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v" To ensure better connectivity, please mute
your microphone and turn off the camera.
- You may communicate with us after the event.
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Senior Assistant Director, Industry and Technology Collaboration
PUB, Singapore’s National Water Agency
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Han Loong is the Senior Assistant Director of the Industry and
Technology Collaboration Department (InTeC) of PUB, Singapore’s
National Water Agency. He focuses on enhancing relationships with key
Government and Global private water sectors, and promoting
Singapore’s brand as a Global Hydro Hub.
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Mr Rodney Chapin
Founder and CEO of Ardurra International

With US and Singapore based companies focused on technology
solutions, mergers and acquisitions, advisory and project development
In the water/waste/energy sectors. Ardurra specializes on bringing
creative solutions using innovative technologies or concepts to projects
In the water and waste sectors.

Current clients of Ardurra International include private water and waste

Philippines and Vietnam
sector investors, technology companies, local developers and

operations companies, the Asian Development Bank, local and regional

- g— governments.
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Water Project Opportunities in the
Industrial Sector in the Philippines and Vietham
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Presentation Outline

e Introduction of Ardurra International

 Comparison of the markets in the
Philippines and Vietham

* Philippines Opportunities
* By business type focus
* By technical/sector focus

* Vietnam Opportunities
* By business type focus

» By technical/sector focus [ —— 3
* Discussion and Questions The Approach is to Inform SWA Attendees of the
Opportunities based on Ardurra’s direct Experience and
Insight
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Ardurra International

* Ardurra International is a Services
Company focused on the Water /
Waste / Energy sectors

* We provide technology, advisory and
investment solutions to public and
private sector clients worldwide

* Companies/offices in the US and
Singapore with team members
worldwide

* Focus on Asia — with significant work in
Philippines and Vietnam
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Ardurra International Expertise

we have extensive technical expertise across many sectors — with a focus on efficient,
sustainable and cost-effective solutions in the following areas

smart water systems wastewater recycling sustainable treatment

desalination waste-to-value and industrial
zld and mid energy efficiency treatment




Ardurra International Project Experience

Georgia

* Water system evaluation (5 systems with total
capacity of 400,000 m3/day)

* Wastewater system evaluation (4 systems with
capacity of 50,000 m3/day)

* Wastewater treatment plant (75,000 m3/day)
Pre-FS and PPP procurement support

* Karachi wastewater recycling plant (800,000
m3/day) Pre-FS and PPP procurement support

Other Geographies

* Biomass-to-Energy project feasibility study and
DD (USA)

* Waste-to-energy gasification feasibility study
(Ghana)

* Water/wastewater system energy tool
development (ADB - Asia Regional)

* Emerging technologies identification / evaluation
for wastewater recycling for MNC (Worldwide)

Vietnam

Water system DD for industrial bulk water supply
Water supply DD for 4 water systems (total capacity
of 300,000 m3/day)

GHG reduction/fuel catalyst implementation
Wastewater recycling company M&A advisory
Rooftop Solar PV program implementation

Regional water demand study evaluating the
impacts of COVID-19

Water company operational and business review
Advisory for Water treatment facility operations
contract and bulk water supply agreement
Contract closeout audit/review for water treatment
system construction

Singapore

Advisory services for
water/wastewater technology
accelerator

Laos/Cambodia

Conceptual design for
Vientiane WWTP
Geotechnical and structural
evaluation for housing Project
in Phnom Penh

China

Wastewater system energy evaluation (3 plants with
total capacity 450,000 m3/day)

Water treatment system manufacturer product
development and implementation

Philippines

Provincial water/wastewater master plan
Groundwater treatment pilot study

Provincial solid waste master plan

Seawater desalination FS and project development
(100,000 m3/day)

Rice waste biomass gasification system
implementation

Industrial water system project development and
concept design

Municipal waste-to-energy pilot plant study
Surface water treatment and transmission system
concept design

Seawater desalination Pre-FS (20,000 and 30,000
m3/day)

Waste-to-Energy technology technical and business
case evaluation

Preliminary Design for 30,000 m3/day seawater
desalination facility

Smart System NRW reduction pilot project for private
water company



Georgia

Water system evaluation (5 systems with total
capacity of 400,000 m3/day)

Wastewater system evaluation (4 systems with o ‘)

capacity of 50,000 m3/day)

Wastewater treatment plant (75,000 m3/day)
Pre-FS and PPP procurement support

Karachi wastewater recycling plant (800,000
m3/day) Pre-FS and PPP procurement support

