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FUTURE RESOURCES COMPANY
Who Are We?
Future Resources was established in 2008 in Al Khobar, Kingdom of Saudi Arabia and since then it has
grown steadily through adopting a unique philosophy is business development in the field of Water and
Environment.
Future Resources was established by investors and technical people from Saudi Arabia and the GCC
counties. The investors have long and vast history in the business that spans over four decades. The
technical partners, on the other hand, served in the oil and gas, utilities and petrochemical industries for
more than 30 years. This amalgamation of business and industrial experience has positioned Future
Resources at a competitive edge within a short period of time. Future Resources adopt out of the box
approach to hunt new and non-conventional business opportunities that are overseen by others.
Future Resources operates mainly in Saudi Arabia and the Gulf region but also stretches their business arms
to other countries as well, through their alliances with reputable companies around the world.
Future Resources is relatively young but it was able to establish a noticeable footprint in its area of
expertise in Saudi Arabia and the gulf region and it was able to sustain its market position in a highly
turbulent business environment.
Future Resources provides total environmental solutions and Water treatment for better tomorrows. We
owe these to future generations because we inherited a good environment from our past generations.
Future Resources with their technical and business partners and alliance strive to introduce proven and
new technologies in the field of Water desalination and treatment, for the Future of the next generations.
Future Resources relies that new challenges cannot be solved with old techniques. This philosophy
necessitate Future Resources to be on the edge of the technology and invest in the continuous research
and developments as the main success factor for our company.
Current industries are challenged with a verity of new environmental problems that requires new ways and
means to overcome them.
Future Resources newly established R&D division along with their technical partners have set new pace in
the industry and where able to provide innovative solutions for chronicle problems in our business arena.
This effort by Future Resources and their technical partners revel to 14 Patents out of which 4 patents have
been registered and the rest are in the registration process. These innovative patent are great value to the
water and waste water industry and it will soon change the way business ID accomplished.
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Our Projects:
As a newly started company Future Resources is proud that it was able to position themselves in a
competitive market among big player. Thanks to our team and our technical partners who provided the
support to penetrate the market.
Future Resources has a vast network in the industry that built the trust with our customers and many
projects were awarded to the company as a single source.
The following are some of the projects that Future resources did or in progress over the short life span of
the company.



New Sewage Treatment Plant in Jubail Industrial City

With our technical partner, Future Resources has won a
project in Jubail Industrial City to build a 55,000 cubic
meters per day sewage treatment plant in 2009.



Industrial Waste Water Plant, Jubail Industrial City

Future Resources built a temporary waste water
treatment plant to treat 18,000 cubic meter per day for
the utility company in Jubail. The plant was built and
operated for one year in 2009



Treatment of 14,000 M3 Industrial Waste Water Per Day – Jubail Industrial City
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Industrial Waste Water Treatment Plant, Dammam Industrial City

Future Resources has built a new industrial waste water treatment plant in
the second industrial city in Dammam, Saudi Arabia. The capacity of the
plant is 6000 cubic meter per day. The plant received all industrial waste
from the industrial city. The project started in 2013.



Treatment Of 25 m3/hr for WWTP in Dammam Industrial City - MODON
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Leather Wastewater Treatment Plant In Guangzhou

TEST

METHOD

UNIT

Before Treatment

After Treatment

Chemical Oxygen Demand

APHA 5220 B-98

mg O2/L

6040

52

Biochemical Oxygen Demand
@20°C for 5 days

APHA 5210 B-98

mg / L

4900

25

Total Dissolved Solids

APHA 2540 C-98

mg / L

800.5

1149.0

Oil & Grease

APHA 5520 B-98(MOD)

mg / L

4926.4

1.6
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HONDA ENGINE PLANT IN DAYAWAN (CHINA)

TEST



METHOD

UNIT

Before
After
Treatment Treatment

Chemical Oxygen Demand

APHA 5220 B-98

mg O2/L

1656

99

Biochemical Oxygen Demand @20°C for 5
days

APHA 5210 B-98

mg / L

1000

32

Total Dissolved Solids

APHA 2540 C-98

mg / L

5102.5

1471.0

Oil & Grease

APHA 5520 B98(MOD)

mg / L

8307.6

1.2

CYANIDE REMOVAL (CHINA)
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PROTON & MITSUBISHI JV PLANT IN MALAYSIA (SHR ,DHR & CLARIFIER)
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Printed Circuit Plant In China
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Proton & Mitsubishi JV Plant In Malaysia (SHR ,DHR & Clarifier)
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Ministry of Defense, Dynamic Factory, Bendon Malaysia

