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ABSTRACT
Tourism cities use more water and energy resources than other city types. Therefore, the
water-energy nexus and CO, emissions are urgent issues to manage. This paper studies
the nexus between water distribution systems and energy usage. It studies the improvements
of the water distribution system to reduce water production and estimates energy-related
CO, emission reductions in water supply systems. The water supply systems are improved
by installing electric control values in a case study (Pattaya city) at five water supply stations.

Moreover, it was found that the original Mabprachan station emitted CO, as much as
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1,247 kgCO.,eq/day after adjusting the valves to 873 kgCO.,eq/day. The original Bang
Lamung station emitted 2,027 kgCO,eq/day after adjusting the valves to 1,294 kgCO,eq/day.
The original wreck station was liberated 779 kgCO.,eq/day after valve adjustment was
reduced to 390 kgCO,eq/day, former Na Jomtien station emitted up to 1,715 kgCO,eq/day
after valve adjusted down to 1,590 kgCO,eqg/day, old Chaiyaphon Way station emitted up to
1,715 kgCO,eq/day after valve adjustment reduced to 951 kgCO,eq/day. The water supply
systems are designed in the EPANET model to simulate and investigate the water supply
capability in the service pipes of five water supply stations with flow rates between 800-1,300
m®hour and pressures between 20-45 m. Results are shown that the water supply reductions
decreased the amounts of water production from the original production of 115,200 m3/day
to 78,480 m3/day. The electricity consumption is 12,856 kWh/day, and the energy-related
CO, emissions are 7,483 kgCO,eqg/day. Adjusting electric control values at the five stations
regulates the flow rate and follows the water supply demand. Consequently, the electricity
consumption is 8,759 kWh/day. Total electricity consumption and CO, emissions are reduced
by 1,495,400 MWh/year and 870,530 tCO,eq/year, respectively.

KEYWORDS: Energy-Savings, Carbon Emissions, Water-Energy Nexus, Water Management
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MSIFINUMFIATITANABINRAE L% T2UUAITINUH EPANET sunsatrulunisieey

nMadand9g dmiunagninissansgmnwiniialTudsigmawininaszuy and
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M URIULRRITN miﬂ%‘mﬂﬁsumﬁana’mmm?mguﬁw ML NI waznIiviue
NaNfoIrinauaza1a 1Juew EPANET 75'@1m“?ﬂmmwLL’J@]@Tauém%'umsﬂ%'uLﬂﬁﬂuﬁuvgm
PpILAIDUY @‘hLﬁumia‘i’]aaaqmmwﬁﬂm:uﬂamaﬁn LLa:LLam?j’agalugﬂLLuumoe]

TNAIUHUN inTatnoiiiaFuszawianiuaedayauazunu)founsuna [11]

3.3 @NN1INLNYIVDY
6 ] I di dl a % A
sunmIneTamaaiveIminaluradullaungnnefenfivasiiaau As saugaves

IR WAIH LLa:auanuLuu@Tw msﬁﬁmmtﬁumug{uﬁﬂmamLLﬁ@dIuaunﬁi (1)

Q=AvV (1)
I@U‘ﬁ Q = Quantitative flow rate (m®/s)
A = Cross-sectional area of the flow (m2)
V = Average velocity of flow (m/s)

sunInIgyisnanfiianusaisanuluduradiuinlasldgasves Hazen-

Williams L&a4 ba luauns (2)

10.66Q"%°

h, = —
f
C1.85D4.87

XL )

I@l&l‘ﬁ h; = Friction loss (m)
L = Length of pipe (m)
Q = AQuantitative flow rate (m3/s)
C = AQuantitative flow rate (m3/s)
D = Inside diameter (m)
fauszansanuEIanuTasia (C) 189893 Hazen-Wiliams fmIuriadszinnedrs g

LA 3 L3199 1
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{ 1 Qs a { ] Qs 1 1
M9 1 andudszansanutdsanmudniunalssinnans 9