Other Geographies

Biomass-to-Energy project feasibility study and
DD (USA)

Waste-to-energy gasification feasibility study
(Ghana)

Water/wastewater system energy tool
development (ADB - Asia Regional)

Emerging technologies identification /
evaluation for wastewater recycling for MNC
(Worldwide)

Vietnam
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* Water system DD for industrial bulk water supply

* Water supply DD for 4 water systems (total capacity
of 300,000 m3/day)

* GHG reduction/fuel catalyst implementation

* Wastewater recycling company M&A advisory

* Rooftop Solar PV program implementation

* Regional water demand study evaluating the
impacts of COVID-19

* Water company operational and business review

* Advisory for Water treatment facility operations
contract and bulk water supply agreement

* Contract closeout audit/review for water
treatment system construction

Ardurra International Project Experience
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Singapore

Advisory services for
water/wastewater technology
accelerator

Laos/Cambodia

Conceptual design for
Vientiane WWTP
Geotechnical and structural
evaluation for housing Project
in Phnom Penh

China

Wastewater system energy evaluation (3 plants with
total capacity 450,000 m3/day)

Water treatment system manufacturer product
development and implementation

Philippines

Provincial water/wastewater master plan
Groundwater treatment pilot study

Provincial solid waste master plan

Seawater desalination FS and project development
(100,000 m3/day)

Rice waste biomass gasification system
implementation

Industrial water system project development and
concept design

Municipal waste-to-energy pilot plant study
Surface water treatment and transmission system
concept design

Seawater desalination Pre-FS (20,000 and 30,000
m3/day)

Waste-to-Energy technology technical and business
case evaluation

Preliminary Design for 30,000 m3/day seawater
desalination facility

Smart System NRW reduction pilot project for
private water company
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Rodney Chapin

e BS Agricultural Engineering & MS Environmental Engineering

» 25+ years experience in water/waste/energy (15 years NA and 10+
Years Asia/Pacific and Middle East)

* hands-on experience in North America, Asia, Australia, Africa and the
Middle East

 managed regional business in the US (central states) and regional
Asia business for a major consulting firm

e process expertise in water, wastewater, solid waste and bioresources
management systems

e extensive experience in creative program, finance and project
delivery solutions

* recently developed ADB’s Energy Management Tool for water and
wastewater systems (publication link)

* advisory board member for Imagine H,O Asia



https://www.adb.org/publications/screening-tool-energy-evaluation-projects-wss

The Philippines and
Vietham

Fast growing populations and
economies with significant
industrial water sector challenges
and opportunities!

But each opportunity is unique....
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The Philippines and Vietham -
Differences

*

Vietham Philippines

Political System Single Party Socialist Constitutional Democracy

Long Independence with
History Brief Colonial Period
(France)

Long Colonial Period (Spain
and US)

Non-Religious/ Eastern/ | Roman Catholic with Strong

Growth in 2020 12020

Lunar Calendar Western Influences
Wealth New Money i) LAlerE; h.EId o e
Families
Business Culture Entrepreneurial | Corporate Culture I
Vietnamese is primary English widely spoken and
Language . .
business language used as business language
>1,100,000 cases and
<
COVID Response >/000 cases and GDP Significant GDP contraction ‘

14
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Comparative GDP Growth

Vietnam 2020 GDP Growth:

100 2.91% (Highest in Asia)

Philippines 2020 GDP
/ Growth: -10.7%
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®
Source: Asia and Pacific Regional Economic Outlook (APDREQ) (04/09/2021) GD

Retrieved: 5/15/2021 7:27 AM from https://data.imf.org:443



GDP by Sector and Exports
(2019)

Vietham

* Predominantly Industry (50.4%)
e 2019 Exports > S300 M US

Philippines
* Predominantly Service (61%)
e 2019 Exports < $100 M US
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Philippines — Business Opportunities

* Consulting/Advisory
* Investment
* Planning
* Design

 EPC/Construction

* Technical/Equipment Solutions

 Groundwater — Iron, Manganese, Arsenic (Volcanic
Activity)

e Desalination
 NRW
e \Wastewater Nutrient Removal

* |[nvestment

* Only as partner to local investor

ARSENIC

PNSDW Limit 0.01mg/L

-~
TAW 1 o

More than 85,000 manufacturing industries
in the Philippines —52% in Metro Manila




