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Oxygen Boosts Performance of  
Wastewater Treatment Plant
Opting for innovative system enables capacity expansion at Korean site

By Darren Gurney, Linde Gases

Chemical facilities are under mounting pressure 
to process ever larger quantities of wastewater to increas-
ingly higher standards while staying within a variety of 
cost constraints. Plant operators face the dilemma of how 
to maintain treatment throughput at reasonable cost even 
when the plant reaches design capacity. Potential changes to 
production mixes can compound the challenge. Fortunately, 
adopting the latest wastewater-treatment technology can in-
ject new life into a plant, extending useful asset life without 
heavy upfront capital investment. For instance, adding a 
unit to feed pure oxygen into a biological treatment system 
can boost its overall performance.

This article showcases a highly successful installation 
of such technology in March 2011 at the Daesan, Korea, 
complex of LG Chemicals, one of the largest Korean chemi-
cal companies. The site manufactures a variety of products, 
including vinyl chloride monomer, polyvinyl chloride, 
polypropylene, and low- and high-density polyethylene.

When the opportunity arose to increase production 
capacity at Daesan, the existing air-based treatment system 
was judged incapable of meeting future demand for dis-
solved oxygen in the bioreactors comprising the second-
ary treatment stage. Without an effective intervention, 
the performance of this stage would deteriorate. Such a 
dropoff might lead to environmental excurions that could 
expose the company to regulatory penalties or even to the 

suspension of the plant’s operating license, and also might 
adversely affect the downstream tertiary-treatment stage. 

Potential upgrades had to be able to deal with challenges 
that included high salinity wastewater and secondary-
treatment-stage operation at temperatures as high as 48°C. 
Another stipulation for the upgrade was that installation of 
all equipment mustn’t interfere with current plant operation.

When approached to propose solutions to increase the 
oxygenation capacity of the existing wastewater-treatment 
plant, Linde suggested its proprietary Solvox-V process.  
This technology, which is particularly suitable for oxygen  
dissolution into basins with low water depths, would boost 
the dissolved oxygen in the secondary treatment stage. 
Because of its high driving force of pure oxygen and efficient 
oxygen transfer, a Solvox-V unit can achieve dissolved oxygen 
levels exceeding 2 mg/l, which enhances secondary treatment.

In basic terms, the unit consists of submersible pumps 
with very high hydraulic efficiency factor, a distributor for 
the division of water with low oxygen content into separate 
streams, gas/liquid-contact venturi pipes for efficient oxygen 
transfer in the form of very fine bubbles, plus mixing noz-
zles for the even distribution and dispersion of oxygen-en-
riched water. High velocity jets generated at the outlet of the 
unit recirculate the oxygenated wastewater at the bottom of 
the basin. Signals from dissolved oxygen probes at each  
aeration basin automatically control oxygen injection.  
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The oxygen input can be adjusted for seasonal needs or  
production campaigns.

The Solvox-V process combines excellent oxygen utiliza-
tion and high oxygenation efficiency rates with intensive 
wastewater agitation. It is more economical than other  
methods and offers high flexibility for oxygen dissolution  
and process mixing, especially when integrated with existing 
aeration equipment. Assembly requirements are minimal, 
with no construction work required; the system is ready to 
operate within a very short time. Assembly is possible in  
fully operational tanks, thus avoiding the costs and inconve-
nience associated with a process shutdown.

To ensure the equipment could handle the highly saline,  
high-temperature operating environment, Linde harnessed a 
nanoparticle ceramic-based coating and used sacrificial zinc 
anodes. We also provided a frame that allowed for lower-
ing the equipment into the wastewater without damaging 
the existing aeration tubes and facilitated withdrawal for 
planned maintenance. 

The necessary equipment was delivered to the site 
two weeks ahead of schedule, and installed and commis-
sioned in two days. No shutdown to normal operations 
was required because the equipment was set on purpose-
built steel frames (Figure 1) and mounted above the 

existing air-based diffuser system at the base of the tank. 
Within two days, performance testing confirmed the 
process was working optimally; almost immediately LG 
Chemicals experienced an increase in dissolved oxygen. 
It was possible to reduce the existing aeration system by 
more than 40% and still achieve the desired operation 
from the secondary treatment stage. The performance 
of the secondary treatment stage was improved to 70% 
from around 60%.