Pipe material C
Welded steel pipe 140
Steel pipe (long service life) 100
New cast iron pipe 130
Cast iron pipe lasts 100
Cement 140
Asphalt paving 140
Asbestos cement pipe 130
Plastic pipe 150

N13gRYLABIad (Secondary loss) Auimlanligasvas Hazen-Wiliams diuaaalu

A a & ¢ \ v =
]RUN1IN (3) migmg,Lawwmﬂmvlmmumum LLﬁﬂdluﬁ&lﬂ’]i‘ﬂ (4)

kv
h,=— (3)
2g
I@U‘ﬁ h, = Secondary loss (m)
k = Coefficient of loss
v = Flow velocity (m/s)
g = Acceleration due to gravity (m/s?)
Total head loss = h; + h,, (4)

. - . A X . o
mMIdwrmdsunansUaadass CO, MAaduanmsbrWin [12] aansaduiowla

nEunIsin (5)
GHG (cozeq = A X EF (5)

Tagfl GHG (Co2eq) = Usunmwfhaiiaunszanfivantsan (CO,eq)
A = dayafianmsnannisldingh (kwh)
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EF = digudsz@nimidaaiass CO, (kgCO,eq/kWh)

3.4 nIbAnvUADINNEN

Tunsansitldldifaswnendunsdidnm wnedauivszanm 22.2 aeflawas
Usunmmslfindatnie 300,000,000 8673 [13] AMTAnERIFULLY WDN 1290175211
Anmaanildtein 5 ura amﬁahm{ﬂmmﬁmauaqm&uﬁaaw‘”ﬂm Tuianeaszwalng
i Tssusuuasvinsassnani lagldugasdaotounuidusainuasunasinein 2 sandt
léun amﬁ"a"lm{’lmuﬂs:fmmmmﬁﬁhmﬁwmaa:qa (@”agﬂ‘ﬁ' 3 uaz 4) lapaunfziu
AlFlunns3198951% EPANET LADW1IAL3 901N (Pressure) Tuduviasnoinuazdsunm
mysnpin (Flow) Uvznauans (1) @i’l@‘%ﬁﬁg@ﬁﬂau%'uvlﬁmﬂLm@Tm{’l"Lajﬂ’n@‘%’m’h 51067 LAY
(2) ﬂ"]LLia@”u‘L{ﬂuLﬁuviagaq@"l,ajmil,ﬁu 65 LuméfjaLﬂudﬁgaq@ﬁi'aqLLazqﬂnsrﬁﬂi:ﬂawia
RN TANBILUTIAW LG

®
Flow Pressure
100.00 10.00 Nongprue Market .70 30 59.87 o
200.00 20.00
400.00 30.00
500.00 40.00
CMH o

b

%00 Mabprachan Station

Pomprapa?ﬁﬂéf‘%. 6323

Pattanakarn rd.

ey
88.80 9.30 6126 %0 §2.23 80.00

40.00

47.85

3UN 3 amdermbanulsenn

gonilsntinuul ety (gﬂ‘ﬁ 3) Lﬂuamﬁﬁhﬂﬁ’l‘ﬁl"ﬁs:uudﬁﬂﬁﬁéfwm%aagudaﬁﬂ
LIt é’m’m’mhUﬁﬁmuﬂizgﬁuﬁuﬁmﬁao 440.80 m¥hour #1% Node 714396% 59.87 m
§@31N139710%1 414.22 m¥hour 1% Node (Nongprue Market) Aiu396% 70.39 m Lilasa7n
msﬁi'\miﬁamﬁmuﬂszﬁ'mﬂuﬁuﬁﬁﬁLﬁwﬁ'ummgamesmﬁ'umﬂ ﬂsamqwﬁuﬁﬁnm
quwua’wuﬁuﬁwmuﬂs:fu AaANLEIUSD LAZUSIAOUUWAININAT DIU5LI AR INET"

