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Housekeeping

✓ To ensure a smooth session, please mute your

microphone and turn off the camera. You may

communicate with us after the event.

✓ Please share your questions in the chat where we

will try to provide answers where possible in the

Q & A Segment.

✓ Do identify yourself so we can respond to any

unanswered questions.

✓ We will be recording this session and reserve the

rights to the video.

✓ Please complete a post event survey which upon

return, we will forward the recording and

presentation deck to the respondents.
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accurate as of publication date.

❖ SWA and Pioneer Environmental

Technology Pte Ltd reserve all rights in

the provided materials.
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(1) Singapore industry is fast growing, especially the 

pharmaceutical industrial after the COVID-19;

(2) 8 of the top 10 pharmaceutical companies have 

facilities in Singapore, manufacturing 4 of the top 

10 drugs by global revenue [EDB website];

(3)Worldwide big players: GSK, MSD, Novartis, Pfizer, 

Roche, Amgen, Sanofi, Shire, etc. 

Introduction 



Introduction 

Pharmaceutical 

industry plays 

more and more 

important roles in 

Singapore 



(1)Pharmaceutical industry is generating more and more hazardous wastes, 

particular from production of active pharmaceutical ingredients (APIs);

(2) Among the hazardous wastes, the most difficult-to-treat is wastewater with  “ 4 

highs”, (High COD, High Salts, High Volatile and High Toxic  Organics)

(3) Conventionally, these wastewater is incinerated. However, due to the low heat 

value, the incineration cost is very high as additional fuel is needed for the 

incineration process. And also, the high salts content could lead to the choking 

for the incinerator and increase the maintenance cost. 

(4)Current treatment price for these wastewater is above S$300/ton in Singapore 

market. 

(5) While biological treatment is very attractive due to its low cost, however, the 

toxic ingredients and high salts content make it difficult for bacteria to survive. 

Introduction 



Examples for toxic chemicals - active pharmaceutical ingredients 

(APIs)

Introduction 



➢ Clean Production and Waste Minimization from Sources – Novel       Synthesis 

Methods, Onsite Wastewater Management & Treatment, Recycling.

➢ Wastewater Pretreatment – Bar Screening, Oil & Grease Removal, 

Stripping, Evaporation, P/C Treatment, AOP, etc. 

➢ Wastewater Biological Treatment – Anaerobic & Aerobic (UASB, MBBR,     

MBR)

➢ Wastewater Post-Treatment, Polishing and Recycling –

AOP, Adsorption, Ion-exchange, UF & RO

High COD, High Salts, High Volatile and 

High Toxic  Organics  --- “4 Highs”

?

Conventional Wastewater Treatment Process

Introduction 



Stripping Column + MVR

High COD, High Salts, High Volatile and 

High Toxic  Organics  --- “4 Highs”
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Why Stripping ?

➢ Use less steam to strip volatile organic compounds (VOCs) 

out

➢ The concentrated organic compounds can be reused or 

incinerated. 

Why MVR? 

➢ Mechanical Vapor Recompression (MVR) is a proven 

energy-saving evaporative concentration technology to 

treat industrial wastewater, which reuses secondary steam 

instead of live primary steam so the energy is recovered. 

Stripping Column + MVR

Integrated Technology for Pharmaceutical Wastewater 

Treatment



➢ In principle, there are only two types of COD: volatile and 

non-volatile;

➢ The volatile organics can be removed by stripping column;

➢ The non-volatile organics can be separated by evaporation 

or MVR process;

➢ Most of the organics can be removed by the combination 

of stripping and evaporation processes; 

➢ The purified water is then treated by P/C treatment or 

biological process to meet discharge limits. 

“4 Hights”
Solution Developed

Integrated Technology for Pharmaceutical Wastewater 

Treatment



Integrated Technology for Pharmaceutical Wastewater 

Treatment

Patented in China (Invention) 



Any “4 Highs” wastewater 
can be treated. 

Integrated Technology for Treatment of Wastewater with “4 Highs”

(High COD, High Salts, High Volatile and High Toxic  Organics)

Patented in China (Invention) 



Stripping Column for VOC Removal

Stripping Column Stripping Column

Integrated Technology for Pharmaceutical Wastewater 

Treatment



Stripping Column - Principle

Stripping Process

➢ In a stripping process, steam is injected at the bottom of a

column to provide heat and vapour, and the wastewater is fed at

the top of the column.

➢ The combined effects of the steam and heat, or temperature

cause organic material to transfer from the liquid to the vapour

phase. The vapour phase becomes more enriched as it travels

up the column. The vapour leaves the top heavily laden with

organics and is condensed and collected.

➢ While wastewater stream is heated and put in intimate contact

with steam, traveling down in a column, the wastewater

becomes leaner in the organic material and cleaner at the

bottom of the column.

Wastewater 

with VOCs

Stripped wastewater

Steam

Vapor

Integrated Technology for Pharmaceutical Wastewater 

Treatment



High VOC Removal Efficiency

Integrated Technology for Pharmaceutical Wastewater 

Treatment



MVR – Mechanical Vapor Re-compression

➢ The vapor is re-compressed and 

the temperature is increased; 

➢ The same vapor is re-used to 

evaporate the raw water and is 

condensed into liquid. 

➢ Hence, the energy is saved. 

➢ For large plant, the energy 

consumption is about 10 kwh for 

evaporation of one m3 water.

➢ For small plant, the energy 

consumption is about 50 kwh for 

evaporation of one m3 water. 

