nsfasrUUUITsianshseiedmiuniauins luiiuiiusimunfasniane fuoen
The Development of Smart Water Management Systems for Service Sector in Eastern Economic Corridor (EEC)
unAnge

lasan153deditnguszasdnanifiednwianudulyldlunisesnuuuszuuuimsdanisin

gansestiioannisldunlueimsniauinisves 3 anda EEC Wilded1atos 15% lngazasounqy

81A1311AUTNIS 6 Usetanianis 1asan1sildl 4 1Asan1588ATaungunITHRIuIAIUIAINTINAIY

ATYgAEans wazaulienans niounutounaumeianssuNsTuAGouaUTTRIngUIEaIAnan

lngannsaasUlasinisdesusdaglasinisiadsialudl

Tassnisgesusnynnmsdsadeyanisliihannmaundduniauinisves 3 fmin EEC wudily
U .. 2561 :ﬁaﬁ’wmwﬁ%ﬁmisﬂﬂumm%mi 26,443 518 wazldinsashedy 37,988,337 av.yl,
wiatlu ngugsianishn 17,206,736 av.u. mﬂmmuu%mmasﬁﬁﬂ 12,901,290 av.u. ngu
anufnwn 3,383,893 au.u. ngulseweuna 2,798,539 au. nquanifiuinisidonds 226,595 au.
1. NuAAIA AUSNIA sasswauduazannsal 1,471,284 auy. dwdumsliiiaeuinig a1n
WaatUInna wiseenidy Uau1n1asiunis 730 Us waztouinialenyu 695 Us Iaguouina
smsiimslinh 312,649 auar/A wuady nauan ANy 259,029 au.u./U ngulsane1ua 39,189
au./A uazndunatn audn1sm ieassndusuavavinsal 14,476 aua/A dmsuve vinnalenyy
fimsleih 4,780,047 avan/A wiady NaugINaNITAn 4,241,752 au.a/A nquaniu USNsuaziinn
155,834 au.3./U lsaneuia 34,431 av.u./U nguaniufine) 102,177 au.u./U nguaniduinig
Fouwds 217,919 au.a/D wagnguaaia gudnisdn Fassnauduazannsal 27,934 aua/d ns
fndusuuszandliinaiinunisldinnunlussdes 1iun ndugshanisé nquaniuuing
wasiiwn nauanUAn NEulTmeIuIa NGUARIN AUINITA LLazﬂfjmamﬁﬁwﬂuﬁamaq AUAIAU
warnsdnduiuUssnngldhmunisliddeneadsaninnludsdes tHud nduanuuinisuasii
fin naulsanenuna nduanufne nguaaia audnmsingugsiansfuarnguanid iitudemds
dusununldunslddufienisusnslufiufissinufaeniansfusenlueuian wuin Tuln.a,
2570 finnudeanislduniionsusnng siuvadu 57,412,664 au.sl. Wiiuduannd w.e. 2561 Sewaz
51.13 wadu ndugsian1sdn 26,541,058 au.u. nguanIuuInnsuasiisin 19,602,341 au.al. ng
anuAn® 4,798,589 au.yl. NguAnIUNEIUIE 4,049,819 au.l. ﬂ&jmamﬁu%ﬂmﬁ??al,waq 326,059
AU.ALLAENANAATN AUENITAN TeasINAUALazannIal 2,094,797 au.y. wavlul we. 2580 gl
amdeanslititenisusnns sauveay 75,723,572 aU.4. iutuand we. 2561 Hadevas 99.33

1AS9N158989 2 [HUNISHAILIAULUUNITUSITARNIS UNdaasuzsenan 3R 1aeldn1sanss
gunsalusendaun (Water Efficiency (WE)) saufunisldssuuintaundesivernnduuildlm (WR)

Ly

Taeldsmduduesiazdumasiinuasasswas (oT) auzAdslsoanuuuduluussuUdansezNnyIUn

=

indsanerasnavinislasliqadnsauiulelsunagnisnsemae asiiduee Suaz 10T 1l
mmaauLLaziwmuammwﬁwﬁﬂﬂﬁﬂLﬁ@f’]ﬂﬁuuﬂ%’%mw Real-time Lﬁaﬂizﬁ’uﬂmmwﬁﬂﬁﬁw
ndunlden Inganusatindidedieduildguuulidudasia (Non-portable Reuse) 1 1
dmdunenaeifu thezszdrsinlasnuaviisefiuiididelddamunmeiusunasguildsives



