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Abstract
This paper represents the relations between energy, exergy, environmental
impact and sustainable development, at the same time the ties between
technical, environmental and economic issues are described. Some practical
illustration examples of the more abstract concepts are represented and
discussed too. The energy and exergetical analysis method should prove
useful in design and improvement activities to engineers and scientists, as
well as decision and policy makers.
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1. M& dau

Cothé nG rang dac tmh riévg cia nhiét nang 1a kha nang blen d6i han ché, tmh
kh&ng thuan nghich cua c& quatr mh thyc lam né sy xuong Cap cua nhiét nang va cO
quan hé chat ché véi moi truong xung quanh. D6 1a nhitng van dé da duoc dé cap
trong nguyé Iyl nhiét dong hoc, dic trung cho mit chat luong cua nhiét niang. Thé
nhung trong nghién ctru vathuc hién c& ba todn thuc té vé Nhiét — lanh ching ta
thuong chi s dung nguyé Iy1 nhiét dong trén co sd c&n bang sé luong cua c& dang
ning luong kh& nhau, ¢ c& nhiét do kh& nhau tham gia vao quatrnh. Thyc té ndy
Ve co ban Iaphuhap VGi c& bdl todn thiét ké hay khi so sanh cac phuong an trong
cotng mot diéu kién hoat dong, ma chua thé lam réviéc sir dung nang luong téi wu va
cling chua chi ra chinh xdc noi xay ra ton that Ion nhat dé quy hoach cai tlen nag
cap hiéu qua nhat. Nhu véy trong c& ba todn nhiét cthg ta can xé tai ca sé luong
vachat luong c& nguodn nang luong sir dung. Mit chat luong cua nhiét nang thuong
dugc dé cap téi khi sir dung phuong phép phén tich exergy hodc doi khi la phuong
phép entropy. Exergy dugc xem nhu la phan cbt 18, quyglanhat thé hién chat luong
cua nhié¢t nang. Vi thé matrong nhiéu nghié ctu gan day vé tac dong méi truong va
phd trién bén viing c& t& gia déu dé cap toi vai trocua exergy vasir dung ndtrong
c& nghié cuu cua mmnh [1-8]. Trong [6] M. A. Rosen vac& cong su coi exergy la
hat nhan, diém giao nhau cua ning lugng, moi trudng vapha trién bén ving nhu
minh hoa tré& hnh 1.

Nhu vay nhiét ning ciing can phai duogc xem xé& trong mdi quan hé voi
moi treong, ph& trién bén virng vatrong c& ba toan t6i vu hoa kinh té k¥ thuat cling
nhu trong nghién ctu h mh thanh c& céng nghé xanh.



MOi quan hé giira ning lugng nhiét vakinh té duoc bat dau chynhicu tr nhiing
nim 70. Dén nhitng nim 80 ngudi ta phai Chuynhleu hon téi cac tac dong maG
truong nhu mua axit, sy 1am suy giam tang &z vaméi quan hé giira viéc sir dung
ning lwong v4i méi trudng séng. Hién nay do ting hiéu qua sir dung nang luong ma
tac dong moi trudng cua nhiing phé thai da duoc giam di. Tuy nhién dé dat dugc hiéu
qua sir dung ning luong cao, trong céng t& nghié ctu vatrién khai c& giai phdp
khoa hoc céng nghé giam thiéu ph& thai, nhiéu nhanghié ctu nhu Makarytchev,
Creyts, Von Spakovsky, Ayres, ...d3 dé nghi tét nhat ladua trén co s& phan tth
exergy dé danh gia tic dong moi truong [6-9].

Exergy cua mot dang néng lugng hay cua mot chat dugc do bang do hiru £h hoic
chat luong hay kha ning tao né c& bién dong cua nd/ tac exergy cOthé 1a co sd Xx&
dinh muc d6 hiéu qua cua kha nang tac dong moi truong. Exergy va phuong phap
phan tich exergy ngay cang dugc chGynghié cau vamo rong pham vi & dung
khéng chi trong ti wu héa cac qua trinh cong nghiép macon cho ca linh vic X&hoi
vaguan Iy méi truong, sinh tha [9-11].

Trong ba V|et nay, trén co s& phan t|:h lythuyét vadp dung thuc té, ching t& sé
trimh bgy mot s6 mit dac trung trong mdi quan hé giita c& dang nang luong, exergy,
kinh té, méi trudng vapha trién bén viing.

2. Nang lwgng, exergy va phwong phap nang lwgng, exergy

Vit Iyhoc xem ndang Irong (NL) 1&biéu thi mic d6 chuyén dong cua vat chat. C&h
ph&n loai NL dwoc chdynhiéu nhat 1atheo kha niang bién doi cia NL [2]: Gom 3
nhan (i) NL cokha nang bién d6i hoan todn thanh c& dang NL khac, nhu cac dang

nang lugng “co trat ty” 1a co ndng va dién ndng, (i1) NL
cO kha niang bién d6i han ché hay mot phan l1aNL
“khong c6 trat ty” nhu nhiét ndng va ndi nang, (iii) NL

Nengluong / exenoy \ Méitwene Kh@Ng cOkha ning bién ddi nhu NL nhiét tich lity trong

moi truong xung quanh hay ¢ c& hé théng 16n nhu hod

/ “E"'ﬁwtjﬁ*'f“’ a0, séng, bién. C& dang NL nhom (i) con duoc goi la

exergy. C& dang NL thugc nhdm (iii) goi 1aanergy, tén

M::::‘ué‘ngfpa;‘éi‘frgﬁ’;r%ng goi ndy ngay cang dugc it dung ma dugc két hop v

trong phan tich exergy kh& niém ton that. Nhiét niang cAthé bién hozn todn hay

mot phan thanh anergy nhung chi bién dugc mot phan thanh exergy (cong co hoc/dién

ning). Dic t ih ndy 1am cho c& quatrih thuc khi bién dbi nhiét ning luén 13 nhitng

qué trinh c6 entropy ting 1én va kém theo d6 1a ton that exergy g& né hién tuong
Xuéng cap cua nang luong.

