aroJjaMy € MPEIJIOTOM:

to affect — BausTh Ha

to answer — orBeyaTts Ha

to influence — BausTH Ha

to follow — cirenoBats 3a u ap.
MEPEBOAATC IJIarojaMy B aKTUBHOM 3QJI0T€ WIIH
HeonpeeaEHHO-TUIHON (popme, MpUYEM COOTBETCTBYFOIIIHIA
PYCCKHUU MPEIIOT CTABUTCS NEPE aHTJIUUCKUM
MOJJIEKAILAM.

The conditions of work are great-
ly affected by the government.

Ha ycnoBus paboTsl
CUJIBHO BIIUSIET
IPaBUTEIBCTBO.
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HEJIMYHBIE ®OPMbI I'JTAT'OJIA
NMHO®UHUTUB (INFINITIVE)

WupuHUTHB — OCHOBHas (opMma Tjarojia, OT KOTOpOW 00pa3yroTcs Bce
au4yHble (OPMBI TJ1aroja BO BCEX TIPYIIax BpeMEH B JACHCTBUTCIHHOM H
cTpajaTebHOM 3ajiorax. MHOUHUTHB HIM HeompeaeneHHas ¢dopma TIjaroia
codeTaeT B ceOe CBOIMCTBA IJ1aroJia u CyIieCTBUTEIBHOTO.

[Tpusnakom wuH(uUHUTHBA sABIseTcs dactuna "t0". Owna wuHOrAa
OIyCKaeTCs:

1oCJIe MOJAJbHBIX U BCIIOMOTATENIBHBIX TJ1aroio; must (can) produce; do
not produce; Did the mill produce? Will produce u T.x.

nociie raaroyos (uznyeckoro Bocnpusatus: see, hear, feel, watch, notice B

O0O0BEKTHBIX I/IHCI)I/IHI/ITI/IBHBIX O60pOTaX N HCKOTOPLIX APYIUX ClIy4dasX.

HUnempyrkyus 1

[ToBTOpUTE POPMBI HHPUHUTHUBA:

Bpewms Active Voice Passive Voice

Indefinite — BeIpakaeT neiicTBueE, to produce to be produced
OJIHOBPEMEHHOE C JICUCTBUEM,

BBIPpA’KCHHBIM I'J1aI'0OJIOM-CKa3yCMbIM

Perfect — Beipaxkaet aelicTeue, to have pro-|to have been
IPE/IIIIECTBOBABIIIEE ICHCTBHIO, duced produced

BBIPAXKEHHOMY TJIar0JIOM-CKa3yEeMbIM

Continuous —  mmTenbHBIH  XapakTep | to be producing

EeUCTBUSI

Perfect Continuous — nelicrBue Hauvanoch B | t0 have been

IIPOIIIOM M BCE €IIle MPOI0JIKACTCS producing
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DOyHKUMY UHPUHUTHBA

HUnempyrkyus 2
[ToMHHUTE, 4YTO HUHPUHUTUB 8 poJU NOOAeHcaue2o0__BCeraa CTOUT nepeo
ckasyembim_(B Ha4aJe MPEIOKECHNUS).
[TepeBoguTcs: 1) CylecTBUTENBHBIM;
2) HeompeaeneHHoi ¢hopMoii Tiarona.
Oopazer: To know English is necessary. — Heo0xomumo 3namsb aHTIUACKHIA.

3naHue aHTIIMICKOT0 HEOOXOIUMO.

Hnempyxkyus 3
HUnpunumus 6 ponu obcmoamenvcmea yeau 0OTBEYaET Ha Borpoc "ajst yero?",
"c xakoit nenpto?". Crout 1ubO B Hauase, nepes MoAJIeKAIINUM, JIUOO B KOHIIE
npeIoxKeHus. MoKeT BBOJUTHCS coro3amu SO as (10) — ¢ mem, umobwl, in order

(to) — 0 mo2o umobu..

ITepeBomuTcs:
1) neonpeoenennoii popmoii enazona ¢ corozom "wmobwt”, "ons moeo,
umoowsl";

2) cywecmeumenvuvim ¢ npeoiozom "ons”.

Oopazer:  To know English you should work hard. — Ymob6wer 3name
AHTJIMICKUH, BbI IOJDKHBI MHOTO paboTaTh.
Hnempyxyus 4
NHpuHUTUB 6 poiu obcmosmenvcmea ciedcmeus OTBEUaeT Ha BOMpoc '"miis
yero?" M CTOUT mociie ciioB t00 — ciumikoM, enough, sufficiently — nocrarouso,
sufficient — mocratounslii, Very — oueHb. [lepesooumcsi HeonpeoeieHHOU
gopmou enacona ¢ corwszom "(0na mozo) umoobwul”. Cxazyemoe IMpHU MEPEeBOJIC

qaCTO UMCECT OmmeHOK BO03MOMNCHOCMU.
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Oopazer: 1) | am too tired to go to the exhibition — S cauwrom ycran, 4ToObI
UJITU Ha BBICTABKY (UTOOBI 51 MO2 TIOUTH. . .)
2) He is clever enough to understand it. — Ou docmamouno ymeH,

4yTOOBI (OH MO02) TIOHSTH 3TO.

Ilpumeuanue
B anrnmiickoMm s3b1ke ciioBo "enough' Bcerya CTOUT IMOCIHE MPUIaraTeIbHOTO,
HO TEPEeBOJ CIICAyeT Hauunams umennHo ¢ "enough”, a MOTOM MepeBOAMTH
npuiaraTenpHoe: Strong enough — mocraToyHo MpO4HBIA, accurate enough —

JTOCTATOYHO TOYHBIN U T.I.

Unempyxyus 5
OOpaTtuTe BHUMaHUE Ha uH@uHuUmMUE 8 ponu onpedenenusi. On ece20a cmoum
nocie onpeoensieMozo CywecmsumelbHo20 W OTBEYAeT Ha BONpoc "Kakoit?".
NHQUHUTHUB B pOJIM ONIPEICIICHUS Yallle BCETO umeem Gopmy cmpadamenbHO20
3an02a M Nepesooumcs OnpeoeiumenbHbiM NpUOAmoyHbIM NpPeosloHCeHUEM,
BBOJMMBIM COIO3HBIM CJIIOBOM "komopwii”. CkazyeMoe pyCCKOro MpeaIoKEHUs

BbIpAXXacT 00]ZDfC€HCI’I’l6’06aHZ/l€, 6y0yu;ee epemi NN 603MONCHOCNTb.

Oopaszer: 1) The method to be used — memoo, xomopuvii HyscHoO
(modicHo, 6YOym) UCnoivb308ams.
2) A beater roll breaks up the material to be pulped. — bapadau
poJiTa U3MENIbYACT ChIPhE, KOMOPOe HYHCHO TIPEBPATUTH B
maccy (komopoe 6yoem npespaujero 8 Maccy).
Hnempyxyus 6
Hugunumue — uacmo crkazyemoco. VIHQUHUTHB MOXKET OBITh YacThiO: a)
IPOCTOrO0  CKa3yemoro; ©0) COCTaBHOTO WMEHHOTO WJIM B) COCTaBHOTO

MOJAJIbHOI'0 CKa3yeMoro (=COCTaBHOFO TJIaroJpHOI 0 CKa?)yeMOFO) JUiib B TOM
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cllydae, €Clid €My MpeIIIecCTBYIOT Tiaroibl to be, to have, moodanvuwiii unu

B8CNOMO2AMENIbHBIU 21A2O0.

Oopaszer: 1) The purpose of the system is to maximize  production. -
HGJ'II) 3TOU CUCTCMBI — MaKCHUMAJIbBHO IIOBBICUTH
IMPOU3BOAUTCIBHOCTD. I_[CJ'IB CUCTEMBI cocmioum 6 mom,
4yTOOBl MaKCUMAJIBHO. .. HCJ’IBIO CUCTCMbBI  AeJiAdemcA
MAaKCHUMAJIBHOC ITOBBIIIICHUC. ..

2) The system is (has) to maximize production = The system
must (should) maximize production. — Orta cucrema 10JKHA

MAaKCHMAJIBHO ITOBBICUTD IIPOU3BOJHUTCILHOCTD.
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Tab6auua 2

INPUYACTHUE
Buix @OyHKIUS B MIPEAJIOKEHUH U TIEPEBO/T
prHacTs YaCTh CKa3yeMOoro onpeeIcHue 00CTOATENLCTBO
1. Participle I | He is selling his goods. The merchant selling his goods pays a | (When, while) selling his goods,
Active voice | OH mpoaaéT cBOM TOBapHI. profits tax. the merchant pays a profits tax.
selling Toproser, npoaarwmmii cBou ToBapsl, | [IpogaBasi cBou ToBapwI,
writing (M1t oGpa3zoBaHusi BpeMeH IJIATUT HAJIOT C MPUOBLIH. TOProBEIl IUIATUT HAJIOT C
rpymer Continuous. IpUOBLITH.
CaMOCTOSITETTHHO HE The seller examined the letter contain-
TICPEBOJIUTCS). ing an interesting offer. (deenpuuactue Ha -a, -51).
[Iponaser u3yuus MUCbMO,
coJiep:kaBIlee UHTEPECHOE
IPEAJIOKEHHE.
(ITpuuacTtue Ha -1IUH, -BIIHI).
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 mpoaaoTCs. Korna ux mepeBo3sit (Bo Bpemsi

being written

(mst oO6pazoBaHus TPYyMIIBI
Bpemen Continuous
MaCCUBHOTO 3aJI0Ta.
CaMOCTOSATENBHO HE
TICPEBOJIUTCS).

IIponaBaempblie TOBaphI ObLIN
MIPOU3BEICHBI 32 TPAHULICH.

(ITpuuacTtue Ha -€Mblil, ~-UMBbIi1).

nepeBO3KH) TOBAPHI CTPAXYIOTCS
IIPOTUB BCEX PUCKOB.
(ITpunatounoe
00CTOSITETLCTBEHHOE
MPEIIOKECHHE; CYIIICCTBUTEIHLHOC
C TIPEJIOTOM).
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OxoH4yaHue Ta0J1. 2

Bun @QyHKIHA B IPEIJIOKEHUU U IIEPEBOJ
1IpHIacTHsA 4acTh CKa3yeMoro onpeiesieHne 00CTOSITETHCTBO
3. Participle Il | 1) He has sold his goods. The goods sold gave substantial If sold, the goods will give substantial
Passive voice | OH ipoaal CBOM TOBapHI. profit. profit.
sold (It o6pazoBanus BpeMeH IIpoxanHbie TOBapHI IPUHECIN Ecau ux mpoaaTe, TOBaphl MPUHECYT
written Perfect. CaMmoCTOSTENBHO HE | CYIIECTBEHHYIO MPUOBLIb. CYIIECTBEHHYIO MPUOBLIb.

MIEPEBOIUTCH).

2) The goods are sold.
ToBapel NpOJaHEL.

(st 0Opa3oBaHMs TACCUBHO-
ro 3asiora. CaMmOCTOSATEIBHO
HE MTEPEBOUTCS).

The problem discussed yesterday
IS very important.

[Ipob6nema, o0cyxkaaBmascs
BUEpa, OUCHb BaXKHA.

(ITpuuacTtue Ha -IUHACS, -MBIi,
-HBIH, -ThIM, -BIIAKUCS).

(OOCTOATENBCTBEHHOE TPUAATOYHOE
MPEI0KEHHE).

4. Perfect Par-
ticiple active
voice

having sold
having written

Having sold his goods he got sub-
stantial profits.

IIpoaas cBOM TOBapHI, OH MOJTYYUIT
CYIIIECTBEHHYIO MPUOBLI.
([deenpuuacTre Ha -MB, -aB).

5. Perfect Par-
ticiple Passive

voice
having been
sold

having been
written

Having been sold, the goods gave
substantial profit.

IHocse Toro kak ToBapbl ObLIN
NPOAAHbI, OHU TPUHECIH CYIIECTBEH-
Hyto puObLIh. ([Ipraarounoe odcTo-
ATEJIBCTBCHHOE TPEIOKCHHE).
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TEPYHJIUN

Tao6auua 3

OyHKIMA B IPEIII0KEHUN

[Ipumepsnl

ITepeBon

1. Ilomnexaiee

Chartering of ships is very important
for shipments of goods.

®paxroBanue Kopadieii (ppaxToBaThb
KOpa0Jii) OY€Hb BAKHO IS IEPEBO3KU
TOBApOB.

(MUn¢pwuHUTHB, CYIIECTBUTEIBEHOE).

2. YacTpb cKa3zyemoro

The main task is keeping customer’s ac-
counts.

['naBHas 3a1a4a — XpaHeHHe CUETOB
KJIMEHTOB (XPaHUTh CUETA KIIUEHTOB).
(CymiecTBuTenbHOE, HHOUHUTHUB).

3. [Ipsimoe gomonHeHue

The situation requires controlling the
supply.

Curtyanus TpeOyeT ynpaBJsiTh
(ympaBJieHus1) TOCTaBKaMH.
(UuduHUTHB, CYIIECTBUTEIBHOE).