Private Water Sector Investors in the Philippines

Metro Pacific Villar Group Aboitiz Group Ayala San Miguel Corp
Metro Pacific Water Maynilad PrimeWater Aboitiz InfraCapital Manila Water BulacansBuill
/—\ /—\
PhilHydro MWPV
e, = nes Iy-Jest
LARGER
SMALLER
Z AN A 7 B\
MacroAsia P. A. Properties Seawood Resources Filinvest Water Unique Water
Chemical Research Corp P RN
\/ /\ St. Joseph Water Mizu Resources Flowater
Mactan Rock " " ...and many more
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Philippines — Industrial (Private)
Water Sector Technical
Opportunities

e Water Supply
* Identification and development of supply

* Water Treatment
* Desalination
e Conventional surface water
* Iron, Manganese, Arsenic
* Point-of-Entry Treatment

Industrial water tariffs vary significantly
based on location:

* Low S$0.055/m3 (2 PhP/m3)

* High S$2.40/m?3 (86.6 Php/m3) [Metro
Manila]

Irrigation
79.361%

® Municipal m Industrial m Irrigation w Fisheries m Recreation m Livestock » Other4

Consumptive water use in the Philippines (NWRB/Migo 2018)

0.38%

® Municipal ® Industrial ® Irrigation » Fisheries

Non-consumptive water use in the Philippines (NWRB/Migo 2018)

Qo



Desalination — Water Water Everywhere - but Not a Drop

for Water Supply

* Most of the urban population centers in the
Philippines are facing water supply stress,
which not only effects municipal supply, but
greatly effects the industrial sector, the
power sector, the tourism sector, etc.

* Increasingly, these businesses are turning to
seawater and brackish supplies for water

* As are the water districts for bulk supply

e Expertise is needed in this sector
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Industrial Water Source Development and Treatment - Case Study

Due to low prioritization of industrial water supply (6t in
Government Priority), water sources for industrial use
are scarce and often require unique treatment solutions.

This project utilized a spring supply that was
contaminated by many discharges and uses.




Philippines — Industrial (Private)
Water Sector Technical
Opportunities

e Water Supply

* |dentification and development of supply

* Water Treatment
e Desalination
e Conventional surface water
* |ron, Manganese, Arsenic

* Point-of-Entry treatment

e Water Distribution

* Non-revenue water management
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NRW Case Study - Mixed-Use Private Estate Water System Performing
Al-learning NRW Reduction Pilot
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Philippines — Industrial (Private)
Water Sector Technical
Opportunities
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Water Supply

* |dentification and development of supply
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Water Treatment
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* Desalination
e Conventional surface water
* |ron, Manganese, Arsenic

* Point-of-Entry Treatment

Water Distribution

* Non-revenue water management

Wastewater Treatment
e Agricultural
* Food/beverage
* High tech
* Focus on Nitrogen and Phosphorus Removal

* Monitoring of influent in Industrial Parks (and for 7 ; E
concessions) —— — — —— —— -
Industrial discharge on Mactan Island, Cebu

Industrial wastewater accounts for 30% of pollutant
loads in the Philippines




Philippines
DAO
2016-08

Comparison of old
and new regulations
for Bodies of Water
classified as Class C —
Class A/B are even
more stringent

for recreational, fishery, and agricultural
purposes

Significant Effluent

Effluent Standards for Class C

unit DAO 1990-35 DAO 2016-08
Parameters _ _
(old regulation)| (new regulation)

BOD mg/L 50 50

COD mg/L 100 100

TSS mg/L 70 70

Oil and Grease mg/L 5 5

Color TCU 150 150

Total Coliform MPN/100ml 10,000 10,000

Fecal Coliform

MPN/100ml

Significant opportunities for

nitrogen and phosphorus

removal technologies that can

be “add on” systems for
existing WWTPs

Ammonia as NH3-N

mg/L

Nitrate as NO3-N

mg/L

Phosphate

mg/L

Surfactants (MBAS)

mg/L




Doing Business in the Philippines

 Many Options for Doing Business:

e As a foreign company (consulting or import)

* |If importing you will need local distributor or resident agent

Representative office (marketing only)

Branch — with local business license

Local company - and can joint venture with local partners

Consortium with local partner for single project

* Negative List — Be aware of what CANNOT be done by a
foreign entity or can only be done with limited foreign
ownership.