Thuét nglr “Exergy” dugc Zoran Rant dé xuat vao nim 1956, dya trén co s¢ pha
trién Iy thuyét nhiét dong hoc ciia J.W.Gibb nim 1873. “Exergy” bat nguon tir tiéng
Hy Lap 1a “ex” va “ergon” c6 nghia 1a “khoi dau” va “cong”. Mo rong kha niém
exergy lacdng lon nhat, &g quan niém rang “Exergy 1&sé lwong ning lwong lon
nhat matrong trang thdi di cho ciia méi trieong xung quanh trong nhing diéu kién



cia c& quatrmh hoan ton thugn nghich cAthé bién thanh bdt cir dang nang heong
nao .

- Exergy c6 dic diém 1a duoc bao toan khi vachi khi moi quéatrih trong hé thong
va méi trudng déu thuan nghich va nguoc lai, nén khong c6 dinh luat bao todn Exergy.
Truong hop tong qué néu hé théng nhan vd c& cng suat cénglexergy EF (Dién
niang hay cong co hoc), Cang suat nhiét Q* (cOexergy EJ), Céng su& bién doi nhan
duoc tir c& déng NL trong c& quatrih nhiét dong W* (v6i exergy Ejfy) vatong ton
that exergy [1 do c& ton that khéng thuan nghich (Theo nguyé IyI1 nhiét dong hoc
ta lu ¢S 1> 0). Can bang NL vacan bing exergy khi d6 c6 thé biéu thi dudi dang:

ZE+e + ZQ+ + ZW+ = O, (1) Vé:E-'-e + 2E+q + ZE+W = HZ O, (2)

Phuong trinh cin bang exergy (2) duoc thiét lap trén co s két hop ca hai nguyé |y
| vall nhiét dong hoc. Do 1a biéu thirc chung nhat, dic trung nhat cia phuong phap
exergy. Néu t&h riég c& thanh phan dau ra co £h (E) voi c& thanh phan nhan v
(E*) thiita cOthé viét: ZE. + XEq + Ew = XE* + ZE*q + XE* - [ vahiéu suat

exergy cOdang tong quat sau:
e E e+YE g+XE w)
T sEerseqivewy O

Léau nay chting ta thuong chi sa dung nguyé Iyl nhiét dong trong t nh to&n k§y thuat
makhéng ké t6i giatri sir dung vagiatri kinh té kh& nhau cua c& dang niang luong,

nhitng van dé lién quan dén nguyé Iy Il nhiét dong. Phuong phap cén bang ning

luong theo nguyé@ ly | chi tmh toi s6 lwong makhéng ké tsi chat luong cua ning

lwong. Hiéu suat nhiétn = L~ /(E* + A*)vahé s6 lanh & hay COP = QF /E™* dugc lay
|2m chi tiéu danh gia. Ca n va COP déu mang ¥ nghia cta hiéu suat bién doi ning

lugng nhung ¢ lai thuong cOgiatri Ién hon 100%, hon nira nhiét luong cap vao chu

trinh dong co Q* = E* + A*dacha san mot luong anergy A (khéng co kha ning

sinh c@ng), phé tnh so sah gitra hai dai lugng khéng ngang gialanhiét lugng Q va
dién nang E la khong dam bao tmh chmh x& khoa hoc. Tuong ty nhu vay thikhi

danh gia hiéu qua bom nhiét ching ta ciing hay dung hé s6 ¢ hay

COPur=(Qx + QF)/E*. O day nhiét thai & d&n néng Qk vanhiét nhan vao & dan lanh

Qo & c& nhiét do rat kh& nhau (né cOHchat luong rat khac nhau) ciing duge vo tu

t fh tong dé dem so sanh v&i dién ning (exergy) co chit lwgng rat cao.

Nhu vay khi ¢ng dung nguyé ly Il vaquan tam toi chat luong cua niang lugng
ching ta phai sir dung c& kh& niém va phuong phap phan t Th exergy.

C6thé hiéu exergy biéu thi sé do cua su ¢O Th hoic giatri hay lachat lwong cua
mot dang ning luong. Vé mat k¥ thuat, theo nhitng nhanghié ctiu noi tiéng nhat vé
exergy nhu Szargut (1980, 1988), Moran (1989), Edgerton (1992) thi exergy biéu thi
kha ning gay bién dong khi né chua hoan toan can bang véi moi trudng, exergy cua
nhié liéu lamot v idy. Khéng giéng nhu ning luong, exergy khéng tuén theo luat
bao toan (trir khi ¢ cac qua trinh ly tuong). Exergy bi tié& thu hoac bi phahuy do thh
khong 1y teang hay khéng thuan nghich trong c& quétrih thyuc. Sy tié thu hay ton



that exergy trong cic qua trinh nhu vay ty 1¢ véi do tang entropy AS do tinh khong
thuan nghich cua quatr mh vaphu thuoc nhiét do moi truong Ta xac dinh theo nguyén
lyyGuy-Stodola (1889):11 = TaAS, kW, (4)

Exergy cua hé théng k i, hé thong ho vacia ma chat déu dugc xac dinh theo c&
cong thire twong tng E = AUe - [1 va E = AH - []. Nhu vay & trang thé& c&n bang véi
moi trudng exergy s& bang khéng. Vat chat cang ¢ xa trang th&d cén bang véi ma
truong, thé nhiét dong (H-TaS) cang 16n va ciing so hitu exergy cang 16n (E=(H-TaS)-
(Ha-TaSa)), d6 chinh 1a kha ning giy tic dong dén ma
truong. Khi méi trudng cang hén loan, co nhiéu bién
dong (dac biet lanhiét do, & suit vac& chat thanh
phan) th¥entropy I6n vaexergy cang nho. Diéu d6 va sy
xuat hién cua Ta. dd phan nd ndG Ié& quan hé gita
exergy va moi truong.

Nhu vay, exergy hay kha nang sinh cong cua mot hé
thong khéng chi thé hién ¢ ndi nang ctia n6 (nhu ta van
e thuong x&) macan phu thudc vao nhiét 4o Ta vadp suat
Hinh 2. Tdn that IT; cha quatrinh
Tmyen nhigt Pa clia moi trurong ngod. Tu do, nhung gi lién quan dén
két luan nay da dugc c& nhanghié cau xem xé& vapha trién & nhiéu nudc dudi dau
dé lythuyét exergy [2].