4. Onpenenenne (0ObIYHO € MPEAIOTOM
of, for mocne cymecTBUTETLHOTO)

The ability of influencing the commerce
Is studied attentively.

CriocoOHOCTH BJMATH (BJIUSIHUSA) HA
TOPTOBITIO U3y4YaeTCsi BHUMATEIHHO.
(CymiecTBuTenbHOE, HHOUHUTHUB).

5. OOCTOSATENHCTBO

(0OBIUHO C mpeIoraMu:

IN — mpu, B TO BpeMs KaK,

on (upon) — mo, moc.Jie,

after — mocue,

before — mepen,

by — TBopHT. maxex,

instead of — BMecTO TOr0 YTOOKI,
for — pas v T.10.

He is able to discuss the terms of an or-
der without receiving our special au-
thorization.

OH MokeT 00CcyX)aaTh YCIOBUS 3aKa3a
0e3 moJiyyeHusi (He moJry4asi) HaIero
CIEIHUAIIBHOTO pa3pelIeHus Ha 3TO.
(CymiecTBUTENBHOE C TIPEIJIOTOM,
JIECTIPUYACTUE C OTPULIAHUEM).
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Yacts |11, YTEHUE HAYYHBIX CTATEH

ARTICLE 1
Task 1. Answer the questions:
What do you know about energy crisis?
Is that a global problem?

What solutions do you see?

Task 2. Read the text below.
Climate Change and Energy Management Strategies
(by Elshan Moradkhani)

Abstract

Current climate challenges and energy concerns have urged scientists, re-
searchers, and governments to take action in order to reduce carbon footprint
and energy consumption. Considering the growing need for energy supplies, the
reliability and sustainability of power plants are another area of concern for
communities. Since building is among the major consumers of electricity (al-
most 40%), the energy management strategies have been substantially focused
on demand side management and building operation system. Energy efficiency,
peak-load management, and demand response are among the most outstanding
and widespread practices in order to reduce building energy consumption and
peak demand. Smart grids and smart meters are considerably gaining the atten-
tion of policy makers in most developed and developing countries. This paper
will revolve around these outstanding energy management strategies and tech-
nologies and their merits and drawbacks in the journey of current communities
towards sustainability.

Keywords

Smart Meters, Electricity Rate, Smart Grids, Climate Change, Peak Load

Management

27


https://www.scirp.org/Journal/articles.aspx?searchCode=Smart+Meters&searchField=keyword&page=1&SKID=0
https://www.scirp.org/Journal/articles.aspx?searchCode=+Electricity+Rate&searchField=keyword&page=1&SKID=0
https://www.scirp.org/Journal/articles.aspx?searchCode=+Smart+Grids&searchField=keyword&page=1&SKID=0
https://www.scirp.org/Journal/articles.aspx?searchCode=+Climate+Change&searchField=keyword&page=1&SKID=0
https://www.scirp.org/Journal/articles.aspx?searchCode=+Peak+Load+Management&searchField=keyword&page=1&SKID=0
https://www.scirp.org/Journal/articles.aspx?searchCode=+Peak+Load+Management&searchField=keyword&page=1&SKID=0

1. Introduction

Since the Kyoto protocol in 1997 identified global warming as a major is-
sue and recognized anthropomorphic CO; as the major contributor, focus has
been directed to reduce or eliminate these emissions in order to alleviate climate
concerns. A rise in greenhouse Gas (GHG) emissions began with the industrial
revolution 250 years ago. Unfortunately, there are increasing releases of GHGs
as technology progresses and demand for energy is expanding due to developing
economies such as China and India. For example, total primary energy require-
ment (PER) in China increased from 570 to 3200 Mtce (Megaton of coal equiva-
lent) from 1978 to 2010 for an annual average growth rate of 5.6% per year.
This number is estimated to increase up to 6200 Mtce by 2050, while more than
70% of this energy is thought to be supplied by fossil fuels, introducing more
CO, to the environment. This increasing trend has urged scientist to take action
and to apply and create more energy efficient technologies, detect any potential
area to increase efficiency in existing systems, and most importantly to identify
and target end users consuming highest amount of energy.

Energy crisis is a broad issue that needs governmental action as well as
social engagement. Climate change and society are inseparable; human contribu-
tion in climate change is undeniable, on the other hand, climate change increas-
ingly affects human welfare. However, researches have shown that societal and
individual engagement in global warming mitigation and their knowledge and
motivation to do so is extremely limited. Public awareness is not merely enough
to press the illness, private individuals need behavioral engagement; people need
to understand the cause and consequences of carbon emissions, and should be
given the ability to reduce their carbon emission in their everyday life or, in oth-
er word, need to be “carbon capable”. Social and lifestyle changes should be ad-
dressed all over the communities; governments, industries, commercial sectors,

academia, and individuals.
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Although social awareness and climate concerns are getting widespread,
there are some structural, economic, and social barriers hindering societal en-
gagement. Smart grids and smart buildings have capabilities to create opportuni-
ties for consumers to engage in low-carbon lifestyle. They enable policymakers
to specify tariffs in a way that they could motivate consumers to cooperate with
smart grids and enable both smart grids and consumers to integrate local or cen-
tralized renewable energy sources into the electricity network.

The ramification of global changes is not limited to direct effects on hu-
man welfare and future life on the planet. It does have some indirect impacts
that are less emphasized when referring to global warming. The growing popula-
tion and developing technologies surprisingly increase demand for energy sup-
plies. Although power plants expansion is inevitable, the commitments to cli-
mate change mitigation tends to decrease CO, emissions. During peak hours,
when electricity demand is maximum, power plants are more distressed to pro-
vide electricity for their growing customers. Power outage may occur that is one
of the most outstanding indirect impacts of climate change on people’s life.
Power outage could even happen because of the extreme weather, resulting from
human activities, damaging power infrastructures specifically transmission lines.
To prevent power outage, while avoiding power plants expansion, communities
need either to utilize alternative energy sources like renewable energies or ener-
gy storage systems or to reduce consumptions especially during peak hours. In-
termittent renewable energy sources are not yet efficient and reliable enough to
control energy market. Expensive infrastructures and retrofits are required be-
fore RESs extensive implementation. Energy storage, if available, could provide
heat or cold for limited hours a day. Energy management and demand response,
however, are long-term, reliable solutions for current energy and climatic crisis.
The economic and technical barriers in replacing fossil-fueled power plants with
RESs shed light on the significance of energy-efficiency, demand reduction, and

low-carbon activities. In order for communities to reduce their carbon emissions
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and mitigate climate change, to increase overall sustainability and stability, and
to decrease climate change impact on human being a stable and reliable power
system is required; Smart grids.

It is simplistic to assume that the stability that smart grids may create
would not require human intervention and their societal and behavioral adjust-
ment. Smart network include smart buildings and smart users. People, in aver-
age, spend more than 90% of their time inside buildings and this dependence
makes buildings and human inseparable. One of the greatest building services in
HVAC system that is one the largest energy consumers inside building. When
Demand Response (DR) occurs in a smart building (manually or automatically)
the temporary reduction in building services (lighting level, heating, cooling,
and ventilation,) would affect building occupants negatively and would com-
promise their thermal comfort resulting from a reduction in HAVC services dur-
ing peak hours. Consumer’s motivations to cooperate with smart grid (their con-
cerns for environment, their own and offspring’s health and safety, or their
budget) or even their denial to cooperate would have an impact on their expecta-
tions and behavioral adjustment. The current paper elaborates on different
measures and strategies that have been introduced to alleviate climate concerns
and manage energy consumption and build power network sustainability as well
as their merits and drawbacks.

2. Energy Management

Buildings have been major contributors in current energy crisis and cli-
mate challenges. N. Motegi in his paper discusses the different measures that are
common in building industry to manage energy consumption, utility bills, and
greenhouse gases emissions. Energy efficiency and conservation that mean low-
ering energy consumption without affecting building services and reduction in
unnecessary energy consumption respectively are among the most important
practices. These measures are possible through installing energy efficient

equipment and operating building efficiently through manipulating building au-
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tomation systems (BAS) and control systems. Industrial energy management,
since industries consume a substantial amount of energy each day is another
growing area of research and development. Industrial refrigerators are other ma-
jor consumers of electricity. Novel technologies, however, try to replace fossil
fuels with renewable energies and recover waste heat to reduce energy con-
sumption. In, an industrial, ammonia-water absorption refrigeration system that
consumes solar or geothermal energy or power plants waste heat as energy sup-
ply is analyzed and cooling effect (down to 233 K) is studied with 12% higher
efficiency relative to similar fossil-fueled system. In another paper she compares
this system with a conventional fossil fueled system and a 6% increase in COP
was shown through recovering waste heat in expander.

Second practice is peak load management, which includes demand limit-
ing (discharging loads during a pre-defined peak demand) and demand shifting
(changing the time of electricity consumption). These practices can be achieved
through energy storage systems installation (like cold or heat storage) or by
postponing practices like laundry or dish washing to later times like late at night
when energy consumption is relatively lower.

The third practice, demand response (DR) shares the same concept with
peak- load management; however, DR initiates in response to high electricity
price or high demand and grid limited capacity and it takes benefit of real-time
pricing and grid reliability data while there is no pre-determined peak-demand.
In, DR is defined as “dynamic and event-driven that can be a short-term modifi-
cation in costumer end-use electric loads in response to dynamic prices and reli-
ability information”. DR will be discussed more in following paragraphs. Figure
1 depicts and compares the demand saving potential of energy efficiency and
demand limiting, shedding, and shifting.
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3. Smart Grids and Smart Meters

3.1. Definitions

Since information and communication technology (ICT) has given rise to
the concept of smart grids and smart meters, the challenge of integrating end us-
ers with the grid and maximizing this communication network capabilities in
terms of saving energy, demand, and the environment has been under spotlight.
The word “smart” is a broad context and when it refers to building or energy
system it translates to something that is equipped with advanced technologies
and control system, enabling different things to communicate with each other
within the network and efficiently respond to internal and external signals.

Based on this definition, smart grid is the modernized and revolutionary regime
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Figure 1. Examples of load shapes, this chart is conceptual; the data are
not from actual measurements.

electrical grid that is equipped with information and communication tech-
nology to efficiently produce, transmit, and distribute electricity. Its interaction
with smart meters within the network improves grid sustainability and stability.
Patrick McDaniel defines smart grid as “a network of computers and power in-

frastructures that monitor and manage energy usage”.
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Smart meter system is a bidirectional communication device between
smart meter and smart grid that includes smart meter, communication tools, and
control devices. Smart meters can read and record real-time consumption data
from consumer’s premises and securely communicate data. These devices send
feedback to power grids and enable them to have secure access to consumption
data. Moreover, they enable consumers to receive real-time data including real-
time prices and to adjust their consumption pattern. Smart meters are program-
mable and are equipped with sensors, enabling them to control appliances and
other electric devices, turn them off and on when needed, control maximum
consumption, and so on. Additionally, smart meter is capable of distinguishing
among different power sources and based on the source type (customer-owned
energy storage devices or renewable sources, decentralized sources, or power
grids) it provides billing information. Smart meters can also communicate with
each other if accessible, compete with neighbors in reducing energy consump-
tion, and provide electricity from locale producers if available. The schematic
below depicts the differences between manual and smart meters.

Buildings consume approximately 40% of total energy consumption in
developed countries and almost half of this energy (20%) associates with HVAC
system, providing building occupant’s with acceptable thermal comfort. Assum-
ing this large amount of energy dedicated to buildings and occupant’s thermal
comfort it is almost impossible to have a sustainable community lacking green,
smart, and sustainable buildings and HVAC systems integrated to the smart en-
ergy network. Smart buildings, through involving in Demand Response (DR)
programs could contribute to electricity network sustainability in the communi-
ty; however, engineers and facility managers should be aware of the ramification
of this cooperation on building occupants, specifically their thermal comfort.
Since HVAC systems are the major end-users of electricity they have a substan-
tial potential to integrate with DR events. Figure 1 shows a conceptual load dis-

tribution during day time.
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3.2. Smart Grid Vulnerability

Developed countries such as Germany, UK, US, Canada, and Australia
are committed to install smart meters in households in order to manage peak
demand and GHG emissions and to increase electricity network security and re-
liability. Other capabilities are integrating renewable energy sources and even
local retailers and electricity producers (prosumers) into the smart grids, smart
meters and associated communication technology. However, some drawbacks
are limiting consumer’s interest and increasing concern over widespread imple-
mentation of smart meters. First, installation, replacement, and maintenance of
smart meters require billion dollars to be invested. Moreover, there should exist
a robust network for all interconnected components and electrical devices (The
internet of things) to communicate with each other. This is a sizable challenge
for utility companies as well; they need to adjust with ongoing technology and
make choices available for customers to cooperate with smart grids. The re-
placement and maintenance expenses can be decrease by using newly developed
SHM methods which replace the scheduled-based maintenance with as-needed
maintenance. Guided wave based SHM methods are among these methods
which has been extensively researched using different methods such as WSFE-
based UEL and the peridynamics. The climate change has some practical impli-
cations which limit the predictability of the energy generation. As an example,
this fact is more emphasized when using wind turbine energy.