Linde’s intervention focused on the biological treatment 
phase, removing up to 70% of the pollution load as mea-
sured by chemical oxygen demand. The improvement in this 
secondary treatment stage reduces the work required for the 
downstream processes, including a Fenton’s reagent tertiary 
stage, as well as the total cost of treatment.

The system implemented at LG Chemicals achieved the 
required outcome without the need to physically build any 
extra treatment volume capacity. Using the plant’s existing 
assets and retaining everything on the same footprint, a 
technologically advanced but straightforward upgrade was 
achieved in less than a week. 

DARREN GURNEY is a senior process engineer, water and aquaculture, 

for Linde Gases, Guildford, U.K. E-mail him at darren.gurney@linde.com.

Figure 1. Korean site benefited from quick installation, not requiring shutdown of process, and fast improvement in secondary-treatment performance.

OXYGEN DISSOLUTION UNIT
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Investor interest in water-related issues is on the 
rise with investors such as Norges Bank Investment Manage-
ment stating that “water scarcity on a global scale represents a 
financial risk to the fund. Economic growth, industrialization 
and population growth are driving the increasing demand 
for water, while factors such as climate change, pollution and 
regulation are affecting the supply and costs related to water.” 
The chemical industry, being highly water intensive, certainly 
is exposed to water-related risks. Any efforts to manage these 
risks and capitalize on opportunities begin with the measure-
ment and appreciation of how water may impact business,  
followed by the development of strategies to protect the  
business both now and in the future. 

The Carbon Disclosure Project (CDP) (www.cdproject.
net), London, an international not-for-profit organization, 
has worked with large companies around the world for over 
a decade, helping to accelerate awareness and management 
of environmental risk. It pioneered the only global system 
that collects information about corporate behavior on water 
security and climate change. CDP’s water program focuses 
specifically on mobilizing positive and tangible action on sus-
tainable water management by enabling businesses, investors 
and policy makers to better understand the corporate risks 
and opportunities associated with water scarcity and other 
critical water-related issues.

CDP’s goal of enabling better decision-making by provid-
ing high quality information on how companies are manag-
ing their responses to natural resource constraints has never 
been more important. Demonstrating the growing signifi-
cance of water management as an investment issue, the 2012 
CDP request for information on water, which was sent to 318 
of the world’s largest companies listed on the FTSE Global 
Equity Index Series (the Global 500), was formally supported 
by 470 investors representing $50 trillion in assets. 

CDP received responses from 20 companies in the 
chemical industry. A total of 36 companies in five chemi-
cal sub-sectors were asked to respond — see Table 1. The 
response rate of just 56% was disappointing given the weight 
of investor interest in the issue and the increasing proportion 
of companies across all industries reporting water-related 
impacts, risks and opportunities.

Analysis of the responses provides some interesting 
insights into the preparedness of chemical companies in 
tackling water scarcity:

• �Almost two-thirds of chemical industry respondents 
have experienced water-related negative impacts to 
their business in the past five years, and the majority of 
respondents have identified water as a substantial and 
current risk to their business.

• �Encouragingly, the majority of respondents report that 
water represents a current strategic opportunity to im-
prove their financial and brand performance, with some 
opportunities having sales potentials of more than €800 
million ($1 billion) by 2020.

• �Despite this, less than half of respondents have set con-
crete targets or goals with regard to water-related issues, 
suggesting that water isn’t receiving strategic attention 
proportionate to its risks and opportunities.

A GROWING AND IMMINENT RISK

Water risk is a prominent issue among chemical industry 
respondents. Indeed, 65% report suffering water-related adverse 
business impacts in the past five years — this is significantly 
higher than the full Global 500 sample average (53%). Impacts 
include business interruption through the closure of major 
transport routes and property damage. DuPont’s operations, 
for example, were affected by storm surges and flooding associ-
ated with major hurricanes in 2008.