Pé tién biéu thi exergy cua c& dang NL cong/dién, cua nhiét,entanpy hay cua ning
lugng bién d6i, chiing t6i da dé nghi sir dung c& tir vathuat ngir trong tiéng Viét nhu
trimh b&y ¢ [1].Theo [2] chi né st dung kha ni¢m exergy vat mh tir exergy trong c&
nghié ctru chung nhu ly thuyét exergy, phuong phdp exergy, cén bang exergy, ton
that exergy, hi¢u suat exergy, t mh todn (comptability) exergy, kinh té exergy.

- Ton tai co ban cia nguyén ly | lakhéng phan biét chat lugng cua c& dang ning
luong khac nhau tham gia vao qua trinh ma chua cha ¥ toi c& két luan vé khd nang
thuc té cai thién c& quatrih vasy tham gia cia c& dong NL kh&e nhau. Thay cho
hé sé lanh, mic do hiéu qua ¢ day duoc danh gia bang hiéu suét exergy ne=Eq,/E"
nhu dang céng thic (2). Nochang nhitng biéu thi mie do thuc cua viéc st dung ning
lugng hitu ©h théng qua viéc phan tTh c& ton that exergy, macon chi ra phuong
huéng vatam quan trong cua c& bién phédp can dat dugce dé cai thién cac diéu kién
thuc hién vanéng cao hiéu qua quatr nh.

So vai diéu kién 1y tuong cocd quatrmh thuan nghich (KTN), trong d6 exergy c6
tri s6 khong doi thiic& 10i giai ky thuat dua trén co sé c& quatrmh thuc KTN s& co
exergy giam. RGrang exergy cOXé toi sy xuong cap cia nang hrong (tic lasy suy
giam chat luong hay exergy cua ng trong quatr mh bién dbi — mot dic trung cua nhiét
ning. Nhu thé cObao nhié yéu t6 tao né su KTN cua quatrih (biéu thi qua AS) thi
cling c6 bay nhi& yéu t6 tié thy exergy hay I2m suy giam hoic tao nén ton that
exergy. Ching han nhu trong qua trinh truyen nhiét, thh KTN s& do d6 KTN g& nén
tir 46 chéh nhiét do AT (ASy) vaton that & suit AP (ASp) do su ma sat:AS = AS; +
ASp, kl.kgt.K1, (5)



V Tdu 1:Sir xudng cap cia ndng lwong do c&c ton that KTN bén trong: O thiét bi
TDN bé mat gitra 2 chat long thibién doi entropy cua
hé: ASt = AS1 + AS; v6i AS: cia md chat néng va AS;
ctia m@ chat lanh dugc trinh bay trén do thi hh 2.

To6n that do truyén nhiét khéng thuan nghich IT =

T A

T

o | Lo o TaASt. V6i ASt = (AT/T1T2)Q.Thanh phan AS, lam nén
iy 5 ton thit do ma s& [InVé6i khi ly twong:Ilr =
. St | MR«TaIn(Pi/P2), véi chat long giot: [Ir =

M.(T, /T).v.(P1-P2). V6i phuong phép tinh nay, exergy
m cua déng chat long néng toa ra s& 16n hon exergy bé
Hinh 4. Lam lanh b3 thang trong bam nhiét sy mat nhan dugc valdn hon exergy dong lanh nhan duoc.

fanh it &m Piéu d6 1am cho hiéu suat exergy lué nho hon 100%,
kh& véi phuong phap can bang ning lwong coi nhiét nhan duoc cua déng lanh biang
vé6i lugng nhiét déng néng téa ra né@ cohiéu suat 100%.

Vidu 2. Sir xuéng cap NL do sit dung ldng phi ning lwong “cao cdp” (Noble-dién
nang, cong co hoC):

Cong co hoc, dién nang 1a cac dang nang luong gom toan exergy, vivay khi bién
d6i n6 thanh niang lugng nhiét conhiét @6 gan nhiét do maoi truong thihiéu qua bién
d6i n&y lacuc ky thap (17, < 10%) [1,2], cach lam nay duoc vi nhu dung bia ta
nhung chi dé dap chét rudi, mac dtihiéu qua bién d6i nang lugng theo nguyé Iyl 1&
100%.

- Ding dién nang swéi am truc tiép khéng gian c&ch nhiét: St dung dién tré sudi
duy trinhiét d6 phong 25°C khi nhiét d6 ngod troi 1&10°C thicén bang ning luong
cho E*=Q~ (Nhiét ning nhin duoc bing dién ning tiéu thu) nhung cin bing exergy
chi cho E; = 0,05Q " tirc 1a dén 95% laton that vahiéu suat exergy chi 1&5%. O day
95% exergy ton that 1&ado su giam chat luong hay su xubng cap cua NL khi ta sir
dung exergy (dién) chi dé suai am & nhiét d6 gan nhiét d6 méi truong. Pidu d6 khac
han véi hiéu suat nhiét 100% ¢ truong hop ndy.
Thh hudng nay ciing giéng nhu khi ta co6 gang
khuay chat long dé ting nhiét 46 cua nd
] - - Diing co' ndng nén khéng khi d@é t&h am: Khi

/ hoi nudc trong khég kh1bi nén doan nhiét/dang
. nhiét s& héa long (t&h am) tao khéng kh ikhé O
» . day, ta da str dung co nang/dién nang la dang nang
7 0/”‘/0 luong cao cap (nhom 1) dé t&h am malé ra ding
- > bom nhiét khir am/ may PHKK s& tiét kiém dién
- ning tiéu thu rat nhiéu, viéc né khichi don thuan
Hinh 3. Bién d8i nhiét do & céc phuong 4n oK sm  |Ata0 Nguon khéng kh Tdp suat cao, dé gia nhiét
fanh tryc tiép va Water Chillr. chat long ta cothé ding c& ngudn nhiét kh& nhau.
V 1du 3. Giam ton that khéng thudn nghich khi

gidam d chénh nhiér g trong quéatrmh truyén nhiét:

>
X

T




- Lam m& kh inén: Khéng khisau né khéng chi cO& suat ting 1én ma nhiét do
cling tang rat nhiéu, khi nén téi & suat khoang 8 bar, nhiét 6 di khoang 150°C. Bé
|&m m& tro lai nhiét do moi truong (khoang 30°C) néu ding mé&y lanh thi 6 chéh
nhiét d6 ciing hang trim d6 né ton that KTN sé& rat 16n vatén kém hon nhiéu khi
ding nudc 1am mé téi khoang 35°C rdi sau dé tuy nhiét do yé& cau thap dén bao
nhi@i rdi méi ding m&y lanh. Trong ca hai doan lam mat do chéh nhiét do sé thap
hon nhiéu.