Network systems, rather than demanding a substantial investment for de-
ployment and maintenance, they are prone to malicious cyber and terrorist at-
tack, theft, consumer’s misuse of other’s data, etc. Smart meters could possibly
reveal household’s consumption data while communication, data that carry in-
formation about occupant’s absence or presence at home. Therefore, smart meter
struggle with considerable privacy and security challenges while collecting and
transmitting data that needs to be eliminated before gaining widespread applica-

tions (even though they are already broadly implemented in many countries es-
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pecially in Europe). Recent efforts revealed that even existing countermeasure
techniques do not eliminate vulnerability issues. It is worth to mention that both
power grids and buildings have been prone to cyber-attack even before their in-
terconnection in the form of the internet of things. However, due to the in-
creased points of entries in a heterogeneous network with interconnected devices
and their different capabilities, and because of distributed, multi-agent control
system in contrast with the hierarchical control system in conventional net-
works, it is complicated to provide a strong and uniform protection for the entire
smart network. Figure 2 provides a comparison between conventional and smart

methods of energy metering.

Conventional Energy Meter

Residential Conventional Mimual Manual

or Industrial —=—=>{ ——> Collection of F=—=> -
. Energy Meter Billing
Customer Data

Smart Meter System

Residential

or Industrial K&=> Smart Meter Database
Customer

Communication Communication

<—>1 Gateway (K>

Interface/Protocol Interface/Protocol

Figure 2. Conventional vs. smart meters

Data storage and transition is another notable challenge for smart meters.
Since the storage capacity is always limited, it is important to identify important
data to store and the storage time period. Data transition that usually occurs
through low bandwidth brings about a heavy traffic making data storage and
transition capacity so limited. However, the advantages smart meters offer to the
power grids and to their customers outweighs its drawbacks and with lots of en-
gineers and researchers struggling hard to improve the existing prototypes and
minimize their deficiencies a brighter future for smart meters in power grids is
yet to come.

Nowadays, with an increasing demand to develop a sustainable communi-

ty, building a reliable energy network is critical since the foundation of a sus-
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tainable community lays on a sustainable energy system. A sustainable energy
system is the one that allows for interactions between various energy sources,
domestic, decentralized, or centralized, renewable, or conventional energy sys-
tems. A robust energy system through manipulating GIS (Geographic Infor-
mation System) is capable of fault detection and could pin point the location of
inefficient devices, enabling energy network to prevent losses. A smart meter is
a device that helps customers to monitor consumption data for each appliance,
control power quality and peak demand, and/or shut the electricity down when
consumers exceed the maximum consumption threshold. A smart grid that could
distinguish between electricity coming from power grids and those coming from
thermal storage or renewable sources could help utility companies in billing
their customers based on the real-time data. Soma Shekara in his paper encour-
ages developed countries to replace their conventional power networks with
smart grids to overcome their sustainability and peak demand challenges.

4. Dynamic and Time-Dependent Electricity Rate

At the beginning of 20th century, California encountered a severe electric-
ity capacity shortage in a part resulting from inappropriate link between whole-
sale and retail market and lack of engagement in real-time demand response by
retail market. Since then, both in California and across the United States the en-
ergy policy shifted towards enhancing real-time demand response to the dynam-
ic electricity pricing through a robust real-time link between wholesale and retail
market in residential and commercial sectors. The Energy Policy Act of 2005
urges all the facilities and technologies nationwide to be available for electricity
customers enabling them to participate in demand response practices and to ad-
just themselves with volatile, real time electricity pricing system.

Direct Load Control (DLC) program and Time of Use (TOU) tariffs are
being applied for years in residential building as two major tariffs in order to re-
duce peak demand. DLC programs offers billing credits in exchange of large

end- users consumption control and management. This program is usually active
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during summer and its major targets are central HVAC systems. A major prac-
tice of DLC i1s increasing thermostat setpoint up to usually 4°F or turning HVAC
systems on and off in varying increments during hot summer days. DLC is easy
for customers to apply it with existing technologies, however, it is not a time-
based practice and it cannot be helpful during special events and emergency
times.

TOU or time of use program allocates higher electricity prices for week-
day afternoons. Therefore, a constant time dependent schedule helps power sys-
tem reliability through decreasing peak-hours consumption and shifting usage to
the off-peak hours. However, it does not support a dynamic, real-time, and event
driven tariff applicable to emergencies when power system works near or with
full capacity.

Although TOU tariffs have been successful in improving power grids reli-
ability and demand reduction, their participation in on-peak reduction is typical-
ly around 5%. The tendency for considerable peak-demand reduction in North
America and securing grids reliability especially on event driven basis has
drawn attentions towards dynamic pricing such as Critical Peak Pricing (CPP)
and Real Time Pricing program (RTP) program.

CPP shares the same principal as TOU tariffs; however, these tariffs are
applied only to limited special events where high demand is predicted in ad-
vance. Real-Time price, however, mirrors real-time production cost of electricity
in the market. Thus, the electricity rate varies hourly and price vs. time of the
day profile changes on a daily basis. The electricity price in not known until ap-
proximately twenty four to one hour beforehand and in contrast to above men-
tioned tariffs there is no predetermined ¢/kW available. RTP have been consid-
erably successful in saving demand and money in large commercial and indus-
trial firms, nevertheless, RTP implementation is so confusing and troublesome
for small households so that it is not usually applied for household applications,

instead, CPP is a more common measure for residential purposes.
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5. Demand Response

5.1. Definitions

“Demand response (DR) is a set of time dependent program activities and
tariffs that seek to reduce electricity use or shift the usage to another time peri-
od”’; in other words DR is a set of consumers actions, either voluntarily or im-
pulsively, in order to flatten the demand profile, reduce consumption during
peak hours, and enhance grid security and reliability. Demand response enables
control system that is linked with a smart grid to reduce or delay electricity con-
sumption in peak hours. Since peak-demand is coupled with peak pricing, de-
mand response would help consumers in decreasing their electricity bills (cost
reduction) and would contribute to a more reliable and sustainable electric grid.
Demand response has a similar policy to energy efficiency, however, when- ever
demand response does not affect building services and occupant’s comfort it
should be considered a “permanent energy efficiency opportunity”. Unlike ener-
gy efficiency measures, that are part of normal building operation, DR has dy-
namic characteristics and takes place in response to smart grid signals as a tem-
porary reduction in service. These signals are in form of phone calls, text mes-
sages, or emails for manual and semi-automated DR and in the form of direct
signals from smart grids to equipment and control system in fully automated
DR. DR is applicable both manually and automatically or as a mixture of two
that is called semi-automated DR.

5.2. HVAC-Based Demand Response

In cooling seasons when outside air temperature goes up, the demand for
HVAC systems is maximum and this is synchronized with maximum electric
rate (peak hours). A demand response program is capable to reduce energy con-
sumption, utility bills, and peak demand at peak hours. In, the primary goal of
HVAC- based DR is discussed to minimize peak demand while minimizing
negative effects of building occupants. He proposes that there are two major

strategies to meet these goals: “Global temperature adjustment of zones, or sys-
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tematic adjustment to the air distribution system and/or cooling system”, while
the first strategy better guarantees DR goals. Each building differs in DR strate-
gies depending on building design and application, climate condition, mechani-
cal equipment, building automation system, and building control and energy
management policies. It is impossible to precisely predict the DR saving poten-
tial due to its correlation with dynamic outside air pattern and unpredictable en-
ergy demand.

(Moradkhani, E. (2017) Climate Change and Energy Management Strate-
gies. Computational Water, Energy, and Environmental Engineering, 6, 143-
153. doi: 10.4236/cweee.2017.62011.)

Task 3. Summarize all the ideas of the article and write an essay.

Task 4. Make a presentation based on the article.
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ARTICLE 2
Task 1. Answer the questions:
What treatment technologies for the pulp and paper industry are used nowadays?
What treatment technologies can you offer to use in the future?

What are the solutions for industrial effluents?

Task 2. Read the text below.

Additive and additive-free treatment technologies for pulp and paper mill
effluents: Advances, challenges and opportunities.

(by Mohammadreza Kamali, Seyedeh AzadehAlavi-Borazjani, Zahra
Khodaparast, Mohammadreza Khalaj, Akram Jahanshahi, Elisabete Costa,

IsabelCapela)
Abstract

In the present manuscript, novel effluent treatment processes for pulp and
paper mill effluents are divided into two categories: a) those involving the use of
chemical additives and b) those which are free of such chemicals. It is especially
of high importance for pulp and paper industry to adopt the most efficient and
cost-effective treatment methods. This paper critically reviews the recent studies
on the treatment of pulp and paper mill effluents while providing suggestions for
further studies on the application of various physic-chemical and biological
methods for the treatment of such complex effluents containing a number of re-

calcitrant pollutants.

Keywords

Pulp and paper industry, Industrial effluents, Chemical additives, Non-

additive treatment processes
1. Introduction

It is well known that the effluents from pulp and paper mills (PPMs) are

highly polluted by various types of recalcitrant organic pollutants such as ad-

40


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/effluent-treatment
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/effluent
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/additive
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pulp-and-paper-industry
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pulp-and-paper-mill-effluents
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/biological-method
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/biological-method
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/contaminant
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/wells
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/effluent
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pulp
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/paper
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/contaminant

sorbable organic halides (AOXs), as well as inorganic chemicals normally added
during the process of producing pulp and/or paper. However, the amount
of pollutants loaded to the final effluents is highly dependent on various parame-
ters such as the type and the stage of the manufacturing process and the type of
the raw materials used for the production of pulp and/or paper. Due to this fact,
there is a need for treatment methods which are efficient enough, while being
both cost-effective and environmentally friendly. It is also of high importance to
emphasize that the effluents treatment technology to be adopted by the industry
must have the ability to be easily transferred from lab-scale installations to full-
scale applications. This is one of the most important issues that must be taken
into consideration because a number of methods developed so far for the remov-
al/degradation of recalcitrant compounds were used in lab-scale experiments but
with a limited number of evidences for a rapid transferring of the newly devel-
oped techniques to real-scale applications. There are a number of barriers for
the commercialization of the novel wastewater treatment technologies. The ex-
pertise and financial supports required (for instance in terms of the initial in-
vestments), the insufficiency of the regulations especially in the developing
countries which are not able to force complying with the scientific-
based environmental standards, and the treatment costs associated with the ap-
plication of advanced treatment methods are among the most important barriers.
Although European Commission has described the best available technologies to
be adopted in large scale applications by pulp and paper mill industry, there is
still a need for the industry to continue the collaborations with the researchers to
prove and implement new emerging technologies for higher water quality stand-
ards. This paper aims to explain the role of chemical additives in wastewater
treatment, and also to address the chemical free methods, specifically for the
treatment of the P&P mill effluents. The novel treatment methods which have

been developed very recently, have also been critically reviewed based on their
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individual role and their cumulative effects when combined with biological or

other physical-chemical methods.
2. Novel P&P mill wastewater treatments

As stated before, it is of high importance to evaluate each treatment meth-
od according to several criteria including their treatment efficiency, their subse-
quent environmental drawbacks and also the economic issues attributed to the
treatment method under consideration. Accordingly, this section has been divid-
ed into three main topics involving methods with the application of chemi-
cal additives (Section 2.1), non-additive methods (Section 2.2) and a combina-
tion of both mentioned treatment methods (Section 2.3) to deal with

the effluents from pulp and paper mill industries.
2.1. Additive-based treatment methods

The addition of various chemicals (such as coagulants, oxidation agents,
etc.) has been developed as a promising way to treat highly polluted and com-
plex effluents. This section considers the recently developed methods based ei-
ther on the addition of a single chemical, or those relying on the addition of mul-
tiple chemical compounds for the treatment of pulp and paper mill effluents.
Considering that the sustainable development of the treatment methods are high-
ly related to both the efficiency of the applied method and also to the probable
subsequent toxic effects of the chemical additives, such features have been high-

lighted in this section.
2.1.1. Single-additive treatment methods

The addition of a single chemical to the content of the pulp and paper mill
effluentsis the basis of conventional treatment methods such
as adsorption, flocculation and coagulation, oxidation, etc. However, recent pub-
lished papers have mainly focused on the adsorption and oxidation when just a

single strategy is desired for the treatment of pulp and paper mill effluents.
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Adsorption has been demonstrated as an efficient method for the treat-
ment of various types of wastewaters due to numerous advantages such as sim-
plicity in design as well as cost-effectiveness in terms of initial investment
and land requirements. In order to remove both color and organic/inorganic con-
taminants from pulp and paper mill wastewater, various adsorbents including
activated carbon, silica, fuller's earth, coal ash, bentonite, etc. have been applied.
Among the existing adsorbents, it has been reported in the literature that activat-
ed carbons can offer a higher adsorption performance due to its specific charac-
teristics such as high specific surface area, large pore volume, high-speed kinet-
ic, and coarse texture. However, drawbacks such as being expensive and the
need for costly and time-consuming measures to remove the molecules adsorbed
inside the pores have stimulate the search to explore substitutes that are availa-
ble, with low-cost, are reusable and ease of application.