* Public utility limit in the Philippines —49% Foreign

 PPP — key legal frameworks
* NEDA JV Guidelines
* BOT Law
* Government Procurement Act

* Corporate Governance - Be aware and pass down corporate
policies to your local partners.

t‘H [
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Vietnam — A Perfect Storm for the Manufacturing Sector

Increasing

Environmental Effective Gov't

Regulations and China Wage COVID US China

Increases Trade War
Enforcement Management

wr

Trade Agreements Dependence and Anti-Corruption
(EU, UK, TPP) Focus on FDI Policies

Green Policies of
MNCs

0000000000000

Unprecedented Opportunities in the Industrial Water Sector

Qo



Vietham — Business
Opportunities

* Investment
* Water/WW Project (50 Year BOO)
e Combined Sector (Water + )

* Technical/Equipment Solutions
* Industrial wastewater
* Recycling
e Water supply — particularly desalination
e Testing and Monitoring

e Consulting/Advisory
* Investment
* Planning

» Less design opportunity (design typically done by
solution provider)

DEVELOPMENT AND PLANNING OF INDUSTRIAL PARKS TO 2010 IN VIETNAM

DATE: 7/2005

More than 200 Existing Industrial Zones in Vietnam — with
Plans to Expand to more than 300

KCN Dong Pho Mo (190ha)

KCN Long Bink An (200ha)

KCN phia Nam Yén B (100ha)

KCN Thuy Van (305ha)
KCH Trumg Ha (127ha)
KCK Phe Minh (100ha)

KCH phia Bong Nam (§4ha)

| KCN Bac Phy Cat (327ha)

KCN Binh Vang (1005a)

KCN S6ag Céng 1 (69 ha)
KCN Song Céng i {250ha)
KCN Luoag Son (150ha)

KCN Thanh Binh (T0ha)

A KCH Pis Cat MR (S44ha)

1
. IKCN Luung San (63ha) &= e
¢ - ¢
* |KCN Phé Néi B (95ha) R 80 4
« {KCN Phé Néi A (390ha) o i
* |KCK Pho Nei B MR (1558a)
KCN TX. hung Yén (66ha)

KCN Ddng Van (110h3)
KCN Déng Via MR (138ha)
KCN Chau Som (250%a)

KCX Tan Thugn (300ha)
KCX Linh Trung 1 (60ha)
KCX Linh Trang 2 (62ha)
KCN Bish Chiéu (27ha)
KCN Tan T3o {444ha)

KCN Higp Phusic (332ba)
KCN Tan Binh (186ha)

KCN Taa Thol Higp (2150a)
KCN L2 Minh Xuwan (100ha)
KCN Tay Bac Cu Chi (220ha)
KCN Cat Lai I (117ha)

KCN Cat Lai IV (112ha)

KCN Phong Pt (148ha)
KCN Vinh Loc (202ba)

KCN Taa Phe Trumg (443ha)
KCN Vinh Loc MR (S$ha)
KCN Higp Phuoc (§38ha)
KCNKT Thi B (300h9)

© | KCN LE Mén (83ha)
* |KCK LE Man MR (250a)
Y

T |
KCN Bac Vinh (60na)

KCN Nam Cim (790a)
KCN liam Carn (104Ba)
KCN Cifa Lo (59ha)

©© < JKCN Hon La GO2 (20383}

KCN Viing ang | (116ha)
*| KCN Gla Lach (1990a)
-| KCN Mg Vang (100ha)

B

L
3 :.%, g

© . . JKCN Tay Bac Déng et (66ha)

KCN Hon La GD1 (98ha)

KCN Bac Dong Hoi (1500a)

KCN Song Than | (180ha)
KCN Song Than It (219ha) 2
KCN Déng An (132ha)
KCN Binh Dudng (17ha)

KCH Phu B2i (155 ha)
KCN Phu Bai MR (126ha)
KCN Phong The (100 ha)
KON Tu Ha (199 ba)

KCN Tan Dong Hiép A (47ha)
KCN Tan Dong Hiép B (164ha)
KCN Viét Hudag (46ha)

KCN Diga Nam- Di¢a Ngoc (390ha)
KCN Thoda Yeén (230ha)

KCN Viét - Sing (S00ha)
KCN My Phuoc (377ha)
KCN My Phioc Il (472ha)
KCN Mai Treng (52h2)

KCN dét may Binh An (26ha)
KCN Viét Huoag i (110ha)
KCN Binh Hoa (20083)

KCN Tan Dinh (47ha)

KCN Nam Tan Uyén (2650)
KCN Rach Bép (278ha)
KCN Thot Hoa (197ba)

Y

f KCN Tring Bang GO 181197ha)
’ KCN Linh Trung lll (284ha)

{ KON Teang Bang MR (1630a)
| KCN Trams Vang (3750a)

KCH e Hoa | GD1 (70ha)