- Lam lgnh djch bia: Dich bia sau khi ndu conhiét 6 khoang 80-85°C, ngudi ta
cling dung nuéc dé 1am m&A rdi sau d6 méi 1am lanh biang mé& lanh. Hién nay hay
dung nuéc 1°C dé 1am lanh trong so d6 nguoc chiéu, nho vay ma do chéh nhiét do
khéng cao vatén that KTN duoc giam di dang ké.

- Sir dung hé thong DPHKK Water Chiller dé giam ton that KTN: Bién doi nhiét do
duoc biéu thi tré& hhh 3.V dy khi 1am lanh tryuc tiép ta phai dcng m& chat lanh s&@ &
5°C dé lam méa khéng khitir 25°C xudng 17°C (trung bhh 22°C) va At =17K. O
Water Chiller nuéc duoc Iam mé tir 12 xudng 7°C (trung bhh 9,5°C) ¢ nhiét do bbc
hoi 3°C, tiép theo lalam mé khéng kh itr 25 xudng 17°C (trung bhh 22°C), nhu vay
At chi 1&4,5 val2,5K.

- Ap dung 1am lgnh vagia nhiét theo so do bdc thang trong céng nghé sdy lanh va
hit am: Dé 12m lanh khéng kh it ta dén ts(Hh 4), d st dung 4 dan lanh véi c&
nhiét do s@ toa, toatos, toa[1], At ciaquétrih truyén nhiét trong mdi dan lanh nhé hon
nhiéu khi cCng dCng mat nhiét do s@ tos, Nho vay giam dugc ton that KTN.

3.Exergy, méi treong vaph& trién bén virng

C& ngudn ning lugng cHthé duoc st dung dé théa man nhirng nhu cau cua con
ngudi vacai thién chat luong sdng nhung né thuong dan téi tdc dong méi trieong. tir
nim 1992 lién hop qubc da phat dong chién lugc bao vé hiéu qua moi truong kh T
quyén ma trong linh vuc ning luong 13 ting hiéu qua vaang dung c& hé thong nang
lwong thén thién voi moi truong. COthé giam thiéu pha thai CO2 do tang hiéu qua va
giam su dung nhién liéu hca thach vasu dung c& nguodn ning lugng thay thé.

Exergy von biéu thi kha nang sinh cong hay kha nang gay nén cac bién dong cua
moi trudng. Theo Tandeusz Ktas [8] “Chat luong cia nang lugng dongnghia véi kha
ning giy nén bién dong cua no”. Vi€e tac dong g& mat Cal bang cua méi trrong va
exergy cua c& chat g& 6nhiém nd chung lanhiing yeu t6 dang ké nhat. Thuong
nguoi ta ldy diéu kién cua maéi truong xung quanh 13 diéu kién chuan cho c& tmh
todn ky thuat. Nhu vay khi nhiét do lanh hoic nong hon, ap suit ting hoic giam hon,
nong do kh flo&ng hoic dic hon moéi trudng thikha ning tac dong cua ching dén ma
truong cling tang lén.

Mot trong nhitng méi lié hé giita exergy va méi trudng duoc thé hién qua su sut
giam exergy do tmh khéng thuan nghich ma né thuong I&hau qua cua nhing su hon
hoan (chaos creation) hoic su ph&vé trat ty trong c&c hé thong coto chirc.

Nguoi ta dd ching minh rang [8] Su giam exergy nhu 1a sy xudng cap caa mé
truong sach tao nén méi trudng ndo loan va nd duoc do bang cég nho nhat/exergy
duoc y@ cau dé 1am sach moéi trudong dua nd vé trang th& sach von ca



Ytuong ndy chiac chin chua phai 1a da duoc nghié ctu day da macdn nhiéu mat
phai dugc nghién cuu tiép tuc, trong do thi exergy hoa hoc conhiéu kha ning 13 ¢6 ¥
nghia nhét trong tat ca c& thanh phan exergy can du vao tac dong moéi trudng. Nhung
trong khi exergy chua 16 dién trong c& madi quan hé véi mot sé tac dong moi truong
nhu 12 nhitng phé thai anh huong dén suc khoe con ngudi va dong vat, v idu chat doc
hai, thitheo Marc A. Rosen [8] hién nhi& lacoton tai mdi quan hé gita exergy va
moi truong vaéng cho ring néu ai tin ra

duoc nhitng méi quan hé dic biét giira
® Sweh hiv tt e exergy va tic dong méi truong thisé rat
" swng i cla L xing dang dugc nhan Giai thuéng Nobel.
" Supht thii eeray Hay xem x& mot s6 van dé lié quan:
- Ph& thai exergy vaswy phahuy trat ti
Higu sudt excray. ol qud trinh. moi truong

Hinh 5. Quan hé gitta hiéu suét exergy clia qua trinh TheO Rosen VaDincer (1997) [8] Su glém

va tac dong mdi truwong do sy hily hoai trat tu/sy xudng cip  tac dong moi trlIO’ng cua mot quatr nh do

cda NL/su phét thai exergy giam sy phava trat tu, do sy xudng cap cua

nang luong vado c& phd thai exergy cua c& chat thai ty 1¢ thuan vai viéc ting hiéu
suat exergy cua quatrmh (hh 5).