Over the recent years, the performance of various adsorbents has been
tested in order to remove dyes and other pollutants from PPMW. Sajab et
al. studied the effects of oil palm empty fruit bunch (EFB) fibers modified with
cationic polyethylenimine on the removal of colour and organic pollutants from
bleaching P&P effluents originated from two treatment stages: primary clarifier
and biological aeration tank, named as A and B effluents, respectively. Their
experimental results indicated that by increasing the adsorbent dosage, colour
and biological oxygen demand (BOD) were significantly reduced in both A and
B effluents. For the adsorbent dosage of 9 g/L, there was a BODs reduction of
approximately 32.3% and 90.4% in A and B effluents, respectively. Moreover,
the maximum colour removal was reported to be 93.6% and 87.5%, respective-
ly, although total organic carbon (TOC) was only slightly reduced. It should be
also noted that in their study, an inverse relationship was observed be-
tween pH and colour and TOC removals.

As discussed by Kamali et al.some effluents, especially those

from Eucalyptussp. pulp and paper making processes, may contain relatively
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high amounts of phosphorus. In this case, cost effective methods are also re-
quired to treat such effluents preventing their discharge to the environment.
Among the recent studies for the removal of phosphorus from the effluents,
Barbosa et al. suggested the application of ashes (both fly and bottom ashes),
because of their high phosphorus adsorption capacity and their low cost. By ad-
dition of fly ash or bottom ash to a P&P mill wastewater (solid/liquid ra-
tio=34.45 g/L for fly ash and 46.59 g/L for bottom ash) more than 90% of the
phosphorus removal was achieved. Ecotoxicological studies using two organ-
isms including Vibrio fischeri and Artemia franciscana also indicated that there
was no acute toxic effects of the supernatant effluents resulting from treated
P&P mill wastewater using this method. Although there are some reports in the
literature on the application of ashes from various origins for the treatment of
different effluents, as a single treatment additive, the number of published works
on the treatment of effluents from P&P mills using these materials is rare. It is
worthy to note that this technique can provide an opportunity to deal with highly
polluted effluents such as those from P&P mills, especially those from bleaching
stages.

Providing adequate nitrogen sources for the microorganisms has also been
an issue for conventional wastewater treatment plants using biological process-
es. So, exploring proper nitrogen sources as an additive to enhance the microbial
activities would be a need for most wastewater treatment practices. Blank et
al. applied a tertiary treatment by controlling the algal growth inside a photo-
bioreactor. They indicated chitin as a good alternative source of nitrogen for the
treatment of P&P mill wastewater using algae. Their results showed
that algae and cyanobacteria can grow well in the presence of chitin, and they
can uptake and remove the phosphorus from the effluent.

The application of wastes from treatment plants for the treatment
of industrial effluents can be an attractive candidate, especially in terms of eco-

nomic considerations. As an example, a batch adsorption system was developed
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by Khan et al. in which the inactivated secondary excess sludge obtained from
the treatment of P&P mill effluent was utilized as an adsorbent to remove three
major phytosterols: R-sitosterol, R-sitostanol and campesterol during secondary
PPMW treatment. In their study, increasing the concentration of inactivated sec-
ondary excess sludge from 20 to 2000 mg/L caused more than 80% reduction in
liquid-phase sterol concentration during the first 2—4 h. Moreover, following the
same trend, all the three mentioned plant sterols were easily adsorbed onto the
inactivated sludge.

Surface area is a main characteristic for an adsorbent as it may determine
its available active surface sites to adsorb the targeted pollutants. Hence, the in-
terest of very recent studies has also been to maximize the surface area of the
adsorbents. Boonpoke examined the effectiveness of adsorption method us-
ing water hyacinth based-activated carbon with high surface area (1066 m?/g) in
both batch and continuous experiments for PPMW treatment. Within the first
40 min, chemical oxygen demand (COD) and colour were removed rapidly. The
highest removal efficiency for COD and colour (91.70% and 92.62%, respec-
tively) was observed under continuous mode. Furthermore, it can be an area for
further studies to develop adsorbents with very high specific surface area using
some novel techniques in the preparation of these materials
e.g., ultrasonic irradiation in order to prepare adsorbents with both high surface
area and high adsorption capacity.

The use of ion exchange resins for adsorbing harmful contaminants from
P&P mill effluents has also became recently of interest to industries. In this re-
gard, polystyrene spheres (PSs) have been extensively applied as a matrix sub-
stance due to its advantages such as cheapness, availability and high mechanical
stability. However, the cationic or anionic groups on the surface of
conventional ion exchange resins are of short-molecular chains. In order to
overcome this problem, Xiao et al. through the application of modifications to

the spheres surface with a fibrous polymer, intended to study the efficiency of
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cationic polystyrene spheres for the removal of anionic contaminants from pa-
per-making white water. The process started with the acylation of PS spheres by
acryloyl chloride. Then, poly methacryloxyethyl-trimethyl ammonium chlo-
ride (PMAC) was grafted onto cationic PSs spheres using surface-initiated free-
radicalpolymerization approach. The effect of temperature and reaction time on
the removal of dissolved and colloidal substances (DCS) was then investigated
in the cationic PSs concentration of 10 g/L. Their results showed that the adsorp-
tion performance of cationic PSs can be improved by increasing the temperature
due to raising the molecular motion in the system. Furthermore, at longer reac-
tion times, more DCS could be adsorbed onto the surface of cationic polystyrene
spheres. Finally, the obtained cationic PSs spheres indicated the high reusability
feature which can be considered as a cost-effective adsorbent for reducing the
DCS from the white water.

Reusability studies have also been addressed in very recent studies. Mix-
ing adsorbent materials such as biochar, organobentonite and activated car-
bon with zero-valent iron (ZVI) particles was found to be a beneficial way for
separating the adsorbate from the adsorbent, which resulted in the increase of
the adsorbent life time. In addition, it has been reported in the literature that dop-
ing adsorbents with another compound can enhance their overall efficiency. For
instance, doping with some metal catalyst like nickel can enhance
the dechlorination rate of pentachlorophenol (PCP) by zero-valent iron magnet-
ic biochar composites (ZVI-MBC). The removal efficiency of Ni-ZVI-MBC for
the PCP removal from the synthetic and real PPMW was evaluated by Devi and
Saroha. They reported that Ni-ZVI-MBC is the most efficient compound among
the studied materials (97.5% in 60 min). However, the application of advanced
adsorbents such as biopolymers and advanced nanomaterials can be recom-
mended for further studies in order to develop effective and cost-benefit meth-

ods to deal with highly polluted and complex wastewaters from P&P industry.
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There are several reports in the literature on the application of oxidation
processes for the treatment of PPMW effluents. However, it can be stated that
the full-scale implementation of the most conventional oxidation methods is not
economically feasible due to high energy and chemicals requirements for the
complete degradation of recalcitrant compounds. Hence, advanced oxidation
processes (AOPs) which are able to convert the recalcitrant compounds into
more biodegradable substances are considered as a promising alternative within
the existing techniques of the PPMW treatment. Among the various
AOPs, ozone (e.g., as Oz/UV or Os/H,05), Fenton's process (H.O0/Fe*?), photo-
Fenton  reactions (UV/H,O/Fe*?), and UV  radiation  together
with hydrogen peroxide(UV/H,0,) were found to have good performances for
removing the recalcitrant contaminants from P&P mill effluents. In general, ac-
cording to the results obtained from the relevant studies, ozonation with a COD
removal of approximately 40% has been successfully implemented at industrial
scale, mainly due to the presence of these type of facilities previously allocated
for pulp bleaching in some paper mills, whereas Fenton processes with a better
efficiency for COD removal (approximately 65-75%) at a laboratory scale, can
be considered an opportunity for further developments in order to be used at
large-scale applications.

Some recent studies have also been successfully applied, using nano-scale
catalysts for the wet oxidation (WO) of PPMW. For example, Anushree et
al. investigated the catalytic wet air oxidation (CWAQ) of PPMW by NiO-
CeO; nano-catalysts, prepared via a co-precipitation process. The results showed
62% and 75% of COD and colour removals, respectively, at the mild operational
conditions of 90°C and 1 atm. These results can be considered as a proof for the
effectiveness of nanomaterials (such as Ce4oNigo Nano-catalyst) for the oxidation
of non-biodegradable compounds, due to their low size, high surface area and
pore size and volume. Anushree et al. applied the synthesized mesoporous Ce;.

«FexO2 mixed oxides as heterogeneous catalysts for CWAQO of paper mill
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wastewater. Under optimal conditions (temperature 90 °C, pressure 1 atm, cata-
lyst dosage 1 g/L, pH =4, and reaction time of 2 h), Ceg4Feqs0, mixed oxides
revealed optimum COD and colour removals (74% and 82%, respectively). In
addition, examining the possibility of catalyst recovery and reuse exhibited that
Cep.4Feos0, can be applied for three times without a significant reduction in cat-
alytic performance. Non-catalytic wet oxidation methods have also been wider
applied compared to CWAO approach due to its both operational simplicity and
low cost. In a study of a non-catalytic WO process, Dudala et al. obtained COD
and color reductions of 55% and 70%, respectively, from synthet-
ic pulping liquor. The reaction was performed for 4 h at 170 °C and 0.37 MPa of
pressure. At the end of the oxidation process, the biodegradability of the
wastewater was increased from 0.22 to 0.66. From these results, it may be in-
ferred that the non-catalytic wet oxidation process can also present an acceptable
efficiency to reduce contaminants from PPMW.

Combination of oxidation processes and electricity is another option to
maximize the treatment efficiency of the pulp and paper mill effluents. Amongst
the electrochemical advanced oxidation processes (EAOPs), anodic oxidation
(AO) method has attracted a great attention over recent years for reducing toxic
and recalcitrant compounds from highly polluted and complex wastewaters. In
this process, highly reactive hydroxyl radicals (*OH) are generated at the anode
surface (M), according to Eq. (1).

()M + H,O0 - M (*OH) + H* + e~

Anodic oxidation process is an environmentally friendly technique in
which various materials such as platinum, graphite, doped and undoped PbO,,
boron-doped diamond electrodes (BDDs), etc. can be used as anodes. In this re-
spect, Salazar et al. treated raw acid and alkaline bleaching effluents from a
hardwood-based Kraft pulp mill by AO-H;O, process containing an air-
diffusion cathode and a DSA-RuO, or BDD anode at constant cell voltage (2-12

V). In their study, BDD anode showed a much better performance in
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the mineralization of the recalcitrant organic compounds when compared to
DSA-RuUO; anode after 9 h, enhancing TOC removal by 75% and 65% from al-
kaline and acid effluents, respectively. This can be explained by the higher oxi-
dizing capability of its physisorbed *OH and its more inert surface. Three dimen-
sional electrode reactors are another possible solution in this regard. Jing et
al. used a novel three-dimensional electrode reactor for the degradation of acidi-
fied reed pulp black liquor (Fig. 1). Both types of direct electrolysis based on
anodic oxidation and indirect electrolysis based on microcell mechanism re-
vealed a TOC removal percentage of approximately 35.57%. It should be con-
cluded that the three-dimensional electrode systems can be successfully applied
for the degradation of PPMW due to their high specific surface area, low energy
requirement and high mass transfer when compared to the traditional two-

dimensional electrode systems.
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Fig. 1. A schematic of a three-dimensional electrode reactor, adapted from
Jing et al.