KCN Thuda Dao- Bin Lue (114ha)
KCN Tan Duc GD1 {273na)

KCN Vink Loc il (226ha)

KCN Xuyén a (306ha)

KCN Tén Kim (117ha)

KCN Tan Duc MR (2980a)

KCN D Hoa t MR (2520a)

KCM Thuaa D3o- Bén Luc (300h2)
KCN Tan Kim MR {7002a)

KCN Do Hoa it (967ha)

KCN Caw Tram (78ha)

KCN Thanh Dux (330ha)

KCN My Yén- Tan Bus-Long Higp (411ka)

KCN Sa Bec (Toha)
KCN Sa Bec MR (61ha) ’

KCN Tras Quéc Todn (160ha) 7
KCN Song Hau (608a) o A
KCH Thach Loc (1000a) el
ijlay‘“

KCN Tra Noc | (135ha)
KCN Tra Noc i (165ha)
KCN Hung Phi 1 (35083)
KCN Humg Phe 11 {22682}

KCN Khaah An GD1 (100ha)

KCH Sao Mai (79ha)
KCH Hoa Blah (100ha)

" o, —’-q
DY
o (FP7Ha1Phong

KCN Sao Mal MR (71ha)

KCN Quang Minh GO1 (344,4ha)
KCN Kim Hoa ($9ha)

KCN Goang Mink MR (362%a)
KCN Bind Xuyén (250ha)

KCN Khai Quang (275h3)

KCN Chaa Humg (§0ha)

KCN D3ng Bah (2670a)

KCN Béng

S0 0 [KCN Nam Sach (64ha)

KCN Dai An (171ha)

KCN Phe Thal (72ha)
KCN Pha Lgi (10833

| KCN Cai Lan (78ha)
KCN Hoanb Bo (200ha)

KCN Hat Yén (2200a)

KCN Phic Dién (§7ha)
KCN Tan Triing (200%a)
KCN Phia tay TP. HOuong

KCN Dinh Tram ($5ha)
KCN Song Khe- ot Hoang (150ha)
KCN Quang Chiau (200h3)

Mai (197ha)

KCN Sal Dong B (73ma )

KCN Noi B3i (100na)

KCN Béc Thang Long (198ha)

KCN DA Tu- Hé ndi (40ha)

KCN DaeWoo- Hanel (137ha)

KCN Nam Thang Long (GEY) (30ha)
KCN Déng Anh (300ha)

KCN Soc Son (300ha)

KCN Tién Scn {349ha)

KCN Qué V6 (312ha)

KCN Dai Dong- Hoang Scin (278ha)
KCN Yéa Phong (300ha)

KCM Qué V& 1l {208%a}
KCN Thugn Thanh (184ha)
KCH Nam Son -Hap Linh (300ha)

//bandatmyphuoc4.org

KCN Nomara (153ha)

KCN Dinh Vi (164ha)

KCX Hal Phong 96 (15083)
KCN Oinh VG MR (200%a)

KCN Minh Durc (1590

KCN D6 Nong - Cha ho (1500a)
KCN Nam Caw Kién (100ha)
KCN Trang Due (158ha)

KCN Phic Khanh (120ha)
KCN Nguyda Duc Canh (12003}
KCN An Hoa (400ha)

KCN Hea Xa (327ha)

KCN Bao Minh (178ha}
KCN My Trung (158ha)
KCN Thansh An (170ka)

KCN Hoa Xa MR (198ha)

KCN Nam Dong Ha (998a)
KCN Buioag 9 (205ha)

I KCN Lién Chiu (374na)

| KCN Hoa Khanh (572ha)

| KCX Da Nng (S0ha)
KCN Hoa Cam (1378a)
KCN Hea Cam 2 (15003}
KCN Hea Nish (200ha)

KCN Tan Khai (58ha)
KCN Tan Thanh {150ha)

KCN Chan Thash (115ha)
KCHK ChonThash MR 1500a)

KCN Nars Dong Pha (2050a)

i
KCN M Tho (T9ha)
KCN Tan Huong GD1(175%a)
KCN Tan Huong MR (59.3ha)

KCN
KCN

s
KCN Hoa Phe (121ha)
KCN Binh Minh (162ha)
KCN Long Buc (121ha)

2\ KCN An Nghitp (257ha)

KCN An Hidp (72ha)

Khu kiah té Chu Lai (27040h3) |

Khu kiah té Dung Qudt (10300ha) |

KCN Tinh Phong (142ba)
KCN Quang Pha (1008a)
KCN Phé Phong (138ha)