Tuy nhié khi & dung c& bién phap diéu khién nhiém ban thi tic dong moi truong
cOthé giam ngay ca khi hiéu qua giam. Su x&o tron hay su phava trat ty lamot dang
x&m hai méi trudng. Vé co ban, entropy biéu thi si mat trat ti, cén exergy biéu thj
cho su trat t. Mot hé théng cSentropy cao s& hdn loan hon hé thong cOentropy thap
va vei ctng mot moi truong xung quanh thiexergy cua hé thong trat tu 16n hon hé
thdng mat trat ty. Mot v idu truc quan hon: Ving nén nhacoglothol c& to glay tung
tée s& cOentropy cao hon va exergy thap hon ving co cic td gidy van dugc Xép gon
gang canh nhau. Do chéh léch exergy cua hai hé théng duoc xac dinh bang exergy
(vatrat ty) bi phahuy khi gidthdi tung déng gidy vabang céng nho nhét can co dé
dua hé thong mat trat tu vé hé thdng trat tu (c6 nghia 1a dé xép lai c& to gidy da bi
lam tung tée).

- T& hgi méi trwong cua Sw Xuong cdp Cia ndng lwong: Sy xubdng cap cia c&
ngudn ning luong dugc tin thay trong ty nhié lamot dang cua su hay hoai mé
truong. Kestin (1980) khing dinh ring c& ngudn ning luong von lavat chat hh
thanh trong ty nhié hay nhan tao déu ¢ trong trang th& mat c&n bang véi moi trudng
va c6 exergy xem nhu 1a hau qua cia sy mat can bang nay. Hai dic tmh cua c&
ngudn NL d6 14 tinh chat vath&nh phan caa nd. Qua trinh 1am ting gia tri (vaexergy)
cua nguon NL bang c&h 1am tinh khiét dé ting exergy ctia nGcan ti@ thy mot luong
exery tir mot nguon khée. Hién c6 hai cach dé giam tac dong maéi trudng & c& nguon
nang lugng bi xudng cap [7]:

+ Tang hiéu qua théng qua giam exergy can thiét cho qua trinh do dé giam su ph&
hily moéi truong. Viée tang hiéu qua cling thuong luén giam exergy phé thai.



+ Sir dung c&c nguon exergy tir b& ngodi (Chang han nhu niang luong mit troi):
Trai dit 1amot hé thdng ho dé dang don nhan déng exergy tir mit troi. Do 1a exergy
duoc cap ra cong birc xa mat troi vacudi cong lai bic xa tro lai vii tru. Sy hay hoai
moi truong cOthé duoc giam bot do thay thé c& nguon NL xudng cap trong tu nhié
vado tfh mo cua trai dat. Néu vimot 1y do nao d6 trai dat tré né& mot hé km thi
ngudn NL ndy s& tro né ngdy cang xudng cip do nhiét d6 moéi trudng ting 1én. Pay
ch fih 1athh hudng trai dat bi mot 16p kh inhak fih bao boc.

- T& hai cua sw phé thdi exergy cua c& chdt thdi

Khi exergy bi thai ra do sy mit c&n bing voi méi truong cokha ning tao nén c&
bién dong thiexergy cua né dugc xem nhu 1a mot kha ning pha huy moéi truong. Khi
ph& thai vao méi treong, exergy ndy lahiéu ing Iam bién doi méi truong. C& bien
d6i nay thuong theo huéng phahuy mdi truong (v fdu kh@ thai), it khi tac dong tét
cho méi truong (v idu ving sdng, ho gan chd thai caa nuéc 1&m m& ¢ c& nhaméy
dién vé mua dong). Exergy phat thai vao moi trudng cOthé bi can trg cua CO2 vac&
- kh inhak fih, vivay can xac dinh rdexergy ladang
RARLE. bi ki ché hay duoc giai phong (hinh 6). Pay la

Energy duoc minh hoa so sé&nh thé hién exergy bi kin hamn trong

Gia phéng
wainanna Mot he théng l&mot ngudn, con exergy pha thai
renaméitrwena) - yao moi treong ladang duoc giai phdig vacdkha
nang xam hai moi truong [6, 8]
Hinh 6. Exergy bi im ham va exergy duocgiaiphong 1 N€0 Reistad [6] hau hét c& nguon exergy tim
thdy trong méi truong déu ladang bi kin han vala
nguon exergy cOgiatri, con c& exergy pha thai déu l1adang khéng bi kin ham vaty
do tac dong hiy hoai méi truong hoic cotiém an nguy co gay hai. Nhu vay exergy bi
k' han (v idu trong nhién li¢u) 1alué luén cogiatri vagiatri cua ndphu thue véo

c& chi ti& kinh té.

Exergy
bi kim ham
(M6t kha néng
ady nén su
dai thay)

4.Exergy vaphé trién bén virng

Phé tricn bén viing khdng chi yé& cau Iaphai s dung c& nguon ning lwong bén
vitng mac& nguon nang luong ngy can phai duoc sur dung
cOhiéu qua. Phuong phap exergy chu yéu duoc str dung
trong viéc cdi thién hi¢u qua, ndcho phép két ndi toi da
nhhing loi thé ctia c& ngudn niang luong dong thoi giam
thiéu téi mac thap nhat nhimg tac dong ti& cuc (nhu 13 sy
phahuy moéi truong). Hiéu qua s dung l6n hon s& cho pheép
nhixng nguon nang luong nhu vay dong gop vao sy pha
Hinh 7. Quan hé gita téc déng méi trusng va trién 1au dai. Picu d6 co thé dat duoc khi sir dung c& nguon
b Svﬂ,r,b,jzuvfﬂffe”x"‘efxcua .  nang luong Thoac khdng cochit thai vao méi truong, hoac
lasu dung c& cang nghé khéng cohoic co it tac dong xau dén moi truong.
Phuong phap phan tich exergy c6 thé duoc st dung dé cai thién tmh bén viing. Do
exergy cOthé bi mét di do nhitng quatrimh khéng thuan nghich bé trong, né can

Sir bénvirng

Tac dgng méitnwéng
4

0 Higu suét exergy 100



giam thiéu dén muc téi da cac ton that exergy, dac biét 1akhi sir dung c& dang ning
lwong khéng ta tao duoc, dé co duoc su phé trién bén viing.