MIHAILISTUUUIMNFIANSUNSaasuzdmsunauinis Tuiiufiwedmunfiiaeniasg fueen
The Development of Smart Water Management Systems for Service Sector in Eastern Economic Corridor (EEC)

[
v

Uszimmanizering vuifedsldsaiiuanumnzanlunisamuissuudaniesdand iy
Usvendldlueinisniausnisiu 3 dandn EEC lagvinisussliudinsesiiazilSoufisuduyunag
navszlevdseionvuiaouldfuuunsuimsianisidaniszdmiuaauinsiedu 5 maden
(Scenario) TnevinsUssiiufuenmsnAuInshiau 195 Ussan (wadu 13 Yssianianssunie
U3M3 x 3 0¥A x 5 w1 andnunnaslnginnmuuiinansléin) wuimadend 3 Aen1sld
WE+WR d1m$uoransin uag WR dmiuemsiiiliasudiuniely 5 Ymnzauiiandmiveins
AAUINT EEC InmsUsziliudananamuinssuuuimsdanisidansszdmiunauinsidnenin
Tunsaamsliile 22-33 &1u ava. de U Taewuinil 59 Uszianenns (@n 195 Ussanenans) 1
il B/C ratio > 1 fin tonvufiaudunuainnisdiiunislészuvuinsianisiisaaies @ 17
Uszane1nstuasdansi, 25 Ussinnenanshugays, uazl7 Ussanennislussees) egalshd a1n
nsdadduauddylunsandilfussadmane 15% 18335 wuind 5 Ussanenasniauinig
yurnlng warlngunn (@ Ussianegluvays was 3n 1 Useianegluasidansn) Asgaisdes
Afiunsativayy duasy wazaruauliAnnisaiunis 3R PIULLIARSFUUUIMTTEULIRNT 1
SaaSesfazanunsnannslitinlu 3 Sande EEC 16 229% wiefle 13-20 & aval. de U lnefins
amuiuszuuianmsihdueiesdmiueiasia 5 Ussandenand sasmanauununielusious 23-
46% WUIANYLLIN

1A5aN158087 3 ¥IN15UsEIIUYARALTAATYEAIAR SURINTHAIIIAURUUTEUUUSINTIAN 51
gansvauman 3R veanAuINIsluiui EEC nquszasd Ao 1) WieUsedluyaniduasygaans
M usaauazliiuAa1TIRToUARUERLATYEAY FIAY LarAILINToNTBIlATINITNAILIAULUY
FEUUUIMNITIANITUINNAN 3R Vaan1AusNsiuiuf EEC way 2) iadinsisikasiUseuiiisuduyu
wazuaUszlovilannniudensige Imm‘uiam%’aganamﬁmﬂmwLméaimﬁumiﬁmmwzﬁ@ﬁﬂ
v A PRI P Py a L A o ) & P o
ALy IRgITasnuraUsE LA ssUUnATasiu EEC dwiunaUsslevinisweouvesdeny
lunaineasnssuaudnwasaillaussendldissanaianimsslunisyseiiugarmayseleviann
WyvAsugnadnuwiy 15 viln vusiinauselovusauinisssuuiinalaussynaldisloudanausslovl

6 d’lj a 494'/ aAa goj 1 goj 1 < goj Ao w 4’{’ a = 1
wuuisnduluiundiseieunayiuniiuiiidiwage v idAgyTuiug EEC nan1sAnsinua
wONIINIATINIGY La1U50a3 19U leBUgNEN 1IN TLTLATEEAIINNTUsENTR U Iiiugsfa
FIUIULIN NIANERINTIULATUINSVITZULBNARLATUUslordogaunuiulunnnsd wiidle
fsangnsmanauwnunely (RR) wasdnsdiunalasosumnu (B/C Ratio) sufsninugaulnisie