The application of polysilicate composite coagulants, as newly developed
inorganic polymer coagulants based on poly-silicic acid (PS) and metal salts, has

attracted great attention in the wastewater treatment field, due to their distinctive
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capabilities for charge neutralization, as well as for adsorption and coagulation
of colloidal particles. In this regard, He et al. prepared a poly-silicic-cation co-
agulant with different Si/(Al+Fe) molar ratios through synchronous polymeriza-
tion, for the tertiary treatment of recycled paper mill wastewater. In this study,
the polymeric aluminum chloride (PAC) was used as benchmark with respect
due to its high-quality coagulant ability. The results clearly showed a lower cost
as well as an excellent performance of the new poly-silicic-cation coagulant for
the removal of COD, colour and turbidity (67%, 95%, and 99%, respectively)
from the pulp and paper mill effluents when compared with the traditional PAC

treatment.
2.1.2. Multiple additive treatment methods

The application of a combination of two or more single additives is anoth-
er opportunity to enhance the treatment efficiency of the pulp and paper mill ef-
fluents due to the synergic effects of the individual additives on the removal of
recalcitrant organic pollutants. However, the number of the combined additive
methods is relatively rare in the literature for the treatment of pulp and paper
mill effluents. Sticky contaminants is a prevalent problem in mills producing
pulp and paper from recycled fibers which can lead to serious consequences on
the paper machine, on the production downtime due to the increase in
the proceedings related to the maintenance, cleaning, replacing of equipment,
etc., and on the increase of the production wastes. Liu et al. evaluated the use of
a bentonite & polyacrylamide (PAM) particle flocculation system for the treat-
ment of recycled fiber PPMW. Under the optimal conditions (bentonite dosage:
150 mg/L, PAM dosage: 10 mg/L, pH: 6.4, temperature: 60 °C), 91.26%, 90%,
99.56%, and 95.58% of methyl-tert-butyl ether (MTBE) extract, COD, turbidity
and suspended solids (SS), respectively, were removed. Additionally, the aver-
age particle size after treatment was reduced from 40.95 pym to 0.5 pm. There-
fore, the bentonite adsorption and coagulation treatments were found to be effi-

cient for recycled fiber pulp wastewater treatment, particularly due to its high
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capacity for the removal of large size particles and suspended colloidal sub-
stances like stickies from PPMW. There are also recent reports on the applica-
tion of industrial wastes for the treatment of industrial effluents. For instance,
Yang et al. prepared an inorganic polymeric ferric aluminum sulfate chloride
(PFASC) composite coagulant using waste pickling liquor from steel mills to-
gether with polyacrylamide (PAM) in a tertiary treatment. They removed COD
and chroma 65.3% and 71.2% respectively, under initial pH 7.5, 1mL/L
PFASC, 1.0 ppm PAM. Very recently, the application of combined additive sys-
tems using advanced oxidation processes have also gained a huge attention. For
instance, Gopalakrishnan et al. used solar/Fe?*/TiO2/H,0, process for the treat-
ment of pulp and paper wastewater and found a maximum COD and colour re-
movals of 98% and 97% respectively at optimum conditions of flow rate
=75 mL/min, liquid depth=5cm and residence time=75min. AOPs us-
ing Fenton reactions have also demonstrated good performance with other phys-
ic-chemical methods. Groétzner et al. achieved 95% for TOC, 61% for COD, and
76% for lignin contents removals using a sequence of coagulation-flocculation-
sedimentation and AOP by Fenton process for the treatment of chemical ther-
mal mechanical pulping effluents from a Brazilian pulp and paper industry.

As a conclusion, it seems that there is room for further studies and devel-
opments in the application of combined low-cost and high efficiency chemical
additives. Meanwhile, studies on the toxic effects and the relevant environmen-
tal drawbacks and life cycle assessment of the combined additives would be es-

sential to promote the full-scale application of such methods.
2.2. Non-additive treatment method

This section aims to review the very recent advances in the treatment of
P&P mill effluents using the methods which are independent of chemical addi-
tives application. To this end, physical, biological treatments and their combina-

tions are included in this section.
2.2.1. Physical treatments
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So far some single physical treatments such as sonochemical irradiation,
electrical flow, or a combination of different physical treatments have been ap-
plied for the decontamination of effluents from various origins. However, the
number of literature publications on the single physical treatments of PPME is
relatively rare. With the aim of reducing colour and turbidity, Shaw
and Lee carried out an ultrasonic treatment (at 357 kHz) of effluents from Kraft
P&P mill. 1t was observed that the irradiation of ultrasound for 25 h resulted in
the drop in the absorbance of the spectra above 250 nm for aromatic compounds.
Ultrasound irradiation (20 kHz—10 MHz) can cause the cavitation involving the
formation, growth, and instantaneous implosive collapse of bubbles in the lig-
uid. This process generates local hot spots with high temperatures (up to
5000 °C) and pressures exceeding 500 atm together with shock wave and micro-
jet (400 km/h). Under these conditions, the destruction of the aromatic com-
pounds in the content of the effluent is facilitated. The simultaneous removal of
colour and COD by using physical methods has been reported by Ebrahimi et al.
They developed a multi-stage ceramic membrane system consisting of a micro-
filter, an ultrafilter and a nanofilter to diminish COD and residual ligninfrom al-
kaline bleaching effluent of a P&P industry (Fig. 2). Such a combination can act
as an energy-saving and environmentally friendly method for the removal of
contaminants and organic matters from PPME as aimed by some other related
studies. According to the results obtained by Ebrahimi et al., the sequential two-
stage process using microfilter and ultrafilter resulted in a good performance in

terms of COD and residual lignin removal by 45% and 73%, respectively.
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Fig. 2. A schematic of a multi stage filtration process for the treatment of

bleaching effluents, adapted from Ebrahimi et al.
2.2.2. Biological treatment methods

Biological treatment methods, which rely on the activity of vari-
ous strains of microorganisms to break down organic substances and harmful
compounds, seem to be economically and environmentally superior to most
physical and chemical methods applied for the treatment of different types of ef-
fluents, including PPMW. The main problem with the application of biological
treatments has been the incomplete treatment of the stream, especially in the
case of the presence of recalcitrant pollutants such as AOXs in bleaching efflu-
ents and lignin-derivatives in the liquor. However, some efforts have been very
recently applied to reinforce the bacterial activities to remove such complex
compounds. Hooda et al., employed a rod-shaped Gram-positive bacterial strain
RJH-1 (isolated from sludge) for the treatment of pulp and paper mill effluents.
Although during initial 24 h of experiments, no significant changes happened to
COD and colour, probably due to the slow adaptation of the bacteriato
wastewater conditions, after a 5 days batch experiments 69% COD, 47% colour

and 37% lignin removals were observed. It is worthy to note that microbial
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strain was also capable to reduce AOXs by 39%. Other microbial strains have
been also recently extracted from other media and applied for the P&P
mill effluents treatment. Tyagi et al. isolated two domi-
nant bacteria Bacillus subtilis and Micrococcus luteus, as well as
one fungi Phanerochaete crysosporium from the soils polluted with P&P mill
effluent. They applied microbial stains for the treatment of the effluents from
a pulp and paper industry and achieved a lignin removal of 97% after 9 days. In
this period, the consortium was also capable to remove 87.2% and 94.7% of
BOD and COD, respectively. Similar removals of BOD and COD by other bac-
terial consortiums have also been recently observed. Significant removals of
BOD, COD, and total solids (TS) of 81.25%, 53.23%, and 81.19%, respectively,
were achieved by Nadaf and Ghosh by utilization of a non-sporulating bacteria,
namely Rhodococcus sp. NCIM 2891 for the degradation and detoxification of
PPMW. Likewise, the concentration of heavy metals recorded from the biologi-
cally treated effluent was less compared to that of influents. Besides the bacteri-
al consortiums, some algal communities have also shown a good performance
for removing the organic material, toxic compounds, and nutrients from PPMW
in a cost-effective manner. For example, Usha et al. reported removal efficien-
cies of 82%, 75%, 65% and 71.29% for BOD, COD, NO3-N and PO,4-P, respec-
tively, from PPMW wusing amixed culture of microalgae in an outdoor
open pond.

Natural-like systems such as constructed wetlands (CWs) have also re-
cently attracted a significant interest as promising biological options to diminish
the nutrients and the pollutants from wastewaters. The main advantages of such
systems are their cost-effectiveness and less environmental impacts as compared
to conventional treatment approaches. Choudhary et al. studied the performance
of horizontal subsurface flow (HSSF) constructed wetland planted with Canna
indica for the removal of pollutants from PPMW. At an HRT of 5.9 days, the

average percentage removals of 89.1% and 67-100% were achieved for AOX
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and chlorophenolics, respectively, from PPMW. Moreover, Arivoli et
al. evaluated the efficiency of vertical flow constructed wetlands by using three
common aquatic macrophytes (i.e. Typha angustifolia, Phragmites
australis and Erianthus arundinaceus) for the removal of heavy metals from
P&P mill effluent. The results showed average removals of 74%, 80%, 60%,
70%, 71%, and 70% for iron, copper, manganese, zinc, nickel, and cadmium,
respectively. Furthermore, among the three species of macrophytes used in
CWs, E. arundinaceus showed the best performance.

Anaerobic digestion (AD) processes with different levels of performance
have been also reported in the literature for the bio-treatment of P&P mill efflu-
ents. Nevertheless, among the various kinds of effluent streams generated from
P&P mills, the full-scale AD has been only performed successfully for effluents
from the bleached/unbleached thermo-mechanical pulp (TMP) and chemical
thermo-mechanical pulp (CTMP) as well as neutral sulfite semi-chemical
(NSSC) and Kraft/sulfite mill condensates. It is worth noting that despite AD
has numerous advantages, especially low excess solid wastes produced
and energy recovery in the form of biogas, the existence of some obstacles has
restricted the full-scale applications of AD in the P&P mills. These barriers are
mainly related with the innate hardness in associated to the digestion of non-
biodegradable compounds such as lignocellulosic material and also facing with a
diversity of inhibitors (e.g., sulfur, resin acids, ammonia, heavy metals, and or-
ganochlorine compounds) as well as the necessity of adjusting specific opera-
tional conditions and the need for adopting proper reactor configuration for an-
aerobic degradation optimization. Very recent studies have been mainly focused
on overcoming these obstacles and optimizing the AD performance for comply-
ing with the stringent environmental standards and achieving economic benefits.
In an effort, Steffen et al. studied an anaerobic digestion experiment for evaluat-
ing the biochemical methane potential (BMP) of separating fines from industrial

recycled fiber pulp (RFP). In order to obtain a better understanding, convention-
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al  chemical and mechanical pulpswere used as  benchmarks
for methane production. While methane yields of fines from mechanical pulps
and RFP were measured as 21-28 mL/gys and 127 mL/gys, respectively, a high-
est methane yield (375 mL/gys) was attained for fines fractions from chemical
pulps owing to the fact that refining chemical pulp increases the fibers’ bonding
surface area, thereby causing greater access of microorganisms to the fibers and
increasing rate of biodegradation. On the contrary, a large amount of lignin in
the fines fractions from mechanical pulps, in addition to a high content of inor-
ganic fine particles (CaCOs3) and the greater hydrolysis residue regarding the
separated fines from RFP might be the reasons for lower gas production. The re-
sults suggested that the fines fractions from RFP are appropriate
for biogas production even though the obtained biogas yields were merely one-
third as compared to the ones obtained with chemical pulp fines.

Amongst the various types of anaerobic reactors, upflow anaerobic sludge
blanket (UASB) has retained a special place in the P&P industry over the past
few years. Indeed the main reasons for adopting this type of reactor are related
to its profitability in terms of high organic loading rate (OLR) capacity, together
with the low operation expense, and the production of rich methane biogas
as by-product.

When focusing on the anaerobic treatment of especial P&P mill effluents,
some opportunities for further studies are still identified. For instance, very few
studies have been carried out so far on the treatment of bagasse effluents from
P&P industry especially by conventional AD reactors such as UASBs. Further-
more, no model has been developed to predict the COD removal percentage,
COD removal rate, and biogas production from the mentioned effluents. Sridhar
et al. studied the anaerobic digestion of bagasse effluents from P&P industry to
explore the interactive effects of influent chemical oxygen demand (CODy), hy-
draulic retention time (HRT), and temperature on the performance of a continu-

ous UASB reactor. In their work, the Box-Behnken design was applied for anal-
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ysis and modeling the interactive effects of the three variables (COD;,, HRT,
and temperature) on the responses. Based on the obtained results, under opti-
mum conditions (CODj,: 6212 mg/L, HRT: 23 h, and temperature: 35 °C), the
highest values of COD removal percentage (84.3%), COD removal rate
(230.9 mg/L h), and biogas production (21.2 I/d) were achieved.

Operating a UASB reactor for anaerobic treatment of a bleaching stream
can lead to more satisfactory results than the total effluents generated from a
P&P mill; as bleaching streams typically contain a higher concentration of or-
ganic substances or, in other words lower volumes of water need to be treated to
achieve the same results. Larsson et al. investigated the performance of two lab-
scale UASB reactors working in mesophilic condition on the treatment of two
types of alkaline kraft elemental chlorine-free bleaching wastewaters (hardwood
and softwood). The results showed the filtered total organic carbon (fTOC) re-
duction of 43% and 60% as well as the biogas production of 120 NmL g
TOCn'and 250 NmL g TOC! for softwood (SW) and hardwood (HW)
wastewaters, respectively. The methane content of the produced biogas was 75%
for both reactors. Based on the results achieved, UASB application can be con-
sidered as an appropriate technique for anaerobic digestion of alkaline bleaching
effluents produced in kraft PPMs.

Development of novel and advanced types of anaerobic reactors has also
been a topic of high interest in recent studies. Some types of AD reactors such
as static granular bed reactor (SGBR) without the need for mixing, and aiming
to save energy, have been a subject of interest, but still at a lab-scale application.
Turkdogan et al. compared the performance of a SGBR with a UASB reactor for
the treatment of thermo-mechanical paper mill wastewater in a laboratory-scale
experiment. This study was performed within 110 days with hydraulic retention
times (HRTs) of 4, 6, 9 and 24 h. The results indicated that in both reactor sys-
tems the COD removal efficiency was improved with the increase in HRT, rang-
ing from 67% to 92% for SGBR and 60-90% for the UASB reactor. Thus,
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SGBR exhibited not only exhibited approximately identical ability as UASB for
the removal of organics from P&P mill wastewater, but was also slightly better
than the UASB in terms of operational difficulties. So, SGBR system would be a
proper alternative as conventional reactors for the anaerobic digestion of P&P
mill effluents. Another type of anaerobic reactor applied to the treatment of P&P
mills wastewater is the moving bed biofilm reactor (MBBR) which can result in
an acceptable removal of organic matter and also in the biosynthesis of added-
value products. For example, Baeza et al. treated a real PPMW by MBBR, aim-
ing to evaluate the effect of different operational parameters (i.e. BODs/nitrogen
(N)/phosphorus (P) ratio) on the Polyhydroxyalkanoate (PHA) biosynthesis rate
during two experimental phases. In phase I, the best results for the accumulation
of PHA (85.10%) and removal of organic matter (95.60%) were obtained using
a BODs/N/P ratio of 100:5:1. However, for phase Il, the highest PHA percent-
age (89.41%) and organic removal (97.10%) were achieved with BODs/N/P ra-
tios of 100:1:0.3 and 100:5:1, respectively. The results achieve can emphasize
the efficiency of the membrane bioreactors to deal with highly polluted efflu-
ents.