Tir hinh 5 d3 trinh bay ¢ tré ta cothé biéu thi rd hon mdi quan hé giita viéc ting
hiéu suat exergy véi viéc ting do bén virng vagiam tac dong moi trudng nhu & hh 7.

Khi hiéu suét exergy dat 100% thi tic dong méi trudng coi nhu bang khéng, exergy
chi dugc bién ddi tir dang ndy sang dang kh& makhéng coton thét (do tiéi thy bén
trong hoac do phd& thai) vat fh bén viing ciing vo cing 16n viquatrnh tro né thuan
nghich. Khi hiéu suat exergy 0% thisu bén viing khéng c§ vingudn exergy bi kin
ham duoc sir dung nhung khong tron ven va tac dong méi trudng larit 16n vi dé cung
cap cho mot dich vu ¢b dinh thiphai tang s6 luong phé thai exergy bi kin ham.

C& quan hé gitta moi trudong vasu bén viing voi hiéu suat exergy cothé duoc minh
hoa (dinh tmh) qua c& v idu 4,5. Trudc tié ching ta h& pha& trién mot sé quan hé
can thiét cho su phén t th ndy.

- Hiéu suat exergy cua chu trih nhaméy nhiét dién: nep = E/E*, (6). O day E* &
cAng suat exergy nhan duoc ¢ dau ra (céng suat céng cua tua bin), E* 1acéng suat
exergy dua vao (CS exergy cua nhié li¢u ti& hao)

- Hiéu suét exergy cua chu trih lanh: ne. = Ep /E* = 1- (IVE™), (7). V6 Tton that

exergy [ =E"- Eg,

O day Eqo lacéng suat exergy cung cap cho ddi tuong can 12m lanh, E* 1ACS
exergy dua vao (Cong suat dién ti@ thu). P6i véi m&y lanh nén hoi ta ciing c6 thé
t h neL théng qua c& hé sb lanh COP; = Qo/E* ctia chu trih thuc vaCOPc = Qu/Eg,

cua chu trinh 1y twéng Carnot (thuan ngich) twong duong: ne. = COP/COPc, (8)
COPc cua chu trinh thuan nghich 1y tuong duoc xac dinh theo nhiét d6 ngudn lanh
To vanhiét ¢ caa nguon nhiét do cao Tk : COPc = To/(Tk-To), (9)
Theo Connely vaKoshland (1997) [9], hiéu qua tié& thu nhién liéu hé& thach duoc
dic trung boi d6 suy giam (depletion number) Dy laty sé gitta d6 phahuy exergy Exp
(hay laton that exergy IT) va exergy dau v Exin: Dp = Exp/Ex;, = 1/ ExXin, (10)

Ta coquan hé gitra hiéu suat exergy vaDp: e = 1- Dy, (11)

Nhu vay do suy giam cang Ién thwhiéu suat exergy cang nho. T ®h bén viing cua
mét ngudn nhié liéu duogc biéu thi bing chi s6 bén vitng SI langhich dao cua do suy
giam: Sl = 1/Dy, (12)

V 1du 4 : Anh hwong ph& thai CO2: Ap dung phuong phap nay, co thé x& dung
quan hé gitra hiéu suit exergy véi chi sé bén viing Sl vatdéng phé thai c& chat doc
hai, g&y hiéu trng nhak fih gom CO2, SO, NOy t fih ing véi 1kWh dién nang san xuat
ra va dugc biéu thi trén d6 thi hhh 8 cho truong hop nhamé si dung kh Tthién



nhié (cha yéu lamé@an) 12m nhié liéu. O day tac dong moi trudng duoc biéu thi qua
lugng CO; ph& thai 2,75 kg/lkg CH4 vai exergy héa hoc cua mé&an 1&51,84 kJ/kg
(Szargut,1988). Quan h¢ dinh tinh (hinh 6) dugc cu thé hon & hh 8 véi do bén viing
biéu thi qua chi sb SI.

V 1du 5 : Anh hwong phé thai SO, vVANOx: Mot may DHKK cuc bo duy trinhiét
do phang 25°C khi nhiét d6 ngoa troi 1a32°C. Coi rang dién ning tiéu thy dwogc san
Xuat tir nhaméy nhiét dién dot than vai céng suit don vi 1kW sinh ra 6,38g SO, va
3,699 NOx phé thai ( theo sé liéu cia USDOE, 1998). Trén db thi hh 8 khéng trih
bdy giatri tuyét d6i & truc phé thai. O hiéu SuAt exergy 50%, cac lugng phé thai CO;

s |a0,38kg, can phé thai SO, 1a0,43kg, NOx 1&0,25g. T

20

[, ;; dong méi truong duoc biéu thi qua lugng SO2 va NOx

ph& thai. C& phd& thai n&y vachi sé bén viing SI phu

Phit thai CO2, SO2 hodc N

: -'\\ //- 2 thugc vao higu suat exergy cho 1kWh tai lanh ciing dwgc
>~ * minhhoatré& hWhh8.
sty Trong ¢& v idy tré), c& nhién licu s dung thudc loai

bi kin han lanhi& ligu h& thach. Néu st dung c&
Hinh 8. Quan hé gilta phat thai COy, SO, hodc py QUOn NL t& tao nhu NL dia nhiét, NL gio,...thi chi s0

NOx va chi s6 bén viing Sl ctia mét qua trinh
Véi hidu sust exergy bén vitng s€ cao hon, tac dong moi trudng it hon.

5.Exergy, kinh té exergy vabai toén t6i wu héa

Trong viéc phan tich phuong an va thiét ké c& hé théng ning luong ta phai sir dung
két hop c& mit ki thuat (chu yéu 1a cac dic tmh nhiét dong hoc) vai tmh kinh té dé
c6 dugc phuong an thiét ké toi wu. Mat kinh té c6 ¥ nghia quan trong trong viéc danh
giac& cang nghé nang luong xanh. Voi c& thiét bi bién doi nang luong, giathanh
thuong duoc dya trén gia ning luong. Tuy nhié tir nhitng nim 80 nhiéu nhanghié
ctru dé xuat vadp dung tinh gia thanh chinh x4c hon 1a dya tré gi&cua exergy dau ra,
makhéng phai 13 gia ning luong [2,9]. Theo c& c&h tmh ndy cothé nhan biét khau
ndo can dau tu t6i wu hoa thiét ké vavan hanh hé thong.