aQ

wpanIINAs kiU szUvesdszanslununnuarunnazidutinuwnadouaz S ue

WIALEN LaBR AN KA 600 m*/hour ﬁi‘hmué’l%ﬁﬂﬁiuN@%ﬂﬂl%ﬁ%ﬁﬂi:&lﬁm
15,000 19
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Flow Pressure
50.00 10.00
100.00 20.00
200.00 40.00
500.00 50.00
CMH m
’3. 44 5 b SukumyitRd, 7 4 Norflf Pattaya Rd.
¢B4.75547827.00  50.2574873 721.00 35,23 31.14
827,00 CASE
19 20 2
2 |15 .14 [} o —
5403 51.46 25.27 50.36
]
527 00
Pwa Bénglamung

34 aniangwiueaza

A by A A Y A9 o ' Y A R o
FoRanTuNeza (3UN 4) Lﬂuammnﬂmﬂl"ﬁszummmmUmsadgumml,qud
BATINNTINLILFUALAI Node 5 L330% 50.25 m 8@IINT LA 748.73 m3/hour K11 Node 6
NIIA% 46.07 m 318H1%DI Node 7 9288031N13318%7 721m*hour N1L396% 70.39 m
ganflaneing mauqauﬁuﬁ@u‘ﬁuﬁmmaa:ga qmmummﬁa LRZUSIRTIURIANNEN

A & Ado ¥ A L ¥ < L & & Ada ° oa

Wil wuﬂmummnamummnmaa:&gouumulmyumf]uwuwmmﬂmﬂwﬂmkomm

A A a £ ° A o o ~ A o @ o ' v o
Lazaawlad iy AT WI1WIBIININATAITURNYI A AL NN N A §INATHTaaT

> o ¥ & o > ¥ o X A ° XY
mm@laamimﬂmmgwumﬂﬂmsl I@ﬂﬁamm’lmmmﬁuﬁ 800 m*/hour mmué’l"nm

'
Aw A

NsuAevauluNUNIIUIL 8,500 T

[
=

& A Y A o & a g4 o ¢ o
NMIANEINTIIEII RN BN 8T aswneng 5 aandl SeinltinTadudiun

U

43,700 519 TUSurmwn13978% 3,850 m¥hour mﬂﬁagawudﬁﬁ‘hmuﬂ“ﬁﬁﬂaj RUNWT

2

TuAaN19@ N WAVUSNIHANTINGNN 1T3% FDIRTVRIN UL TETU AT ULTIN N
600 m*hour ﬁaﬁmu@[‘ﬁﬁwﬁﬂmu 15,000 78 WIBUABUNY amﬁﬁhﬂﬁ'}maa:ga 2m3190
IUIWUN 800 m*hour %a"wmu;fl%ﬁ%ﬁwmu 8,500 518 Lﬁaammmﬁa’ﬁUmmaa:ga'«jw

il nelngulsusauaznaulafiiiou

4. HANISANB
NANISANBITZUUANTINEUINS 5 aa1fl ﬂ'auv‘hmsa@é’oawﬁ'smuqumﬁiwﬁw
nﬁwLﬁmJﬂ”ﬂﬁa”dﬂwsa@@]”mﬁamuquﬂ'ﬁ'«j’]ﬂﬁn WUINAIAMUFNA LT IZHINI0AIINIT AR

lutasanonsaniindseduazussanuzad lua1ei 2 sandsvsunmnisdaadsaas Co,
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a ¥ : ] Py o A 2 ' e : [ a
lugorfisnsindsziudazuns hesanussanndatsviadaslaidinitussanunasgiui
nin. fnuald (uisaihdgade 5 m wazussawingigafia 65 m) wanmauaziianluysy

& waa 13 I3 & o v a &
N®aguliinidanay 100% uszdandiamszuuaivgunamfiminue lasguaand
° a by , & A v o ¢ . & & \ &
Mnuadsinasinlnari gl Senuaunussznitemsdaviwnsuas % lnamiwna
wazldtainuaussau (usauidrgade 5 m uazuiiautingigada 65 m) LtoAIuAN
WIAUNINN Node Basudazan#inoin drodafnuadindiinissiaedlasls EPANET
Mlimunnszydunyaifendaudazaauaz ITouiiouusIauLazdns Ny Inazadudas