Sequencing batch reactors (SBRs) are also among the suitable biological
systems for the treatment of wastewaters such as PPME, due to their design
simplicity and functional flexibility. Muhamad et al. treated a real recycled pa-
per mill effluent using three forms of lab-scale aerobic bioreactors, containing
two attached-growth SBR (AG-SBR) systems with or without addition-
al biomass, and a suspended growth SBR (SG-SBR). Over a 300-days observa-
tion period, the attached-growth SBR with additional biomass showed the best
operational stability and average removal performance of 95%, 82%, 95%, 92%,
86%, and 60% for the relevant parameters, namely COD, colour, turbidity, SS,
NHs-N, and PO43-P, respectively.

The manipulation of anaerobic digestion reactors can also enhance biogas

production and treatment efficiency for a given industrial effluent. The main
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problem here is that in some cases, the effluents have high COD (e.g., in case of
black liquor) or high concentrations of toxic materials (e.g., AOXs). As a prom-
ising strategy, co-treatment approach can encompass many potential benefits in-
cluding dilution of inhibitory and toxic compounds, establishing a balance be-
tween nutrients as well as increasing the diversity and synergistic effect of mi-
croorganisms in the system. Also, economic benefits may be obtained from
equipment sharing. However, despite the numerous advantages of co-treatment
strategies, nowadays very few facilities have been adopted for the process due to
some concerns such as the need for upgrading or strengthening the existing fa-
cilities, process instability, unsuccessful operation arising from undesirable sus-
pended impurities, and digester overloading which can lead to foaming prob-
lems and unexpected failure of the process. According to the above shortcom-
ings, so far only few studies have been conducted on the use of co-treatments in
P&P industry. Most of the published work have concentrated their attention on
the combination of P&P primary and secondary sludge with substrates such as
food waste, municipal sewage sludge and monosodium glutamate waste liquor.
Co-treatment with microalga is another candidate to enhance the overall perfor-
mance of the anaerobic digestion process. Gentili mixed the effluents from mu-
nicipal and industrial sources. Afterwards, three microalgal strains
(Scenedesmus dimorphus, Selenastrum  minutum and Scenedesmussp.)  were
grown in three wastewater mixtures (P&P influent 4:1 dairysludge; P&P influent
1:1 municipal influent; P&P influent 2:1 dairy final effluent), named as a, b and
c wastewaters, respectively. Based on the results, the highest lipids yield, up to
37% of thedry matter was obtained in the wastewater mixture (a)
by Selenastrum minutum. In addition, the highest COD removal (92.7%) was at-
tained in the wastewater mixture (a) with the Scenedesmus sp. Therefore, mixing
the P&P wastewater with dairy and municipal wastewaters was found effective
not only in wastewater treatment but also for the production of biomass with

high amounts of lipids.
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Photofermentation process, as one of the most desirable biological ap-
proaches for biohydrogen production from organic substrates, is another option
to deal with P&P mill effluents. However, the practical applicability of this ap-
proach for lignocellulosic-based wastewaters, such as PPMW, has been restrict-
ed with a degradation deficiency and low hydrogen yield due to their complicat-
ed and resistant structure to microbial enzymatic attacks. Budiman et
al. investigated the potential of co-treatment approach by combining palm oil
mill wastewater (POMW) and P&P mill effluent for bacterial growth and biohy-
drogen production using photofermentation. The results revealed that with a
mixture of wastewater containing 25% (v/v) POME and 75% (v/v) PPME the
maximum biohydrogen yield of 4.670 mL H,/mL can be achieved. Moreover, in
this study the highest CODiota removal (up to 28.8%) was observed during 72 h
of photofermentation using R. sphaeroides NCIMB8253. Thus, co-treatment of
POME with PPME was found to be effective for reducing turbidity as well as
for improving the visibility of wastewaters during photofermentation process.
Furthermore, by mixing a proper ratio (9:1) of PPME and brewery wastewater
(BW), Hay et al., achieved a biohydrogen yield of 0.69 mol Ha/Lmegium from pho-
tofermentation process. This combination also led to SCOD removal, solu-
ble carbohydrate consumption, and light efficiency of 36.7%, 32.1%, and
1.97%, respectively.

2.2.3. Combined physico-biological treatment methods

Due to the insufficient treatment output of the single treatment methods,
various studies have claimed the necessity of combining biological and physico-
chemical methods. Considering the benefits of such combinations, either in
terms of economical-environmental aspects as well as the potential synergistic
effects, Mishra et al. studied the efficiency of an integrated system including
upflow fixed-bed anaerobic bioreactor (UFBAB) and slow sand filter (SSF) for
the removal of pollutants from PPMW (Fig. 3) as compared to a single UFBAB.
At different HRTSs, the hybrid system showed a very high removal efficiency of

60


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/palm-oil-mills
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/palm-oil-mills
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/visibility
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/carbohydrate
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/sand
https://www.sciencedirect.com/science/article/pii/S2212371717300707#f0015
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hybrid

90%, 99%, 100%, and 100% for BOD, COD and total dissolved solids and total
suspended solids, respectively. Similarly, in the case of sulfate and phenols re-
moval, a relative high efficiency was attained, indicating a very good perfor-

mance for such combined system.
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Fig. 3. A scheme of a biofilter designed for P&P mill effluent treatment,
adopted from Mishra et al.

Recent studies have also demonstrated that pre-treatment of lignocellulo-
sic materials by moderate ultrasound irradiation could break down their complex
composition via the development and collapse of cavitation bubbles, which can
lead to a positive effect on the biohydrogen production from the fermentation
process. In this regard, Hay et al. investigated the effects of ultrasonic power
(30-90%) and duration (15-60min) on the photofermentation process of
PPMW. Based on the results obtained, the biohydrogen yield of all PPMWs pre-
treated by ultrasonication was higher than the ones obtained with the raw sub-
strate, ranging between 0.041 and 0.077 mL Hy/mL. The maximum cumulative
biohydrogen production (430%) and SCOD removal efficiency (25.9%) were
achieved at the amplitude of 60% and time of 45 min (A60:T45), respectively.
Moreover, economic assessment conducted in this research showed that ultra-
sonic pretreatment prior to biofermentation of PPMW could have a positive net
saving in comparison with raw PPMW, due to the higher incomes from selling

the biohydrogen and further reduction in costs related to the COD removal.
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Once more, Hay et al. applied various ultrasound irradiation times (5, 10 and
15 min) and amplitudes (15%, 30%, and 45%) to specify the optimal ultrasoni-
cation conditions for pretreatment of Rhodobacter sphaeroides. As indicated
in Fig. 4 (a) moderate ultrasonic pretreatment could stimulate the generation of
pores in the cell membrane of R. sphaeroides or slightly disrupt surface of cell,
whilst higher-frequency ultrasonic was able to create more pores in cell surface,
thereby resulting in further change of the cell morphology as compared to the
untreated bacteria cell. Thus, highest hydrogen yield (9.62 mL bioH,/mL) was
attained at A30:T10 due to the fact that moderate ultrasonic applied to R.
sphaeroides could improve the enzymatic activities of the cell with modification
of membrane permeability and resistance, leading to increase degradation of
large-size molecules into smaller ones. However, the higher release of intracel-
lular products in the ultrasonic-pretreated PPMW caused a lower SCOD removal
efficiency after biohydrogen production process as compared to the control sub-

strate.

1. Download high-res image (278KB)

2. Download full-size image

Fig. 4. FE-SEM images of R. sphaeroides NCIMB8253 after undergoing
(a) no ultrasonication; (b) ultrasonication with amplitude 30% and 10 min; (c)
ultrasonication with amplitude 45% and 15 min, adopted from Hay et al.

In another effort to improve the biohydrogen production, Budiman and
Wu evaluated the performance of ultrasound pretreatment (amplitudes of 30—
90% and duration of 5-60 min) on a combined substrate consisting of PPMW
and POME. The maximum hydrogen production rate (8.72 mL Ha/mL negium) and
COD removal efficiency (36.9%) were achieved by using A70:T45 ultrasoni-
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cation. The improvement of biohydrogen production was linked to the positive
effect of ultrasound irradiation on the release of lignin and cellulose from the
structure of substrates, leading to increased bioavailable nutrients which could

be simply degraded by fermentation bacteria.

2.3. Combined additive and non-additive treatment methods

2.3.1. Physico-chemical combined treatment methods

Application of various physical stimulates such as vibration, electricity
flow, temperature, photo irradiation, filtration, and pressure, etc. can potentially
enhance the performance of methods based on the addition of chemicals for the
treatment of industrial effluents. For instance, the combination of ultrasonic ir-
radiation with AOPs can be an interesting solution for the removal of recalci-
trant pollutants from P&P mill effluents. Generation of powerful hydroxyl
groups as a result of ultrasonic irradiation can facilitate the oxidation of complex
organic materials especially when combined with methods such as Fenton-like
oxidation treatments. Eskelinen et al. studied the treatment of bleaching efflu-
ents from a P&P mill using a combination of ultrasonic irradiation in combina-
tion with Fenton-like oxidation (Fe**/H,O,) or photo-Fenton degradation
(Fe?*/H,0,/UV). Such an integration resulted in COD removals of 12%, 20%,
and 28% from effluents by using Fenton-like oxidation, photo-Fenton's oxida-
tion or electro-oxidation treatment, respectively, at the reaction conditions of
dose of Fe(ll1)-1 g/L; dose of H,0,-3 g/L, pH-6.9, agitation speed: 200 rpm, and
contact time-60 min. It has been also reported that ultrasonic irradiation can fa-
cilitate the coagulation process especially when combined with electricity.
Asaithambi et al. showed that the application of sono-electrocoagulation can
yield 95% and 100%, for the removal of COD and colour, respectively, at
a current density of 4 A/dm?, electrolyte concentration of 4 g/L, initial pH of 7,
COD concentration of 3000 mg/L, electrode combination of Fe/Fe, inter-
electrode distance of 1 cm, and reaction time of 4 h. Although filtration is not
able to treat highly polluted industrial effluents, as in the case of PPMW, its
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combination with methods based on the addition of chemical additives can be
considered as a good candidate to promote the overall efficiency of wastewater
treatment plants. For instance, Gholami et al. applied a hybrid system assembled
with ultrafiltration (UF) membrane and AOPs in order to treat an effluent from
fiber sewer collection unit. They indicated that the UF permeate quality was not
sufficient to satisfy the related environmental regulations. As the next step, they
applied AOPs under which sulfate and hydroxyl radicals were generated through
the activation of persulfate (S2082-) and H,0; by Fe(ll) to deal with the pollu-
tants. Under optimized operational conditions, ([H202]=15mM, [Fe
(I)]=6mM, and pH=3), the removal efficiency of COD, UV, and
UV.g Were 95.02%, 86.74% and 87.08%, respectively. Additionally, in order to
reduce the reaction time and costs, Salazar et al. combined AO-H,0O; with
UF, nanofiltration (NF) and reverse osmosis (RO) treatments. The results for
TOC removal by integrated filtration/AO-H,O; indicated that the best pair-
treatments for acid and alkaline bleaching effluents were UF/AO-H,0; (68% of
TOC removal) and NF/AO-H,0,(96% of TOC removal), respectively. AOPs
can also compensate the deficiency of electro-coagulation for the complete
treatment of PPMW. Jaafarzadeh et al. mixed electro-coagulation with UV oxi-
dation for the removal of organic compounds from a P&P mill wastewater
(COD=1537mg/L). Under optimum conditions (natural pH, time=33.7 min
and current density = 5.55 mA/cm?) they achieved 61% of the COD removal. In
a recent study, Abedinzadeh, Shariat and Masoud applied an SBR method in
combination with AOPs for the treatment of P&P wastewaters. Using a response
surface methodology (RSM), they achieved an optimum COD and colour re-
movals of 98% and 94%, respectively, under Fe**and H,O, dosages of 3 mM
and 9 mM, respectively at pH of 3.0 and 30 min.