- Giathanh exergy: Lau nay gia thanh ndng luong khdng thh téi mirc d6 nhiét do
cua nhiét nang cung cap, do vay rat knéng ch mh x& khoa hoc vasé thuc [1]. Phuong
phd& exergy kh@ng xép nang lugng dién ra nhu mot loai nang lugng uwu tién nhu
phuong phép néng lugng da lam la trr ngay gid ban dién vao chi ph Tthiét bi. Theo
phuong phép kinh té - exergy c& dang ning luong khac nhau dugc tmh t6i trong moi
quan hé thong nhat, gianhiét nang duoc tmh theo c& nhiér dé cua sé lwong nhiét
nang dwoc bdn ra, gid exergy doc 1ap véi dang biéu hién cia nd(cong, dién, nhiét
hay ning luong bién doi).



Gia thanh trung binh nim cta exergy (Px) ddi véi nim van hanh cOthé duge x&
dinh qua tong chi phi hang nim Dn, VND: Px = on VND/kWh,

J} nzm(Te + ZEq + ZEw)dt
(13). MAu sb latiéi tén exergy hang nidm tinh theo tong (tEh p,h&n) theo thoi gian t
cua cac duong cong hang nam vdi c& c@g suat khac nhau (dién, nhiét, nang Iuong

bién d6i) ES , E;, Ejy. Giathanh NL nhiét duoc tfh chi cho exergy Px cia nG Pq =
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oPx = [1'(Ta /T)]Px ,
(14). Giathah cua
lanh cOnhiét do T Pgs
= (E;J;/EF)PX = -of Px
= [(Ta/Tr)-1] Px, (15).
T (13) cho thay
phuong phap exergy

cho phé& x& dinh c&
gia twong ng cua c&
dang NL kh& nhau
theo c&h 12m logic vakhoa hoc. C& céng thirc (14) va(15) cho thay khi ta suai dén
nhiét d6 cang cao hay Iam lanh toi nhiét d6 cang thép thiigianhiét nang sé cang cao
vatién dan toi gia dién nang (Pg, Per dan toi Px). O T = Ta hay Tt = Ta gi&nhiét ning
déu bang khong nhung khi nhiét 46 sudi ting mot luong At bang véi do giam nhiét do
lanh thTP¢< Pqf ta NG rang lanh dat hon nhiét.

-Vé ba todn t6i wu héa nhiét lanh: Ciing

Hinh 9. Can bing ning lugng , exergy tdng thé
cGia mdt nha mdy nhiét dién dét than 505 kW

£ e do phuong phdp exergy cho phép danh gia
74 % — He chinh xac hon gia tri dich thyC cua nang
i ,,// \ lugng va chi ra day du, ding chd x& ra tén
Ve AN y thit ciing nhu do 16n cua c& ton that ndy
71 ,) ma n6 dang dugc uu tién su dung trong c&
% I,"’ bal todn toi wu hoa ky thuat vakinh té, ca
é' — khi danh gid so sanh dé chon phuong an
28 thiet ke hay van hanh t6i vu hé thong. V1

o nhu khi chon phuong phép can bang ning
luong dé xac dinh hiéu qua c& hé théng
mé& lanh/bom nhiét vacé thiét bi trao doi
nhiét ta da bo qua c& ton that khdng thuan nghich cua quatrnh truyen nhiét, qua
trinh tiét luu. Khi chon d6i tuong | dau tu cai tién hang cao hiéu qua cling can theo thu
tu vu tién nhitg ddi twong g&y ton that exergy nhiéu nhat. H&m muc tié tbi vu hoa
c& ba toan nhiét — lanh kh@ng chi dua trén gia thanh nang luong maphai lagiathanh
exergy cua moi dang nang lugng tham gia quatrmh. C&h tnh dya trén can bang c&
s6 luong cua c& dang nang luong nhu co nang, dién nang, nhiét nang,...va cach danh
giaso séah c& ) luong nang lugng n&y voi nhau theo kiéu hiéu suat nang luong hay
hé s6 bom nhiét, hé sé lanh larat i't nh thuyét phuc. Trong ba toan t6i wu hoa téng
hop thica hiéu suat nhiét hay hé s6 lanh vahiéu suat exergy ciing chi dung lam dinh

Hinh 10. Can b%ng N3ng lugng-Exergy cla
bom nhiét sudi &m 39 kw may nén n(ra kin



huéng t6i vu vé mat ky thuat, cén can phai xé téi ca c& mat kinh té va tac dong ma
truong cua hé thdng, tic 1aphai thuc hién c& thh todn kinh té exergy va tac dong
moi trudng dé tao ra c& céng nghé xanh thyc sur.

V 1du 6:Cén bang nang lwong, exergy nhaméy nhiér dién: Trong [6] da thyuc hién
phén tTh exergy cho mot nhaméy nhiét dién dbt than & Ontaria, Canada céng suat
505 MW véi 8 16 hoi dbt bot than, & suit hoi 16,89 MPa, 538°C. Khd@ thai qua dng
kh&G ca0198m, conhiét do 120°C, loc bui tinh dién hiéu qua 95%. Nhiét d6 nudc lan
mat luu luong 18,9 m¥/s ting 8,3K khi qua binh ngung. Hoi ra khoi than tuabin cao &
duoc gia nhiét lai trong 10 hoi dé v phan tua bin trung ap truéce khi qua 2 tua bin ha
ap kéo may phat dién.