a ! . I3 a Aa Y a v
Audedluowian wudn Scenario 3 WunnsmamaudeniidieuAueailtunisamuunign aeviou
Tmdiuledn nslduinsnisusendain (WE) way n1sundinduun il (WR) nize1a1sn1ausnig
Tmita$1amdsl 2021 waz WR dwsueimsniauinisiiiasuynanansnielu 5 U wWumadenlunis
ALHIULINTNTNLANUANAINILATHFANEASUIN TR

lAsan1sgaeil 4 Nauvatausiusneuleuiswasnguune Tinquseatd 3 Usenis Ae 1) e
Anwinleung NQuUaNg WININITUY TINVBIANSTALITE sTUMSITUILaENI5IANTITUIRILMEN 3R
lunguaneUsewmeiwesudl wavUsvinmoeainside 2) Wefnw Useliudsednsnnuazdodninlusiu



nsfasrUUUITsianshseiedmiuniauins luiiuiiusimunfasniane fuoen

The Development of Smart Water Management Systems for Service Sector in Eastern Economic Corridor (EEC)
ulbue nguany 1RINIIBNY SauTesdnsiisadestunisldduasnnsdanisiiaundn 3R lu
nvnevesUszmalnefilitiduluaniulszneunisvesniauinis 5 nau uaz 3Litevamndelaus
Faulsune ngune wazanInsdugdeniaiganmsnenunSeusuluy Turaauedeuus tdy
wadiauaznisamu tasanstidunifodenunin wasfudoyalasldnimmuniuissunssuamis
nguane (nguanelne aniusansisusgoesud iniefzeoamnside) wagldnsruiunsduniuain
Tassa$a msihnsaununguiiiensiadeunnugniosuesdeyannnisdunival n1siszen
finnsalitesuilsmnuiunnmbesnuniaenvusaznessiiedos suviinisiuilenufaiuan
M9 AmMainng waznsaunuiliznauiuilinnudaiureshsnumaigiimihdilunis
Sasuldngranefifendes Tasansitedesiiasoulovisnazunsmanengunefimsiiluyszine
Ingifiodaasuliionyusi 3R luwefiufifaufiasniang Tuseniiioanuiunanisléinag 15
Woesidudandgu sulsznoudsnisesninasgiuiiientes (wmsgudndefidiunstisauds
Aunssufianunsaiididefiiiunisiidaunldld uay mnsgrugunanivsensai) deinguanendi
wimuaiuilunstduldnasmsouindih uasdssmdlisiuiidamunieuniang fuoonidy
fufidaaiuniseyinii wasdimsdmuslidwesermslmllugsfinnsussiniiviiidedsgunal
Usgiintuazszuuiidamindesuiuenhithunsiiaudinduanlflmiludansilidususse
seuywd mugluiumsiniasgldnisatuayussdeyananaina waznisiuluguuuusing q wWu
nsann® matharldiglumsndeanasmgoun® msfamduinonde s nstadanasmuiio
nseusntith wagss3uses ludwenmailildinnsnisydafesaianiuasanidmiideio
Ingaliiseneunisindegunsaiuszudaiuarssuutidamindesmdaonirfiiunstidaudn
navinldlng audiunsdaasulaen1nsgmenIngniseneg dalanaauiuda

yheiian Tassnnstigniuiadoulasfitmnodievinlinammadeldsunmssenuuasiluuics
Tnovhosuiisades auussananaitsneimuualy Aanssuudadu 2 4 fe dradudunns
Anw1ide 1 2 Anssu laun nsdunwalnilisnudiunarsiuuleuigiasngyang wasn1sussyy
Puasunusuluiuiifmiavayd szoowuaranduns nafilddy fo mhonudiunaisynmiie way
@U‘%mﬁwi’mﬁgﬂ 3 Smialimnuiureuiundnnisuazuuameuedlasenis uazfiuszsunnanadIu
Tu 3 fandaldfianuiudndiu Frandanlinanisinyidouds I 2 Aanssuldun n1suszguiuils