The Tide is Turning
Chemical makers increasingly focus on water-related risks and opportunities

By Cate Lamb, Carbon Disclosure Project

BOOST WASTEWATER IMPROVEMENT EFFORTS
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Perhaps as a result of this, 70% of 
chemical respondents identify water as  
a substantial risk to their business, 
either in their direct operations or 
across their supply chains. Increased 
water stress/scarcity, and regulation 
of discharge quality/volumes leading 
to higher compliance costs are the 
most frequently reported risks (Figure 
1). This perhaps isn’t surprising given 
the inherent nature of the chemical 
industry and the hazards that some 
chemicals pose to humans and the 
environment. For example, DSM states 
that reputational damage resulting 
from water-related issues can nega-
tively impact shareholder value and 
that water-related incidents can lead to 
severe business interruptions.

Given that the majority of the  
risks identified are reported to have  
the potential to impact businesses  
now or within the next five years,  
there is clearly an urgent need for  
companies to develop effective  
management responses.

Israel Chemicals provides a compel-
ling example of the critical nature of a 
sustainable supply of water to business 
continuity. The company depends upon 
the Dead Sea as a significant source of 
raw materials, yet due to historic and cur-
rent extraction practices, the sea’s water 
level is dropping at a rate of around one 
meter per year. Solutions proposed by the 
Israeli Government are likely to affect the 
composition of the sea water and, hence, 
the quantity of materials the company 
can produce. It’s anticipating “significant 
expenses” as a result.

As BASF stresses, “the sustainable 
use of water and the conservation of 
water resources are… important for our 
company’s future success.” It is therefore 
vital that the chemical industry engages 
with and understands the implications 
of water for their business. Because 
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Restricted operations water permits - 5%
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Figure 1. Risks cited by chemical industry respondents range from water scarcity to 
flooding.

Figure 2. Four-fifths of chemical industry respondents foresee current or near-term 
opportunities.

RESPONSES BY INDUSTRY SUB-SECTOR

Table 1. More than half of the chemical companies sent questionnaires provided inputs.

Sub-sector
Number of Responses 

Received
Number of Companies 
Invited to Participate

Commodity chemicals 2 7

Diversified chemicals 6 11

Fertilizers & agricultural chemicals 5 8

Industrial gases 3 4

Specialty chemicals 4 6

Total 20 36
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water-related risks extend beyond direct 
operations, the chemical industry 
should strive to understand their risk ex-
posure across their entire value chain.

The supply chain features frequently 
as a significant source of risk among 
Global 500 companies. However, only 

15% of chemical industry respondents 
report that water-related risks within 
their supply chain have the potential 
to substantively impact their business. 
Nonetheless, 50% of the identified risks, 
including reputational damage, increased 
water stress/scarcity and flooding, are 

anticipated to impact businesses now or 
in the next five years. 

Of those companies noting they 
aren’t exposed to supply chain risks, 
the majority, including Dow, DuPont 
and Potash, explain that their strategy 
of multiple-sourcing enables them to 
circumvent any risks. Other firms, such 
as Air Liquide, Ecolab and Syngenta, rely 
on supplier engagement to mitigate risks.

Worryingly, however, over a third 
(35%) of respondents are unable to state 
whether or not they are exposed to risks 
across their supply chain. Many cite the 
sheer number of suppliers as a barrier to 
understanding these risks; others report 
they traditionally have focused on risks 
across direct operations but are in the 
process of broadening their analyses to 
cover supply chains.

Encouragingly, respondents are 
taking steps to address the uncertainty 
around supply chain risks, with 35% 
requiring key suppliers to report their 
water use, risks and management. It 
is recommended that other chemical 
companies consider engaging their key 
suppliers on water-related issues.

SEIZING OPPORTUNITIES

Water-related issues present substantive 
opportunities for their business say 80% 
of chemical industry respondents, a level 
somewhat higher than the Global 500 
average (71%). These companies report 
a total of 43 opportunities —  
including creating new sales, enhancing 
brand value and saving costs (Figure 
2) — all of which are expected to 
materialize within the next five years. 
To capitalize on these opportunities, 
many companies pursue water stew-
ardship strategies that not only build 
business resilience, but also turn risk 
management responses into a source of 
competitive advantage.
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Transparency - 20%
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Figure 3. Some chemical companies report efforts to address issues beyond their own 
operations. 