For a sustainable treatment of industrial effluents, there is also a need for
cheap and environmentally friendly additives. So far, some attempts have been

made in this regard. As shown by Zhuang et al., who used waste rice straw and
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iron-containing sludge to prepare catalytic particle electrodes. Electro-Fenton
(EF) oxidation applied to real paper mill wastewater using the prepared elec-
trodes under optimized treatment conditions (current density of 10 mA/cm?, a
catalytic particle electrodes dosage of 1.0 g/L, and an aeration rate of 5 L/min)
reached allowed 86% of SCOD removal.

Due to the fact that sun is a renewable energy source that is free but de-
pendent on the season and geographical conditions, it can be used as a source of
light for treatment processes. It can also be combined with other physico-
chemical methods to enhance the overall treatment efficiency. As a good exam-
ple, a multi-barrier treatment (MBT) comprising the steps of filtra-
tion, photolysis of hydrogen peroxide (H,O./UVC) and catalytic wet peroxide
oxidation (CWPO) using granular activated carbon (GAC) as catalyst demon-
strate a remarkable efficiency for synthetic industrial effluents post-treatment,
particularly because of the possibility of removing residual H,O, and some by-
products generated during H,O,/UVC process through subsequent filtration by
GAC column. Accordingly, Rueda-Marquez et al. investigated the viability of a
MBT process for post-treatment of plywood mill effluent on a pilot scale. As a
result, over the MBT process, the concentration of COD and TOC decreased by
88.5% and 76%, respectively, while SS and turbidity decreased by 89% and
70%, respectively. Moreover, an almost complete H,O, removal (95%) was
achieved after CWPO process (1.5 min of contact with GAC). On the other
hand, the operation and maintenance cost for this MBT process was estimated as
0.95 €/m?®

2.3.2. Bio-chemical combined treatment methods

Former studies have clearly indicated that the application of either a single
biological or a single chemical method would not be enough to complete treat-
ment of the P&P mill effluents in order to satisfy legal requirements and protect
the environment. Besides some species of single bacteria, mixed culture accli-

mated biomass as well as biofilms can partially or completely degrade adsorba-
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ble organic halides (AOX). Considering the fact that AOX has a severe toxic ef-
fect on the growth of microorganisms, combining two process; adsorption and
biofilms, more satisfactory results can be achieved for AOX treatment. On the
other hand, HRT is one of the most important parameters that should be consid-
ered for achieving optimal conditions for wastewater treatment. Osman et al. by
combining adsorption and biological processes at a lab-scale granular activated
carbon sequencing batch biofilm reactor (GAC-SBBR) under aerobic condi-
tions, tried to evaluate the effect of HRT on the GSC-SBBR performance in
terms of the simultaneous removal of AOX and COD from a recycled paper mill
wastewater. For this purpose, the reactor was packed with 80 pieces of cylindri-
cally shaped plastic media with GAC of sizes in the range of 6-8 mm.
These packing materials played two roles, both as adsorption medium and as a
medium for biofilm growth. The results indicated that just a meagre efficiency
can be achieved in the COD removal when HRT reduces from 48 h to 8 h. The
results also demonstrated that the treatment efficiency for the reduction of COD
and AOX from P&P mill effluents with GAC-SBBR can be obtained were as
high as 92% and 99%, respectively, at an HRT of 48 h.

Addition of trace elements to the biological treatment systems has also
been a solution to enhance the efficiency of the treatment, especially when fac-
ing with a highly polluted and complex effluent, as also previously observed for
other types of industrial effluents. This idea was tested by Barnett et al. to pro-
mote the effluents from a TMP process by adding trace metals including Ca, Co,
Cu, Fe(lll), and Mg to an activated sludge (AS) plant as one of the common bio-
logical treatment to deal with P&P mill effluents. They indicated that such trace
elements are capable to enhance the COD removal from 82% to 86%
(1.0 mg/L).

3. Challenges and opportunities

Currently, P&P mills continue to seek sustaina-

ble management solutions to overcome their difficulties in production processes
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and also to deal with economic and environmental management issues. It is also
of high importance for a good solution to establish a logic connection between
the process engineering and economic considerations in line with the adoption
of the best suited treatment process. Several techno-economic analysis have
been carried out recently in order to optimize the production processes to have
less environmental drawbacks while providing more quality for the products in
an economic perspective. But, industry is not yet able enough to minimize
the pollution load in final effluents and it is expected for effluents from P&P in-
dustry to remain as one of the most polluted industrial wastewaters through
the world containing recalcitrant and complex organic compounds. There are a
number of evidence for thesoil pollution of thepulp and paper
mills surrounding environment and severe toxic effects for the local biotic
communities if discharging their wastewaters without efficient treatment. In this
situation, the end of pipe treatment of the wastewater will be considered, at least
in the forthcoming years, as the main way to satisfy environmental protec-
tion communities. The stages involved in the treatment of such highly polluted
and complex effluents are currently subjects of negotiations among the scientific
communities. Some studies emphasizes that a series of biological treatments are
good candidates to achieve the treatment goals regarding the strin-
gent environmental protection standards and regulations. For instance, Buyuk-
kamaci and Koken in the year of 2010 by comparing ninety-six treatment plants
(in Turkey) having a single physical treatment, chemical treatment, aerobic and
anaerobic biological processes or their combinations according to economic cri-
teria including investment, operation, maintenance and rehabilitation costs tried
to suggest an optimum treatment method for the P&P industry. They concluded
that an extended aeration activated sludge process is the best option for low
strength effluents, while extended aeration activated sludge process or UASB
followed by an aeration basin can act efficiently for medium strength effluents,
and finally UASB followed by an aeration basin or UASB followed by a con-
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ventional activated sludge process can optimize the techno-economic considera-
tions for the treatment of high strength P&P effluents. However, the necessity of
allocating a relatively large area for biological treatments, relatively long-time
treatment requirements as well as uncompleted treatment and local issues such
as the bad smell resulting from the bacterial activities are the main drawbacks of
such systems. In addition, conventional biological treatments have shown a lim-
ited efficiency for the treatment of recalcitrant and complex pollutants such as
AOXs which can remain in the treated effluents, causing several environmental
and health problems. Hence, there is also a need to perform further life cycle as-
sessment studies for the biological treatment methods applied to this type of ef-
fluents. The scientific orientation observed by the researchers in very re-
cent literature emphasizes that the emerging novel technologies could consider-
ably eclipse the idea of using sequential biological treatments. Economic analy-
sis performed in some physico-chemical treatments methods, such as Fenton
process, indicated their cost-effectiveness. In addition, with respect to adsorption
processes it has been reported in the literature that activated carbons, among the
existing adsorbents, can offer a high adsorption performance due to its specific
characteristics such as large surface area and pore volume, high-speed kinetics
and coarse texture. However, although in comparison with relatively expensive
adsorbents such as silica, activated carbon can contribute to minimize the overall
treatment cost, it may be here suggested the need to develop the application of
cheap materials that are by-products of other natural or artificial chemical-based
processes as adsorbents. Hence, it is also recommend wider applications
of biochar not only because of its low cost and high performance but also due to
its potential to reduce toxicity to the environment (such as soil) after the treat-
ment process. In this regard, ashes can also be a good candidate to this end, con-
taining relatively high amounts of metallic elements such as Fe, Ca, Na, etc. Be-
sides their ability to adsorb contaminants from the polluted effluents, they readi-

ly release relevant cations to the media. This can promote the treatment efficien-
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cy via inducing chemical reactions with the release of electrons from the metal-
lic elements in the media such as those (such as iron ions) used for the removal
of toxic materials from the effluents such as nitrate. They can also provide
enough nutrients in the final sludge content, making them suitable for land-
use utilizations, for instance for agricultural applications which may need a
sludge with a minimum content of toxic substances and enough amounts of nu-
trient elements. The wastes from wastewaters treatment plants (such as second-
ary sludge) can also be considered as a low cost solution to adsorb recalcitrant
compounds. However, the final sludge after the adsorption process can be harm-
ful to the environment due to the attachment of toxic compounds to its surface.
In this case, probably the incineration is the only existing way to deal with the
final wastes, which will cause some environmental drawbacks. In the oth-
er hand, some novel technologies such as the application of mesopo-
rous nanomaterials with high adsorption capacity can also make a revolution in
the treatment of highly polluted and complex effluents from pulp and paper in-
dustry. In this regard, enough engineering efforts must be done to maximize the
efficiency of such materials for better treatment results. This can be achieved by
adopting optimization techniques such as surface response methodology to reach
best results in a cost-effective manner. Such efforts can also be made for the
synthesis of materials with high optical propertiesto reduce the need
for irradiation of light to the reaction medium during the processes such
as oxidation of effluents. In this way, economic considerations of the treatment
process can be also satisfied.

The combination of various additives can also result in the promotion of
the treatment efficiency. Also, the combination of various additive-based meth-
ods with biological methods have shown attractive results for the elimination of
recalcitrant pollutants from P&P mill effluents such as AOXs and to promote the
overall efficiency of COD and BOD removals, which can result in a better quali-

ty for the final effluents. There is also a need to design combined reactors to join
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physico-chemical and biological methods by taking into consideration that such
systems must not only enhance the overall treatment performance, but also be
technically and economically feasible enough to encourage investors. This latter
item is currently the main obstacle for the rapid commercialization of the lab-
scale developed novel methods, especially in developing countries.

Application of chemical additives can generally raise some concerns on
their toxic effects when released to environment. Furthermore, the review of re-
cent studies on the treatment of P&P mill effluents reveals a trend for the use of
chemical additives but without enough eco-toxicological studies. This issue is of
high importance because recently the concern on the effects of the remaining
toxic chemicals after the treatment process has increased considerably in the sci-
entific community. Hence, there is an urgent need to carry out life cycle assess-
ment studies for emerging additive-based technologies for the treatment of high-
ly polluted and complex industrial effluents such as those released to environ-
ment from the P&P industry.

It is also worthy to mention that the selection of a sustainable method to
deal with effluents from pulp and paper industry is a complex task, requiring the
consideration of various technical, environmental and economic as well as social
criteria. Hence, application of multi-criteria decision making systems
(MCDM) is highly recommended in this regard to find the best available tech-

nologies for the treatment of pulp and paper mill effluents.
4. Conclusion

This paper presents very recent results achieved on the treatment of pulp
and paper mill effluents based on the application of chemical additives alone or
in combination with other physical or biological treatment methods. Moreover,
recent developments on single biological and physical treatments or their hybrid
application have been critically reviewed. As a result the interest of the scientific
community to promote additive-based treatment methods in combination with

conventional or novel physical or biological treatment methods could be high-
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lighted. The overall trend in this field, as realized by the authors, is to promote
techno-economic benefits of treatment processes. Furthermore, taking into ac-
count toxicology and environmental safety issues this review calls for joint stud-
ies or complementary studies on the subsequent environmental impacts of the
novel combined technologies towards an efficient treatment method.
(https://doi.org/10.1016/}.wri.2019.100109)

Task 3. Summarize all the ideas of the article and write an essay.

Task 4. Make a presentation based on the article.
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Yacts |V. BECEJA 1O CIIEHUAJIBHOCTH

SUMMARY

Task 1. Read the following instructions offered by Virginia Kearney, a universi-

ty 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:

1.

2.

Read the article, one paragraph at a time.

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.

In your 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).

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.

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 ef-

fectively and make it more interesting to read.

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.
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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.
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 ques-

tion: 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.

Rest of Summary: The rest of your essay is going to give the reasons and evi-
dence 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:
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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

James Garcia ~ "whole title"  argues carefully
) "first couple )

Garcia explains clearly
of words"
the article _ o

the author describes insightfully
(book etc.)

_ Garcia's _

the writer _ elucidates respectfully

article

the historian (or

other profes- the essay complains stingingly
sion)
essayist the report contends shrewdly

Transition Words List

Although In addition Especially
However Furthermore Usually
In contrast Moreover For the most part
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Contrast Adding ldeas Emphasis

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 ana-
lyze. 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 re-
sponse in the conclusion will be more direct and specific. It will use the infor-
mation you have already provided 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?
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Here are some questions you can answer to help you think about your re-

sponse:

1.  What is your personal reaction to the essay?

2. What common ground do you have with the author? How are your experi-
ences 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 ar-

ticle 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 ex-

perience, 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 re-

sponse. 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 .1In

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 es-
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say makes me think . | like/dislike in the essay. | will

use this article in my research essay for

VOCABULARY
article — crarss;
summary — KpaTkoe M3JI05KEHHE, KOHCIIEKT;
rendering — pedbepupoBanue;
uncommon — peakuit;
finding — Haxo/Ka, OTKpPBITHE, MTOTyYEHHBIC TaHHBIC;
to pay attention — ynensrs/o0paiiaTh BHUMaHHE;
conclusion — ymo3akiIro4eHre, BBIBOJ,
to highlight — BermessITH;
to comprehend — nonrMaTh, OCMBICIHBATH,
rough draft — acku3, HaOpoCoK;
firm grasp — yéTkoe nmoHMMaHue;
assignment — npeanucanue, HHCTPYKIIKS, 3a1aHNUE,;
to explain — 0OBSICHATD;
in plain language — mpocThIM SI3BIKOM;
referring to — cchutasch Ha;
meaning — 3HaYCHKE, CMBICT;
to convey — BeIpaxkaTh, IepeaaBath (UIEH0, CMBICIH);
appropriate — moaXoasIInii, COOTBETCTBYIOLIHIA;
to feature in — npuHUMATh ydacTHE;
concisely — kpaTko, c:kaTo, JIJAKOHUYHO, BBIPA3UTEIIBHO;
cut and paste — «BbIpe3aTh ¥ BCTABJIATH» (00BEMHO IIUTUPOBATH O€3 CCHIJIKH Ha
UCTOYHUK, KOMITHJIUPOBATH);
jumble — kyua; OGecropsiIoUHO CBaJICHHBIC B Ky4y BEIIH;
borders on — rpannunTs grade — omeHka, OTMETKA,

Option — BapuaHT, aJbTePHATHUBA, OIIIIHS.
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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 understand-
ing 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 de-
scribe 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 un-
derstand scientific research better.