KCN Phu Tai (325%a)

KCN Long My GD1 (100ha)
KCN Long My MR {100ha)
KCN Nhon Héa (720ha)

/] KCH Nhon Hol (109ha)

| Kba Kink té Nhom Hoi (12000ha) |

KCN Hoa Hiép (102ha)
KCN Hoa Hiép MR (1008a)
1 KCN Dong Bac Séng Cau (105ha)
KCN An Pl (97ha)
KCN Hoa Tam (150ha)

KCN Susi Dau (78ha)
KCN Niah Thay (206ha)
KON Narn Cam Rank {20003)
KCN Bac Cam Raoh (156ha)
KON Van Ninb (150h3)

| KCN Phan Thiét (124ha)
| KCN Ham Kiém (3$3ha)
KCH Ham Tan (80 ha)

KCH M Xudn A (27903)

KCH Loc San (92ha)
KCHK Phe Hoi (174ha)

KCN AMATA (361ha)

KCN Nhow Trach | (430ha)
KCN Nhow Trach 8 (3508a)
KCN Nhow Trach Wl (368n3)
KCN G¢ Dau (154ha)

KCN LOTECO (100ha)

KCN Bitn Hoa Il (365ha)
KCN Bién Hod 1{335ha)
KCN Song My (227ha)
KCN Hé Nai (230ha)

KCN Tam Phuoc (323ha)
Dét may- Nhoa Trach (184ha)

KCHN M§ Xuan A2 (17ha) KCN An Phuoc (130ha)
KCN Dong Xuyén (161ha) KCN Long Thanh (510ha)
KCN M§ Xuan B1 (226ha) KCN Nhow Trach V (302h3)
KCN Phi 8 1{1004,5ha) KCN Djnh Quan (S4ba)

KCN Cal Mép (670h3)

KCN Phe 8§ 11 (572 ba)
KCN M§ Xudn A2 MR (38ha)
KCN Phusc Thang (146ba)

KCN Nhow Trach VI (320h3)
KCN Tan Phy (600a)

KCN Thanh Phy {156ha)
KCN Xean Loc (100ha)

Tran Dé (175ha)
Dai Ngii (1208a)

KCH Khasb An MR (260ha) [Kcn Tra Kba (123ha) ] KCN Song Haw

{15003)

KCN Bibu Xeo (492ha)
KCN Ong Keo (300ha)

KCN Loag Dux: (4508a)

KCN Loc An-Binh San (S80ha)

P

trial Parks

B In Operational Industrial Parks

W Under Construction Industrial Parks
W In Planning Industrial Parks to 2010

. Economic Zones

KCH. Provinces in Economic Zone

KCN, Other Provinces



Vietham - Investment Opportunities

In the Industrial Sector, there
are opportunities to Invest in:

* Bulk Water Supply
* Wastewater Treatment (IP Level)
e Recycling (IP Level)

50-year BOO is Common




Vietham — Investment

In the Industrial Sector, there
are opportunities to invest in:

e Bulk Water Supply

* Wastewater Treatment (
Level)

e Recycling (IP Level)

[

-

Opportunities (Tariffs)

WATER SUPPLY = $$0.60/m3

WASTEWATER TREATMENT = S$0.65 to $$1.50/m3

WASTEWATER RECYCLING = S$0.55/m3

WASTEWATER TREATMENT + RECYCLING =
$$1.20 to S$2.05/m3

e



ViEtnam — IndUStriaI Water Salinity Levels in Ben Tre Province
SeCto r Tec h n ica I :Jvﬁla;c? clfpl:ug-cljuie TINH DEN NAM 2020 BINH HUGNG DEN NAM 2030 T ﬁ%
Opportunities

~

BAN PO PINH HUGNG QUY HOACH HE THéNw(MimCAP NUGC PEN NAM 2020 1Y E—

TiNH TIEN GIANG

NHA MAY NUGC
SON DONG - BEN TRE

B1.Cai Lay

PI.Go Céng

TRAM BOM NUGC THO | | NHA MAY NUGC

NHA MAY NUGC

PI.Cai B <
TAN PHU AN HIEP - CHAU THANH| ) .
Q =10.000M3/NGD :lm l;:lv NUGC
® W t S I Q=15.000M3/NGD|
ater ou
"®

* Mitigation of salinity intrusion
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* Water supply development

e Water quality monitoring O o
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Water Quality Monitoring — Raw Water and Wastewater

Influent/Effluent

* Food industry (and municipal) sector

focused on agricultural pollutants

* Regulatory requirement for

monitoring of reservoirs for any use

(power sector, etc.)