Figure 4. Less than half of chemical industry respondents have established concrete, 
quantitative water targets or goals. 
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Half of the respondents, including Akzo Nobel, Israel 
Chemicals and Air Products & Chemicals, foresee sales  
of new water-related products and services across diverse  
markets ranging from consumers to a variety of industrial 
sectors. The market should grow fastest in areas lacking  
access to safe drinking water and sanitation, as well as  
those expecting greater impacts from climate change, where 
water efficiency, recycling and reuse are expected to become 
increasingly important.

“Adaptation to resource scarcity is an emerging challenge  
for our customers, especially in high-growth markets like 
China, India, Brazil and the Middle East. By recognizing the 
potential for water reuse, we can help our customers increase 
their capacity with less risk of competing for already scare 
resources,” notes Ecolab.

BASF, for one, provides a range of products to meet cur-
rent and future water needs in terms of production, use and 
purification. The company estimates these products have the 
potential to generate more than €800 million ($1 trillion) in 
sales through 2020.

A number of respondents cite the cost implications of 
the research and development, regulatory and marketing 
resources required to develop, test, market and sell new prod-
ucts and services. However, they also note the benefits include 
significant opportunities to increase their market share as a 
result of newly developed technologies.

ADDRESSING CHALLENGES

A clear and urgent need exists for the chemical industry to 
develop effective management responses to water-related issues. 
Not surprisingly, companies are focusing most on their direct 
operations rather than on aspects that might better address 
some of the underlying issues related to water scarcity, such as 
community engagement or watershed management (Figure 3). 
Almost all have developed water policies (Figure 4). All are able 
to report their water withdrawals and nearly all can identify 
their discharges. However, only 45% have established specific 
water-related targets or goals. This is much lower than expected 
considering the proportion of companies that have already 
experienced water-related negative business impacts.

Moreover, many of these targets focus on the efficient 
use of water (recycle and re-use) and reducing water con-
sumption in general rather than on water quality manage-
ment. This is surprising considering one of the risks chemi-
cal industry respondents most frequently cite is increasing 
regulation of discharge quality. 

Some notable initiatives include:
Praxair is using the WBCSD Global Water Tool (www.

wbcsd.org/work-program/sector-projects/water/global-water-
tool.aspx) to build a picture of water stress or abundance 
both now and over the next 15 years. It plans to use the 
findings as a basis to improve water management and re-
porting across the entire company.

Israel Chemicals has established an “ecological tax” — an 
intra-organizational tool that adds effluent treatment costs 
onto the total price of a product. This provides an incentive 
for production managers to reduce the quantity of pollutants 
and effluents at the source in addition to acting as a tool for 
estimating the “environmental” price of each product.

Taking collective actions to address water-related issues 
is becoming more popular. Chemical industry respondents 
are beginning to realize that no single company can address 
some of the underlying water challenges. So, for example, 
DuPont is taking part in the Aqueduct project of the World 
Resources Institute, Washington, D.C. (www.wri.org/). 
This project’s objective is to “equip and motivate companies 
operating in water-stressed regions to minimize their water 
consumption and other impacts, drive markets for environ-
mentally sound hydro technologies, and advance economic 
development without threatening freshwater resources in 
their communities.”

Meanwhile, Syngenta, recognizing the challenges it faces 
in offering timely advice on optimum agronomy solutions for 
crops to farmers spread over large, sometimes remote, areas, 
has teamed up with Nokia. “Syngenta has been working with 
Nokia LifeTools to set up an easy-to-use, graphical interface 
that works anywhere on Nokia cell phones. With this wireless 
application, Syngenta can provide growers with crop-specific 
tips on pest and disease management.”

A NEW IMPERATIVE

Water is a critical resource for the chemical industry. So, 
chemical companies should engage in water-stewardship 
initiatives to mitigate risks and seize business opportunities. 
Many companies are reducing their exposure to water-related 
risks and, in partnership, identifying ways in which water-
related issues can positively impact performance. Disclosing 
water-related information (see sidebar) is an important step in 
water stewardship and water-related value creation. 

CATE LAMB is head, CDP Water Disclosure, for the Carbon  

Disclosure Project, London. E-mail her at Cate.Lamb@cdproject.net.
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