Yy Y

AUAAIUABNaN13AN¥IAINNNAIAEIL (Public Hearing) waznsuseyulfiznauseAugiisnuna

Y

v a

Andula (Round Table) FuilfuImsuasiTeIv 1Y UNMINEINUIB U AYIITINUTEYN 017
AUNNUNTNYINTUIIYR 89ANTITIANITUNEY d1TNNUUTANTENTIT NSNEINTEITUV AN
duwnaeu dinnuldnnsensiasisagy ddnauddansensndnusns dnauanenIsung
duasun1samu nsduaSuAuA NEwIRSeY nTNduasuNIsUnATowRsdY drinaudminvays
WAUTAUATIZEBY INAUIALIBIAYUEY WMAUIARIUAUILET WMAUIAFIUANIUYY d019RaIMNT Y
1 A 1 < (K- L s o a" =]

Noufigaurslsemalng vue. Wunsaimul wazlsasuasy woves et NUszyuiivveuly
NANNIABULIUIBLAZUINTNITNINTLEUD Lazkuz U1 lAlaudonnesgUUasIoNITdINTT HIY



nMaWRLsTIUUIMSIansThSsserdmiunauims luluilwatanfieynans Sueen

The Development of Smart Water Management Systems for Service Sector in Eastern Economic Corridor (EEC)
V119 @NUY. LazAnenIsun1Ininensuiwiad agulainnudundoulasinislanadnsaiui
AN

v Y o ] T w v =

Taiausiustiiotuinfeulasinisdeluauussana 1) dndeiauswuzaumalulad wuinig
UImsiansuazdetausiuzidauleutgwazngraneive dsdukaratiuayuniauinsiuns iss vy
I9n1517 3R YIUNITINAUTeIauaTeeINIARREIINTTHLAZAALIBY LAURABLAYIENS anuy. Lile
NINTUIUNAUDNUTEYUAMLITUUAT HIUANENTTUNIININEINTUIWIAYIR 2) AEITEAIUNY VY
VBIHUIIUAITARUITEUUAITINURUUTITIANTT U IR EEC AlsTiuilony anuy. 8nsia
ngnIEnTIion1sUsEndatiuazn sttt neld w.s.unsnensi we. 2561 wag 3) @519A94
dWnlawazaunusaliunnnaindiuneingadauddluiui EEC Maziiadwsininfivneainnisalld
1eL39dnNT15UPUE YR (Demand Side Management) AualUfuN1SInNISURLYL nemeuns
v aw ) ! A o & 9 S v = oA
Toyanaiduuazmegvanulszneunsiuszauanudnsalunisdnnisuimemealulad 3R H1ude
#1199 nieunslviainugiswmaenicivinisaniasenisluglwuuvesdile e-book uazgrudeyaly

. A Y a U [ (4 Y L
website telviinn1susuivesdinulaglifasselvidngrunedenu



MIHAILISTUUUIMNFIANSUNSaasuzdmsunauinis Tuiiufiwedmunfiiaeniasg fueen
The Development of Smart Water Management Systems for Service Sector in Eastern Economic Corridor (EEC)

Abstract

The main objective of this research is to develop a smart water management system for

service sector in three provinces of Eastern Economic Corridor (EEC). To meet the
government’s goal, the smart system must be capable of reducing the water consumption for
at least 15%. This project covers six major types of commercial and service buildings. The
project has four sub-projects covering engineering, economics, and legal aspects together with
the stakeholder engagement to achieve the main objective. The summary of each subproject is

as follows:

The first sub-project assesses the water usage in the service sector from all water sources
in the three provinces. In year 2018, the water users of service sector from Provincial Water

Authorities is about 26,443 connections with the total water usage of 37,988,337 m? per year

divided into business group (17,206,736 m> per year), service and accommodation groups
(12,901,290 m? per year), academic group (3,383,893 m> per year), hospital group (2,798,539
m? per yearn), fuel service station group (226,595 m® per year), market sectors (1,471,284 m* per
year). On the other hand, the water usage of service sector from groundwater sources can be
divided into 730 public wells and 695 private wells. The water usage from public wells is
about 312,649 m? per year including academic (259,029 m? per year), hospital group (39,189
m? per year), and market group (14,476 m? per year). For the water usage from private wells is
about 4,780,047 m® per year including business group 4,241,752 m> per year), accommodation
group (155,834 m? per year), hospital group (34,431 m® per year), academic group (102,177 m*
per yean), fuel stations group (217,919 m® per year), and market group (27,934 m? per year). The
ranking of water usage by volume from high to low consumption rate a is as follows: trade

groups> accommodation groups> academic group> hospital group> market group > fuel

station group, respectively. The ranking of water usage by water use per building from high to
low is as follows: accommodation groups> hospital group> academic group> market group>
fuel station group, respectively. As for the future trend of water use of service sector in the