* Regulatory requirement for
continuous monitoring of
wastewater effluent — even for
relatively small systems

* Increasing focus on industrial
wastewater dischargers to
centralized WWTPs

THE GOVERNMENT

No. 40/2019/ND-CP

THE SOCIALIST REPUBLIC OF VIETNAM
Independence - Freedom - Happiness

Hanoi, May 13, 2019

Pursuant to the Law ¢

Pursuant to the Law (¢

DECREE
ON AMENDMENTS TO DECREES ON GUIDELINES FOR THE LAW ON
ENVIRONMENT PROTECTION
MINISTRY OF NATURAL THE SOCIALIST REPUBLIC OF VIETNAM
RESOURCES AND Independence - Freedom - Happiness
ENVIRONMENT

No. 47/2017/TT-BTNMT Hanoi, November 07, 2017

CIRCULAR

Sy —a

y )
| ﬂ’ ' mk\

SO TAINGUYN |

TRUNG TAM QuAN 1

ON SUPERVISION OF EXTRACTION AND USE OF WATER RESOURCES
Pursuant to the Law on Water Resources No. 17/2012/QH13;

Pursuant to the Government’s Decree No. 201/2013/ND-CP dated November 27, 2013

"y

/ A

TRAM QUAN

(PIEM CAPNUGC THO SONG LAM)

elaborating some articles of the Law on Natural Resources;

TRAG NUO TU BoN




Vietnam — Industrial Water
Sector Technical »

ortunities Ty (N L
PP Val Y/ [ LNV

e Water Supply

* Mitigation of salinity intrusion
* Water supply development

* Water quality monitoring

* Water Treatment
* Desalination

* Conventional surface water

* Wastewater Treatment
e Textile
* Food/beverage
* High tech (Samsung and planned facilities)
e Aquaculture

* Influent quality monitoring




Wastewater Effluent
Standards (2011 vs
Proposed 2021)

CONG HOA XA HOI CHU NGHIA VIET NAM

QCVN 40:2021/BTNMT
(DY THAO 201207)

QUY CHUAN KY THUAT QUOC GIA
VE NU'O'C THAI CONG NGHIEP

National Technical Regulation on Industrial Wastewater

HA NOI - 2021

QCVN 40:2011/BTNMT QCVN Variance QCVN 40:2011/BTNMT QCVN Variance
Parameter Column B (NT6 WWTP 40:2021/BTNMT  (Column B 2011 Column A 40:2021/BTNMT (Column A 2011
Discharge Permit) Column B vs 2021) Column A vs 2021)
Temperature deg C 40 40 0 40 40 0
Color Pt-Co 121.5 100 -21.5 50 50 0
nH - 55.9 60 0 £—9 £—9 0
BOD; (20°C) mg/| 40.5 30 -10.5 30 25 -5
CoD mg/I 121.5 70 -51.5 75 40 -35
Total suspended solid (TSS) mg/| 81 60 -21 50 30 -20
(ATSETIT e/t 0708t Ot 07015 0705 0705 0
Mercury mg/l 0.008 0.005 -0.003 0.005 0.001 -0.004
Lead mg/| 0.405 0.5 0.095 0.1 0.1 0
Cadmium mg/| 0.081 0.1 0.019 0.05 0.02 -0.03
Chromium (VI) mg/| 0.081 0.1 0.019 0.05 0.05 0
Chromium (111) mg/| 0.81 1 0.19 0.2 0.2 0
Copper mg/I 1.62 2 0.38 2 1 -1
Zinc mg/I 2.43 3 0.57 3 1 -2
Nickel mg/I 0.405 0.5 0.095 0.2 0.1 -0.1
Manganese mg/I 0.81 1 0.19 0.5 0.5 0
Iron mg/I 4.05 5 0.95 1 1 0
Total cyanide mg/| 0.081 0.1 0.019 0.07 0.07 0
Total phenol mg/| 0.405 0.5 0.095 0.1 1 0.9
Total mineral grease and oil mg/| 8.1 5 -3.1 5 1 -4
Sulphur mg/I 0.405 0.5 0.095 0.2 0.2 0
Fluoride mg/I 8.1 10 1.9 5 3 -2
Ammonium (by N) mg/| 8.1 10 1.9 5 5 0
Total nitrogen mg/I 32.4 30 -2.4 20 20 0
Total phosphorus (by P) mg/l 4.86 5 0.14 4 4 0
Chloride mg/| 810 1000 190 500 500 0
Residual chlorine mg/| 1.62 2 0.38 1 1 0
Total PCB mg/| 0.008 0.003 -0.005 0.003 0.003 0
Coliform MPN/100ml 5000 3000 -2000 3000 100 -2900
Total radioactive a Bg/I 0.1 0.1 0 0.1 0.1 0
Total radioactive B Bg/I 1 1 0 1 1 0