Cén bang ning luong vacan bang exergy duoc trih bdy tré& hh 9. Hiéu suat NL
(dién nang SX / nhiét do than mang vao) dat khoang 37 %, hiéu suat exergy tuong
ng 1236%, hiéu suat NL cua 10 hoi 13 95%, Hiéu suat exergy 50%, tiac lagan nhu
todn bo NL dua vao dugc nudc hap thu, cén tén that exergy hau nhu do qua tinh chay
vaton that do truyén nhiét. Trong binh ngung th¥gan nhu 100% NL vao bi thai bo,
con chi cAkhoang 25% exergy bi thai bo con 75% duoc ti@ thu cho quatrh truyén
nhiét bé& trong. Ton that NL trong c& bo phan khiac dugc xac dinh Iarat nho
(10MW), t6n that exergy ciing twong d6i nho (150 MW). C& tén that exergy chu yéu
do c& tié thu bén trong.

Ph& thai exergy te nhamgy chu yéu do khd@ thai, chat thai ran, nhiét thai ra khT
quyén vaho nudc cung cap nudc lam mat ngung tu. EXergy cua c& pha thai ngy co
kha ning tac dong x4u dén méi treong qua c& khi doc hai trong khG thai vanhieét
thai vao ving nuée quanh diém xa nuéc 1&m mé&. Trong quétrih bién doi vatruyen
NL trong 16 hoi,exergy cua than bi xuéng cap, Néu c& quatr nh xay ra hoan hao gan
v6i diéu kién 1y tuong dé hiéu suit exergy tang tir 37 dén 100% thiph& thai cothé
giam toi 60%. Dac t mh hay hoai trat tw méi trudng xuat hién khi ti& thu exergy cua
nhié liéu dé chuyén thanh kh@& vachat thai ran co do trat tu thip hon va tao nén sy
X& tron thai vao méi truong dé tao dong luc cho khé thod & dang khéng bi kin ham.
Ciing phai nG thén lavai 6ng khd@ cao ¢ ddy di co tac dung phan ndo giam &nhiém
cuc bd noi déan cu sinh séng.

Vidu 7: Cén bang nang lugng, exergy cua ma/ lanh/bom nhiét: Xét bom nhiét
R22, |0a1 nudc/nude dé suoi bang nuéc nAng vé mua dong nhiét do moi truong 10°C,
cong suit sudi 39 kKW, mé&y nén nira ki tié thy dién 10 kW, nuée ngudn lanh bi 1&m
lanh di 5K. Chu trinh khong qua lanh, cGquanhiét 5K, nhiét d6 nudc sudsi veo/ra =
40/47°C. Cén bang NL vaexergy cdang nhu & hthh 10 (Phan gach chéo: CB exergy,
Phan nén dam: CB ning lugng). Hé thong dat hiéu qua sudi COPs = 390%, hiéu suat
exergy ne = 48,3%. C& ton that o c& thiét bi ch mh theo thir tu giam dan & M& nén
2,35kW, Van tiét lwu 1,324kW, Binh ngung 1,15kW, Binh béc hoi 0,78kW.

Sy xudng cip NL ¢ day dd giam nhiéu so véi treong hop sudi am truc tiép bang
dién nang (hiéu suit <10%), khi 4y ta chi nhan dwgc 10kW nhiét. Su xudng cap NL
xay ra manh nhat van [&¢ m& nén, & day phai tié ton exergy (dién/co ning) dé thuc
hi& quatrinh né ma chét lanh ti nhiét ¢6 khoang 100°C thap xa dé cAthé coi nhiét
nang nay tuong duong vai exergy, d6 1a mot su ti@l thu exergy bén trong, T kha nang



ph& thai vao mai truong. Ton that exergy c6 do Ién tiép sau 1&o van tiét luu ma
trong c&h tfih c&n bang NL ta dd hoan toan bd qua. No6i chung dbi véi méy lanh nG
chung va bom nhiét nG riéng thexergy pha thai cogiatri thép (o gén nhiét d6 mG
truong), sé luong lai nho so véi nhaméy nhiét dién vanhiéu hé thong nang luong
kh&, lai thuwong ¢ phan tan nén tac dong moéi truong thip hon. Van dé cén nam ¢ t&
dong cia ma chat lanh voi tang &én vagdy hiéu g nha kinh nhu truong hop cua
R22 ¢ v idu ndy. Giai phép sir dung hé théng lanh/bom nhiét va DPHKK trung tim s&
dé giai quyét triet dé tac dong mdi truong hon. PHKK céc kiéu cuc b, phén té&n/VRF
tuy ph& thai nhé nhung sb lugng lai 16n, rai ra trong khu vuc déan cu s& lai lavan dé 6
nhiém nhiét cuc bd anh huong téi cum dan cu va moi truong.
6.Két luan

B& viét da cb gang lam rédméi quan hé giita ning luong, exergy, méi trudng va
phd trién bén virng cCng véi c& minh hoa lié hé thyc té. Qua d6 dd nhan manh vai
trocua viéc van dung Nguyé IyIl nhiét dong va phuong phap phan tich exergy trong
nghié cuau, thiét ké téi uvu hoa sir dung niang luong, giam tac dong moi truong trong
nganh Nhiét — Lanh. Lythuyét exergy lamét céng cu 1&m viée co y nghia thuc té to
I6n cho phép phan doan chinh x4c nhitng kh & canh lién quan dén “suc khoe nhiét
dong” cua hé thong khi 1am r&tat ca nhitng khiém khuyét twong @ng nham tao nén
nhitng céng nghé xanh cho céng nghiép, doi séng vaphd trién bén viing.
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Tom tat

Bai bao trinh bay cac quan hé gidra nang lugng, exergy, tac ddng méi triromg va
phéat trién bén ving,déng thoi trinh bay vé moi quan hé chat ché gidra cac mat ky
thuét, méi triromg va kinh té. Mét sé vi du minh hoa thuc té cho nhiing khai niém co
tinh triru tuong cung duwoc trinh bay va thao luén. Exergy va phu’o’ng phap phén tich
exergy can duwoc stz dung hitu ich trong thiét ké va nghién cdu cai tién cho cac ky

sw, cac nha khoa hoc ciing nhw nhirng ngwoi hoach dinh chinh sach.
Tw khoa: Exergy, Phan tich exergy, Entropy, Méi trtrong, Phat trién bén virng