EEC area, the total water demand of service sector in year 2027 is about 57,412,664 m> which

increases by 51.13% from 2018. The water usage of service sector can be divided into business

group (26,541,058 m? per year), accommodation group (19,602,341 m? per year), academic
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group 4,798,589 m? per year), hospital group 4,049,819 m? per year), fuel stations group
(326,059 m? per year), and market group (2,094,797 m?> per year). Similarly, the total water

demand of service sector in year 2037 is about 75,723,572 m® per year which increases by

99.33 + from 2018.

The second sub-project is to develop the prototype of the smart water management
system for service sector using 3R principal. The major tools are using water-saving fixtures
(so called Water Efficiency (WE) and using water treatment system to reclaim and reuse water
(so called Water Reuse (WE)). Our research team has successfully designed the water treatment

system using aerated microbial treatment together ozone followed by sand filtration to reclaim

the wastewater to be reusable. Sensors and IoT were also used to monitor and ensure the
quality for the water reuse in a real-time manner. The quality of reclaimed water is suitable for
non-portable use including using in green area, in cooling tower, and for flushing toilets.

Furthermore, our research team evaluated the financial feasibility of using the prototype of the

smart water management system for service sector in EEC. We compared the cost and benefit
of the total of 195 types of commercial building in service sector (including 13 sub-types of
commercial building x 3 provinces x 5 sizes (based on the water consumption rates) from very
small to very large). For each types of building, five possible smart water management
scenarios were assessed. We found that Scenario 3, which relies on using WE and WR for new

buildings and transforming all old building to use WR within 5 years, worked the best among

all five. According to this scenario, the service sector in EEC can reduce water consumption
by 22 to 33 million m® per year. Of 195 types of building, 59 types of building (17 types in
Chachoengsao, 25 types in Chonburi, and 17 types in Rayong) have benefit-to-cost ratio > 1,
1.e. the owners of that types of building gain the total benefit from the investment on the smart
water management system. Nevertheless, to achieve the government’s goal (to reduce the
water consumption by 15%), the government has to come up with enforcement or encouraging

measures to ensure the implementation of the smart water management system by at least five

types of commercial buildings (including four types in Chonburi and one type in
Chachoengsao), all of which are large or very large in size. These five commercial building

types can achieve the reduction of water consumption by 22% or 13-20 million m? per year. The
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investment on the smart water management system for these buildings has an internal return

rate of 23 to 46%, very worth of investment.

The third sub-project aims to: 1) evaluate both market and non-market economic value

covering the economic, social and environmental dimensions of the 3R development of a

water management system prototype of the service sector in the EEC area; and 2) analyze and
compare costs and benefits of various possible options. We collected secondary data from
multiple sources together with in-depth interviews with experts involved in irrigation system
and ecology of the EEC area. We applied the direct market price approach covering 15 types

of major economic crops in the EEC area to estimate the indirect social benefits in agriculture

generated from the introduced technology. In addition, we used the benefit transfer technique

with a function transfer method in the mangrove and surface areas of rivers and reservoirs in

the EEC area. Here this study revealed that the project is predicted to create positive benefits
to firms, farmers, and ecosystem services. Considering the internal rate of return IRR) and the
benefit-to-cost ratio (B/C Ratio)as well as the sensitivity to future risks, Scenario 3 (water
saving (WE) and water recycling (WR) measures are applied only for new service buildings
built after 2021 and WR for all old service buildings within 5 years) is the most economical

value.