Specific Industrial
Wastewater
Challenges -
Examples

Many focused on
ZLD/MLD and others
focused on specific
pollutants or categories
of pollutants

......and waste-to-value
opportunities

DONG THAI BO CUA HE THONG TSRO
WASTE STREAM OF THE TSRO SYSTEM \/
k J 1900m3/Ngay @ 6000 ppm
N/
o NUOCSACH/PURE WATER BE CHU'A NUG'C SACH HE TSRO
Criteria 117 711001,:3/}'{1%{@@ 1331%? PURE WATER TANK OF TSRO
Inlet water Product water Inlet water Product water
pH 7.1 7.1 7.6 7.1
EC(us/cm) 800 7 1000 400
TOC(ppb) 4900 100 2300 400
Silica (ppb) 8400 100 44000 12000
Flow (m3/h) 90 45 90 60 NUGC SACH CHUNG CAT
CONDENSATE
Number of 178 m3/Ngav @ 250ppm
vessel 178m3/day @ 250ppm
Number of
membranes
per vessel
Number of
arrays
NUGC SACH CHUNG CAT wr w0
CONDENSATE BE CHU'A PAU VAo_HE_md)
8 - 10 m3/Ngay @ 250ppm INLET TANK OF TSRO SYSTEM |-
8 - 10 m3/day @ 250ppm
Flow: 4
Desired concentration
pH -
Clorua (CI") mg/I 6.000 — 12.000 < 600
SO4* mg/I Around 20.000 -
TSS mg/l < 1.000 -
Other ingredients:
Smooth leather in water - - - 3




Vietnam — Industrial Water
Sector Technical
Opportunities

e Water Supply
e Mitigation of salinity intrusion
e Water supply development
* Water quality monitoring

* Water Treatment
* Desalination

e Conventional surface water

* Wastewater Treatment
e Textile
* Food/beverage
e High tech (Samsung and planned facilities)
* Aquaculture

e Influent quality monitoring G o L e .
PR P e o Rt T IR IR ST E R BNt b .
* Recycling & o = i -

* At factory level
e At Industrial Park level

AN A e S S T o T VI e

g £ Tas

T




Recycling Case Study — Textile IP Increased Recovery

Problem: High demand for recycled water due to
sustainability policies of off-takers (factories) and due to
increasing regulatory pressure for brine discharge.

Solution: Piloting of Osmotically Assisted RO (FTS H,0) in
collaboration with Imagine H20 Asia for industrial park
recycling facility in Central Vietnam (see more at SIWW).

Funded by:

IMAGINE ¢ H,O /RN




Doing Business in Vietham

* Many Options for Doing Business:

* As a foreign company (consulting or import)

. . . . . |
* If importing you will need local distributor 1=

d

* Representative office (marketing only) '
* Branch

* Local company (JSC most typical) and can joint venture with local partners

AR

Many tax advantages offered by the government in the water sector.
Depends on what and how you are doing business. Can include:

* Long deferments or tax breaks on corporate taxes

* Elimination of import taxes and duties

Vietnam is a Socialist State. Be aware of labor laws as the laws favour
the employee and can be problematic if not set up correctly.

Corporate Governance - Be aware and pass down corporate policies to
your local partners.

The Government of Vietnam has taken a strong stance on corruption in
recent years




Summary

* Opportunities abound in both the
Philippines and Vietnam in the
Industrial/Private Sectors

* However, the business opportunities
and the technical/sector
opportunities differ between the
two countries

* In both countries — relationships
matter and local understanding is
Imperative
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strategic thinking e creative solutions

Thank you

Questions and Discussion

www.ardurrainternational.com

rchapin@ardurrainternational.com

D


http://www.ardurrainternational.com/
mailto:info@ardurrainternational.com
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Water Management & Strategies of the Metropolitan Waterworks Authority (MWA)
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Philippines and Vietnam

Singapore Water Association
T. (65) 65150812
E: enquiry@swa.org.sq
WWW.SWa.0rg.sg
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SINGAPORE WATER ASSOCIATION rn


http://www.swa.org.sg/