Instructions:

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

2. Look up any words or methods you do not understand.

3. Go through the article, and highlight its main ideas. Make sure you under-
stand the main points in each para graph. Take notes so you have a start-
ing point for your summary.

4. 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.

5. Start a rough draft of your summary, using the notes you've written. Re-
view the article to ensure you have a firm grasp of the conclusion. Sum-
marize the article's conclusion. Offer your own interpretation of the con-

clusion along with your opinion of the article's content.

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:
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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. Ex-
plain 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 sim-
ple sentences that express one or two ideas. An example might be a story fea-
tured 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 jJumble 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 assign-
ments. 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 sum-
mary? 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 “plagia-
rism”?

Task 5. Retell the Instructions on writing a Summary of a scientific article.
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Task 6. Read the definition of summarizing/rendering in Russian. Try to re-
member as many set phrases as possible. Use them in the rendering of scientific

articles.

PedepupoBanue HaydHBIX cTaTel HA AaHTJIMMCKOM SI3BIKE — BaXKHBIA HABBIK,
HEOOXOMMBIN TI000MY COBpeMeHHOMY nHxkeHepy. CyTh pedepupoBanus
MO>KHO CBECTH K aHAJIU3Y MPOUYUTAHHON aHTIIOA3BIYHOM PAOOTHI C BbIIEICHUEM
e€ I1aBHOM UeH, OTIMCAaHNUEM MEPEUNCICHHBIX aBTOPOM (PAKTOB U JJOBOJIOB U
IIOJBEICHUEM UTOI'OB.

C sroit HCJIBIO MOXHO HCIIOJIB30BATh PsAJd BBOAHBIX A3BIKOBBIX KOHCTpYKHHﬁ:

1. Ha3zBanue cTaTtbu, aBTOP, cTWJIb. The article I’'m going to give a review of
is taken from... — CTaTbs, KOTOpPYIO s ceiiyac Xouy NpoaHaTu3upoBaTh u3... The
headline of the article is — 3aroioBok crateu... The author of the article is... —

ABTOp cTaThH... It is written by — Ona nanucana (kem)... The headline fore-

shadows... — 3aroyioBOk NpUOTKPHIBAET. ..

2. Tema. Jloruueckne yactu. The topic of the article is... — Tema cratbu 370...
The key issue of the article is... — KittoueBbIM BOITPOCOM B CTaThe SABISAETCH. ..
The article under discussion is devoted to the problem... — OGcyxnaemas cTaTbs

nocssinieHa npobsueme... The author in the article touches upon the problem
of... — B crarbe aBTOp 3aTparuBaet npodiemy.... I’d like to make some remarks
concerning... — 51 6sI X0Tes(a) caenarh HECKOIbKO 3aMe4YaHuii 1o mosoay... 1’d
like to mention briefly that... — XoTenochk 061 kpaTko 0TMETUTH, uTO... |I’d like
to comment on the problem of... — 5 661 xoTes(a) MPOKOMMEHTHPOBATH
npobsieMy... The article under discussion may be divided into several logically
connected parts which are... — Ctarbst MOXKeT ObITh pa3/ieieHa Ha HECKOJIbKO

JJOT'MYCCKHN B3aMMOCBA3aHHBIX qaCTeﬁ, TaKHX KakK...

80



3. KpaTkoe conep:kanue. At the beginning of the article its author... — B
Hayaje CTaTbU aBTOpP... ... describes — omuckiBaer ...depicts — uzoopaxaer
...touches upon — 3aTparuBaer ...explains — o0BsicHsET ...introduces —
3HAKOMHT ...mentions — yrmoMuHaeT ...makes a few critical remarks on — nenaer
HECKOJbKO KpuTndeckux 3ameuanuii o The article begins (opens) with a (the)...
— Cratrbst HQUMHACTCA. .. ... description of — ornmcanmeM ...statement —
3asBieHueM ...introduction of — npeacraBienueM ...the mention of —
yHnoMuHaHueM ...the analysis of / a summary of — kpaTkum aHanuzom ...the
characterization of — xapakrepuctukoii ...(author’s) opinion of — MHEeHHEM
aBTopa ...the enumeration of — nepeunem In conclusion the author — B
3aKkiroueHue aBTop ...dwells on — ocranaBnuBaeTcs Ha ...points out —
yKa3bIBaeT Ha TO ...generalizes — 000011aeT ...reveals — mOKa3bIBaeT ...eXposes
— MOKAa3bIBaET ...accuses / blames — oOBuHSET ...gives a summary of — naer

0030p...

4. OTHOLIIEHHE aBTOpPa K OTAeJIbHBIM MoMeHTaM. T he author gives full cover-
age to... — ABTOp MOJIHOCTHIO OXBaThiBaeT... The author outlines... — ABTop
onuckiBaet... The article contains the following facts..../ describes in details...
— CtaThs cOAEPKUT ciieayronue GakThl .... / mogpoOHO onuckiBaeT... The au-
thor starts with the statement of the problem and then logically passes over to its
possible solutions. — ABTop HauMHAET C MOCTAHOBKH 3a/1a4H, a 3aTeM JIOTHUCCKH
NepexXoauT K ee BO3MOkHBIM perieHusiM. The author asserts that... — ABTop
yTBEpKJaeT, uto ... The author resorts to ... to underline... — ABTop mpuberaer
K ..., 9YTOOBI MOTUYEePKHYTh... Let me give an example... — [To3BoabTe MHE

MIPUBECTU MPUMED. ..

5. BeiBoja aBTopa. In conclusion the author says / makes it clear that.../ gives a
warning that... — B 3akirouenue aBTop roBopuT / MposCHSET, 4ToO. .. /

npeaynpexniaer, uro... At the end of the article author sums it all up by saying
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... — B KOHIIE cTaThu aBTOP MOJIBOJUT UTOT BCETO 3TOr0, TOBOps... The author
concludes by saying that... / draws a conclusion that... / comes to the conclu-
sion that... — B 3akmroueHue aBTOp TOBOPUT, UTO .. / IeIaeT BBIBO, 9TO... /

IMPpUXOOUT K BBIBOAY, 4YTO...

6. BoipazuTesibHbIe CPeACTBA, HCNOIb3yeMble B cTaThe. 10 emphasize ... the
author uses... — YToObI aKIIEHTHPOBATh BHUMAHUE ... aBTOP UCIIOJB3YET... 10
underline ... the author uses... — YToObI MOAYEPKHYTH ... ABTOP HUCIOJIB3YET 10

stress... — UToObl ycUIuTh/IOA4YEPKHYTh. .. Balancing... — banancupys. ..

7. Bam BeiBoa. Taking into consideration the fact that — [Tpuanmas Bo

BHUMaHMe TOT (akT, yTo The message of the article is that... /The main idea of

the article is... — OcHoBHas unes crathu (mocianue apropa)... In addition... /
Furthermore... — Kpome Toro...
On the one hand..., but on the other hand... — C ogHO# CTOPOHHI ..., HO C

npyroi ctoponsl... Back to our main topic... — Bo3Bpamasce k Halren
OCHOBHO# TeMme... TO come back to what | was saying... — UtoObl BEpHYThCS K
ToMy, 4TO 5 roopmi(a)... In conclusion 1’d like to... — B 3akmtouenue s
xoTesn(a) Oul... From my point of view... — C Moeli Touku 3peHus... As far as I
am able to judge... — Hackonbko s Mory cyauTts... My own attitude to this arti-
cle is... — Moe nuuHOe oTHOIIEHKE K 3TOil cTtathbe... | fully agree with... /I don’t
agree with... — 5l moHOCTRIO corniaceH / He coryaceH c... It is hard to predict
the course of events in future, but there is some evidence of the improvement of
this situation. — TpyaHo npeackasath X0 COOBITHI B OYAYIIIEM, HO €CTh
HEKOTOpbIC CBUICTENILCTBA yayumienus curyanun. | have found the article dull /
important / interesting /of great value — S HaxoXy CTaThIO CKyYHOU / BasKHOM /

WHTEPECHOW/ UMerolel 00bIoe 3HaueHue (1IIeHHOCTD).
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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 gener-

ate 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 _ be-

tween the two words and they’ll be kept together in the cloud.

IIpumep paccka3a 0 HAYYHBIX HHTEPECaX MATHCTPAHTA/aCIMPAHTA

1. What is your name? - My name is Ivan lvanovich lvanov.

2. What educational institution did you graduate from? When? -1 graduated
from ...in 20...

3. What is your speciality? -My speciality is .../ My profession is ...

4. Why did you decide to take a post-graduate course? -1 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 profes-
sion.

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 Pe-
trovich Petrov, Professor, Doctor of technical/ economic sciences, Head of the
Chair of ... / Head of the Department of ... -He has got a lot of publications de-
voted to the problem of ...

7. Have you ever participated in any scientific conferences? -Yes, I’ve par-
ticipated in many conferences devoted to the most actual problems of econo-

my/physics/geodesy/hydrology etc. -Not yet, but | hope, together with my su-
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pervisor, I’ll prepare some reports for scientific conferences/I’ll take part in sev-
eral conferences in the near future.

8. Do you have any publications? -Yes, I’ve got some publications con-
nected with my research. - Not yet, but I hope, together with my supervisor, 1’11
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?

-1 think / 1 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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CoxpaieHusi, BCTpe4arouecsi B TEKCTaX

COKpameHme YUTaAETCA/03HAYAET
% percent (per cent) [pa'sent]
°C degrees Centigrade
°F degrees Fahrenheit
A.D. of our era ['1ar9]

a. k. a. also known as

B.C. before Christ [kraist]
Btu British thermal unit
(S1050:0500 ¢}

Btu British thermal unit
(105050500 ¢}

e. g. for example

etc. [et'set(a)ra]

EU European Union

ft foot (mu. uncio feet)
hp horse power

hr hour

I. e that is

in inch

kJ/kg kilojoule per kilogram
kw Kilowatt

Ib pound

mm millimeter

Mpa megapascal

Mw megawatt

MWt megawatt
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nepeBojl

MPOLICHT

rpaayc (Llenbcns)

rpanyc (Dapenreiira)
HAIIEH 3PbI

TAKK€ U3BECTHBIN KaK
J10 HaIlleW 3pbl

OpuTaHCKas TEIIoBas

OpuTaHCKas TEIIoBas

Harnpumep
Y TaK J1ajiee

EBpocoro3

dyt

JIOIIAMHAS CUJIa

qac

TO €CTh

ITIIOUM

KUJIO/KOYJIb Ha KWJIOTPaMM
KUJIOBATT

dymt

MUJUTUMETP

Meranackasib

MeraBaTT

MEraBartT



COKpaleHme YUTaeTCsA/03HAYaeT nmepesBoa

MWth megawatt thermal MeraBaTT

0. d. outer diameter BHEIIHHUH JUAMETP

psi pounds per square inch (GyHTOB Ha KBaJPaTHBIH
JIFOMM

psia pounds per square inch absolutedyHnToB Ha KBaApaTHBINA THOUM

(abcomoTHOE TaBJICHUE)
psig pounds per square inch gauge ¢yHTOB Ha KBaJpaTHBIN JFOHM

(M30BITOYHOE JJABIICHUE)

Temneparypa yuraercs:
25° C — twenty-five degrees Centigrade ['sentigrerd] (o mxane [enbcus);

34° F — thirty-four degrees Fahrenheit ['feeronhait] (o mkane ®apenretita).
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V4eOHO-METOAUUECKOE TT0CO0HE

Penaxrop n koppekrtop B. A. bacosa
TexH. penaxrop JI.5.Turosa
Temmnan 2019 r., mo3. 59

[Tonmn. x neuatu 03.06.19. ®opmar 60x84/16. bymara turm. Nel.
[Teuats odcernas. Ileq. 1. 5,5. Yu.-uza. 1. 5,5; Tupax 200 sk3.
N3a. Ne 59. Ilena “C”. 3aka3

Pusorpad Beicuieil mikosnbl TexHonoruu u suepretuku Cankr-IlerepOyprekoro
roCy1apCTBEHHOI'O YHUBEPCUTETA IIPOMBILIIIEHHBIX TEXHOJIOIMH U [A3aKHa,
198095, Canxkt-IletepOypr, yn. IBana UepHsix, 4.
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