A A @ \ oo ) A Ao \ o A A @
Jafandadn 9 ld mannteliddauldmmFoideysmiolumidadulafenldyluuy

t:l 1 a v ¥ 2‘ 1 IQ/ t:l v
NANNTFUADLINIHAINNG aamsmﬂ"nmm LA atW%‘YIVL@]

a ] s a
MN8N 2 as“ﬂﬂ'\‘iﬁ)'\ﬂ%qmaﬂ 5 @0

Flow in|Pressure | Water | Electricity | Open ©C,
Model emissions
(mhr)| (m) (m3/day) | (kWh/day) |valve (%)
(kgCO,eq/day)
Nz
Existing system | Q800H30 | 800 30 19,200 2,143 100 1,247
FCV Q560 Q560H30 | 560 30 13,440 1,500 70 873
maazaga
Existing system |Q1300H45| 1300 45 31,200 3,482 100 2,027
FCV Q830 Q830H45 | 830 45 19,920 2,223 64 1,294
#Inwan
Existing system | Q500H45 | 500 45 12,000 1,339 100 779
FCV Q250 Q250H45 | 250 45 6,000 670 50 390
wIaNNYY
Existing system |Q1100H20| 1100 20 26,400 2,946 100 1,715
FCV Q1020 Q1020H45| 1020 20 24,480 2,732 93 1,590
FUNIID
Existing system [Q1100H40| 1100 40 26,400 2,946 100 1,715
FCV Q610 Q610H40 | 610 40 14,640 1,634 56 951

WAL mwé'amuvl,wqf\hiagamnmaﬁwmmmﬂﬂﬂﬁmaminmlw 1md maamiﬂi:mmugﬁmﬂ
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I@] &Ii]']ﬂNﬂﬂ’]iﬁﬂH’]WﬁJ'j’] ﬁaumsﬂ%‘mﬁamsdﬁ s Bnga RNl sz e 800

D=9}

u9azyd aonfionnuan annhuiveuiiow uazan isowiii dnseiid Auid
Usunmn1s195nrinin 19,200 m¥/day 31,200 m¥/day 12,000 m*/day 26,400 m/day wa
26,400 m¥day a1NE1aU 31NUwLEa¥iNn13UTU§a 15918 ARA TR IRz aY
fuanadasninsldiinudt Susuainfdhiuiaaasedradioddglasfusunm
13,440 m*/day 19,920 m*day 6,000 m*day 24,480 m*/day Waz14,640 m*/day aUS19L 22
FwldinUsunmnnssneid A niianasegnatalauie 30-40% nTrUUsILILLLLGY
sniuannfisnsinursuiswnszusmasnandwiuisuiamenzia waziiszeu

a & Ao ¥, to & w v A Y [ 4 A a o
ﬂ')']quﬂqﬁﬂjqwuﬂiuuqﬂqlﬁﬂwﬂqLﬂu@laﬂl’m’ﬂ‘if’]\‘]ﬁgﬂllﬂzaﬁuqLL?\‘J@]%E‘:(\‘J galladn1IUTu