Integrated Technology for Pharmaceutical Wastewater 
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3D Model 
MVR System
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Integrated Stripping Column-MVR Process Flow
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Integration of stripping column and MVR

Total Investment:
S$ 2 m

1st in China
Patent Obtained

Operation Time > 5 Years
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Integration of stripping column and MVR
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Integration of stripping column and MVR - PLC
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Integration of stripping column and MVR - PLC
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WW – after SC – After MVR

Integration of stripping column and MVR 
COD reduced from 50,000 ppm-30,000 ppm to 1,000 - 5,000 ppm

Integrated Technology for Pharmaceutical Wastewater 

Treatment



Similar Results were obtained from other pharmaceutical 
wastewater treatment. Hence, this method is non-selective. 
unlike other selective treatment methods, such as AOP.

Integrated Technology for Pharmaceutical Wastewater 

Treatment



With the effective pre-treatment, we have

paved the way to treat the pharmaceutical

wastewater with biological method.

Integrated Technology for Pharmaceutical Wastewater 
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Bird View of the Whole Biological Treatment Plant
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Side View of the Plant 
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Wastewater Collection Tank & Micro-electrolysis Tank  
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Aerobic and Anaerobic Tank
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Aerobic Tank (MBBR)
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Aerobic Tank (MBR)
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Piping Work 
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Chemical Dosing System 
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Air Blower and Filter Press

Integrated Technology for Pharmaceutical Wastewater 
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Control and On-line Monitoring 

System

Integrated Technology for Pharmaceutical Wastewater 
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Integrated Technology for Pharmaceutical 
Wastewater Treatment

Stripping Column + MVR + Microelectrolysis + 
Anaerobic Process + MBBR + PTFE MBR 



Influent Parameters

Influent :

Volume： 300 m3/d

COD: > 50,000 ppm  

NH3-N: > 200 ppm  

TN: > 400 ppm  

TDS: > 20,000 ppm

With chemical intermediates, 

solvents, salts and other toxic 

chemicals  

Integrated Technology for Pharmaceutical Wastewater 

Treatment



Effluent Parameters

Effluent ：

COD： < 100 ppm  

NH3-N: < 25 ppm

TN: < 40 ppm

TDS: < 1,000 ppm

Integrated Technology for Pharmaceutical Wastewater 

Treatment



Integrated Technology for 
pharmaceutical  

Wastewater Treatment
References in China: 
3 Plants (Completed)

> 20 Projects (in Discussions)

Integrated Technology for Pharmaceutical Wastewater 

Treatment
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Zero Liquid Discharge

While the technology was developed in

China, we have started to apply it in the local

market.



MVR with Largest 
Capacity in Singapore

Zero Liquid Discharge
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Zero Liquid Discharge

25 Ton/Hr MEE (China)



Zero Liquid Discharge

15 Ton/Hr MEE (China)



Zero Liquid Discharge

62.5 Ton/Hr MVR 
(China)



Zero Liquid Discharge

83.3 Ton/Hr MVR
(China)



Zero Liquid Discharge

Na2SO4 Salt Recovered



Zero Liquid Discharge Na2SO4 Salt Recovered
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PRE-TREATMENT OF WW
EVAPORATION/ SC/PC 

CRYSTALLISATION SYSTEM 

300 TON/DAY CAPACITY

INCINERATION 
SYSTEM

100 TON/DAY CAPACITY

BIOLOGICAL

TREATMENT 

SYSTEM
1,000 TON/DAY CAPACITY

COD: 50,000-100,000 ppm         
High Salt,  High VOC, Heavy Metal 
Waste Water 
(300 ton/day)

Hazardous High Organic 
Content Waste Water 

(80 ton/day)

Incinerator Waste Water 
after PC Treatment 

~100ton/day

Evaporator Residue 
15~30 ton/day

Evaporator
Waste Water
~200 ton/day

Recovered Salt
15~30 ton/day

Evaporator 
Solid Residue 
15~30 ton/day

LANDFILL/ 
CEMENTATION

Domestic/ Cleaning
Waste Water/ Low 

COD Water 
(700 ton/day)

Meet Requirement for
Waste Water Discharge 

Meet requirement for
Air Emission Discharge

Integrated Hazardous Waste Management Centre - Designed for a China 

Plant. In future, we hope we can design a similar plant in Singapore 



Featured Clients
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Contact Person: Dr. Raymond Yang

HP:
+86-13611920875 (China) 
+65-93690986 （WhatsApp/Wechat）

Email: 
raymondyang@pioneerenv.com.sg
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Q & A



3.  19th May (3pm – 4pm)
SWA/SgWX Industrial Water Series.
Sharing of water opportunities in industrial projects in Philippines and Vietnam.

https://www.swa.org.sg/category/upcoming-events/

1.  11th May (3pm – 4.30pm)
Water Resource Recovery.
A dialogue between Denmark and Singapore on key innovations and opportunities ahead 
in the water sector (The Royal Danish Embassy & Danish Export Assoc - Water).

Upcoming Events in May 

2.  17th May (3pm – 4pm)
Deepen Your Workforce Digital Capabilities with SME Digital Reboot.

5.  27th May (3pm – 4.30pm)
Storming Innovations with SIMTech.

4.  21st May (3pm – 4pm)
SWA/SgWX Water Utilities Series.
Water Management & Strategies of the Metropolitan Waterworks Authority (MWA), Bangkok.

https://www.swa.org.sg/category/upcoming-events/


Thank you
For further queries on this event, 

please contact :

Singapore Water Association

T: (65) 6515 0812  

E: enquiry@swa.org.sg

www.swa.org.sg

Pioneer Environmental Technology Pte Ltd

T: (65) 6210 2716      P: (65) 9369 0986 

E: raymondyang@pioneerenv.com.sg

www.pioneerenv.com.sg
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