The last sub-project is 1) to study policies, laws, other measures, as well as organizations

dealing with water use and water management in accordance with 3R principles in German

and Australia laws, 2)to assess the effectiveness and limitations of policies, laws, other

measures as well as organizations dealing with water use and water management in
accordance with the 3R principles of the Thai law in force in service sector establishments

groups, and 3)to develop proposals for policy, legislation and other measures to the

government through lesson learned from the model lessons Including offering technical and

investment advice. This study is a qualitative research. After legal literature review (Thai law,
Federal Republic of Germany, Commonwealth of Australia), semi-structured interview and
focus group discussions were conducted. This is to verify the accuracy of the interview
information. Later, the researchers held public hearings to gather opinions from the

representatives of private sector and government organizations and then, research results were
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discussed with the academic qualification expert. Finally, the round table discussion was held
with government officials. To obtain 15% of water saving by 3 R approach in the Eastern
Economic Corridor (EEC), this study proposes that standards for the quality control of

reclaimed water, lists of activities that can use reclaimed water, and standard of water

efficiency equipment need to be issued. Furthermore, the law to define the water conservation
promotion zone should be enacted. It should follow by declaring the Eastern Economic
Corridor (EEC) as a zone to promote water conservation. Consequently, owners of buildings,

constructed after the promulgation of law, in some business of service sectors are required to

install water-saving equipment, wastewater treatment systems and using reclaimed water as a
non-portable water. Moreover, the government needs to support with technical assistance,

financial supports, fiscal measures and environmental label such and as soft loan via the

establishment of a fund for water conservation, corporate income tax exemption (CIT), tax cut,
tax deduction (for the cost of waste water treatment plant installation). For owners of buildings,

constructed before the promulgation of law, water and wastewater prices are negative

incentives to persuade them to install water-saving equipment and wastewater treatment
systems as well as using reclaimed water. However, Thai government needs to assist and

support them with promotion measures as mentioned earlier.

Last but not least, this research project was driven by engaging all relevant stakeholders
to make the results accepted and put into practice by the relevant authorities until achieving

the expected outcome and impact. The stakeholder engagement was divided into 2 phases, the
beginning of the research study and after obtaining the results of the research study. For the
first phase, there were 2 activities. First, we interviewed with the federal agencies on policy

and law and had the meetings to clarify work plan with local stakeholders in Chonburi,

Rayong and Chachoengsao Provinces. With these attempts, all federal and local agencies
agreed in the principle and concept of the project. The meeting resolution of all relevant

sectors in the 3 provinces has no objection on the project.

After obtaining the results of the research study, we held Public Hearing Conference and
the Round Table meeting, which was attended by executives and legal experts from key

agencies, such as the Office of National Water Resources (ONWR), Wastewater Management
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Authority, Office of the Permanent Secretary, Ministry of Natural Resources and Environment,
Office of the Permanent Secretary, Ministry of Public Health, Office of the Permanent
Secretary, Ministry of Education, Office of the Board of Investment, Department of
Environmental Quality Promotion, Chonburi Provincial Office, Rayong Municipality, Saen

Suk Municipality, Bang Saray Subdistrict Municipality, Map Kha Sub-district Municipality,
Tourism Council of Thailand, Central Pattana Plc. And Siam Bayshore Hotel (Pattaya). The

meeting agreed in principle to the outcome of the project including proposed policies and

measures. The stakeholders recommend to propose our research findings to the Cabinet for

consideration and for implementing the proposed measures through the ONWR and the

National Water Resources Committee. It can be concluded that the project-driven work has

achieved the expected results.

Our recommendations for further implementation of the research outputs to achieve the

research outcome and impact are as follows. First, responsible agencies should propose our

technology, management and policy and legal recommendations for service sector together
with the recommendations of the industrial and urban sectors to the Secretary-General of the
ONWR to consider proposing to the Cabinet meeting through the National Water Resources

Committee. Second, legal researchers of the EEC Water Management Planning System

Development Program together with ONWR should incorporate our smart water management
system as well as other recommendation from the research to the Ministerial Regulations for

Water Conservation and Water Reuse under the Water Resources Act 2018, being drafted now.

Third, it is imperative to dissipate understanding and awareness among all sectors in the EEC

area that the drought crisis will occur faster than previously anticipated. This accurate

understanding may accelerate the implementation of water demand management along with

water supply management. Research results and best practices in water demand management

with 3R and IoT technology must be disseminating through various media along with

providing technical assistance from the project in the form of e-books, and website databases

to create social adaptation.