mﬁamsﬁh511,{1Liﬁﬁuﬂﬂauua:maq@%’uﬁmmﬂmUﬁvlnaﬁqﬂﬁavlajﬁwa@iaLLsa@ngu@“iﬂu
MIlTNH

WANIINUNLEINANITANBITEWINITZULULAN (Existing System) fuszufilsuansn
Fuhgiwu (1) sodtanudsetudvsanasindszinaass 5,760 m¥/day m3taalses CO,
NARY 374 kgCOeq (2) amﬁmaa:&;aﬁﬂ%mmﬁwﬂszﬁmmamn 31,200 m*/day L%&8
19,920 m*/day Tuaneiinsdaadsas CO, aaad91N 2,027 kgCO,eq LAa 1,294 kgCO,eq
(3) wndszUrvesanfoinuananas 6,000 m*/day luamefinisdaadsos CO, AAR
389 kg COeq (4) h11321Un98980 1l u190uIfiguanadann 26,400 miday Lwae
24,480 m®/day yainmsaalsas CO, 8Aa931N 1,715 kgCO,eq LAD 1,590 kgCO,eq LA
(5) nM3UszivasRniTawsAAaaad 11,760 m¥day luvmefinnsiaatsay CO,aan9
764 kgCO,eq IMMFIATIZAIINNG 5 andinuigaisantSunmnissnsin 36,720 m®/day
fINAlRRaNTLE WA 4,097 kWhiday wazaanisuaadsaas CO, 31U 2,385 kgCO,eq/day
wazeisidaulssfiamsldinduivnunaaindsziraasslaitasnin 13,402,800 myear

5. ajdwanisdnmn
miﬁﬂHﬁm'ﬁ:ﬁmu%aMWWai”amuua:ﬁﬂ@ﬂ’i%mimuqm:umwﬂﬁ'}ﬁi:m lag
5EM3U5U NI BT INadenTaaUsu mnsHEain Uz uazaanislEinduann
wnssnnAuiunEanluaaduidaswne Snnssernliusinamslsiniiaassmaly
fy donalasassdalsinmnslantsas CO, finaad uasvinlmAanisiaswudasloln
AanafiadudanislindudniunisniaingszUranas :nnsEnswLIImInEINnsa
muqumﬁhﬂﬁﬁﬁnnimmhm:umi’mﬁ’mauﬁaaw”ﬂm"l,ﬁ%ﬂmiﬂ{mﬁﬁamqumﬁhﬂ
w0993 5 aoflunuuitaesinldmunsaaalsunmineiidssdinlwusumnnae

WYs2d18aad NNLAUREALNEIBINTIN 5 FDNATIWIN 115,200 m*/day AILRRBNITHA
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78,480 m°/day ﬂ%mmmﬂﬁﬂﬂwagﬁ' 12,856 kWhiday uaznsiaailsas CO, fifisntas
ﬁ'uwé’amuagj‘ﬁ' 7,483 kg CO,eq/day HaN13338NLINMIUTL NS INudazannfiann 5 sonil
ﬁ]zﬂ’m@;wa“'mﬁmi"l,%amummﬁaamiﬁmi:mmNaiﬁﬂ‘%mmmﬂﬂWﬁmg’Tuagﬁ
8,759 kWh/day wazn1siaailaas CO, ﬁlﬁy’aﬁadﬂ”ﬂwé’dmuagﬁ 5,098 kgCO,eq/day 31N
msanv v TaEeninasmssunaswluszuuiieingsziing 5 sandiluaiud
Haswneuazsnansolfidudusuuvasnnudasisuaiiesssd lumsusnssaniswasnuls
i:umhuﬁwﬂi:ﬂﬂﬁﬁmuqm:uumUﬁwﬂszm@T’mmsﬂ%”m']ﬁ’aai'mﬁ'} T@ymuqmnm”u
siwszihluudas Node Taglddninmafinasgrumsdszilunsasngy (ussdwiingade
5m LLa:LLsm”uﬁ'lgaq@ﬁa 65 m) ﬂ"1Lm@”u@ﬁ;’]q@mmsmhﬂﬁfﬁvl@i”gammm”miamzlvlmﬁu
5 LAY LLa:ﬁugaqﬂ"Lmﬁu 65 mmmﬂsm‘”mimhﬂﬁﬂﬁmu@mnNﬁfwiai”uuim”uvlﬁqaq@
FINaFaNIRALSIN NIz ez FINasan1TRALSI MM INE A5z Bnviees
L‘fluu,mmﬂﬁ;ﬂ”ﬁmﬂﬁmmﬁw%awm 91w eI ARINNANNIII AT LAz N TR
wuusnaes WON luszuusnsindssiin lulsidudss Tomidoulounanisdunsssnulelu
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