13 | P a g e

FUTURE RESOURCES COMPANY


Oil in Water Application, Oil Storage Tank



More Treatment Results In China

Treatment method

Location

Application

COD
Before
Treatment

COD
After
Treatment

COD%
Reduction

DHR only

HaiKou City Landfill

Leachate

6434

1629

75 %

DHR pre-treatment/
Biological

Guangzhou LiKeng Co

Industrial wasteorganic

4750

250

94 %

DHR 5 stages

Zhu Hai Altana Chemie
AG

Industrial wastesolvent

134539

3788

97 %

DHR polishing after
biological

Guangzhou Landfill

Leachate

1456

147.1

90 %
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World’s Water Demand
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POPULATION GROWTH: A WORLD ISSUE
With the world's population more than doubling over the last half century, basics like water are under more strain than
ever, and providing for an additional 2-3 billion people in the next 50 years is a serious worry.
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WAR FOR WATER
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ACCESS TO WATER SOURCE

Total population: access to an improved water source

WATER USAGE RISING
Water usage rising faster than global population
Like oil in the 20th century, water could well be the essential commodity
on
which
the
21st
century
will
turn.
Human beings have depended on access to water since the earliest days of
civilization but, with the global population projected to cross the 7-billion
mark on Oct 31, exponentially expanding urbanisation and development
are driving demand like never before.
Water use has been growing at more than twice the rate of population
increase in the last century, said Ms Kirsty Jenkinson of the World Resources Institute, a Washington thinktank.
Water use is predicted to increase by 50 per cent between 2007 and 2025 in
developing countries and 18 per cent in developed ones, with much of the
increased use in the poorest countries with more and more people moving
from rural areas to cities, said Ms Jenkinson.
Factor in the expected impact of climate change this century - more severe
floods, droughts and shifts from past precipitation patterns - that are likely to
hit the poorest people first and worst "and we have a significant challenge on
our
hands",
Ms
Jenkinson
said.

rise,

as

Will there be enough water for everyone, especially if population continues to
predicted,
to
9
billion
by
mid-century?
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"There's a lot of water on Earth, so we probably won't run out," said Mr.
Rob Renner, executive director of the Colorado-based Water Research
Foundation.
"The problem is that 97.5 per cent of it is salty and ... of the 2.5 per cent
that's fresh, two-thirds of that is frozen. So there's not a lot of fresh water
to deal with in the world." Reuters

DISTRIBUTION OF EARTH’S WATER
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USAGE OF FRESHWATER
It is estimated that 8% of worldwide water use is for domestic purposes. These
include drinking water, bathing, cooking, sanitation, and gardening. Basic
household water requirements have been estimated at around 50 liters per person
per day, excluding water for gardens.

Recreational water use is usually a very small but growing percentage of total
water use. Recreational water use is mostly tied to reservoirs.

It is estimated that 22% of worldwide water use is industrial. Major
industrial users include hydroelectric dams, thermoelectric power
plants, which use water for cooling, ore and oil refineries, which use
water in chemical processes, and manufacturing plants, which use
water as a solvent. Water withdrawal can be very high for certain
industries, but consumption is generally much lower than that of
agriculture.

It is estimated that 69% of worldwide water use is for irrigation, with 15-35% of
irrigation withdrawals being unsustainable. It takes around 3,000 liters of water,
converted from liquid to vapor, to produce enough food to satisfy one person's daily
dietary need.

Recreational, 1%
Domestic, 8%
Industrial, 22%

Agriculture, 69%

20 | P a g e

FUTURE RESOURCES COMPANY
WATER CYCLE
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NATURE’S CLEANING DESIGN
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Services & Technologies
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Which Environment will we pass to the next Generation?

OR
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AWSS
(Advance Water Sustainability System)
OVERVIEW

Innovative Solutions for Sustainable World
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Increased sustainability through reuse
Adequate quantity and quality of water supply for a variety of users is at the core of sustainable development. However,
water use has tripled since 1950 and demand is growing rapidly. It is estimated that 80% of the used water worldwide is
discharged back to the natural environment without any treatment, which reduces the potential for the water to be used
effectively.
‘Wastewater’, better rephrased as ‘used water’, is recognized as a resource that can contribute to filling the supply gap.
Meeting future needs will be driven by efficiency enhancement and waste minimization. Water reuse is seen as a step
towards the solution, with beneficial effects on energy efficiency and greenhouse gas emissions control.
For industrial companies, water resents an operational challenge and a cost item, as well as an opportunity for growth.
As the availability of water as a resource is localized and can be limited, this is particularly true in arid regions where
water is scarce and the environment is sensitive to industrial discharges. Attention is increasingly paid to opportunities
for industrial water users to conserve, reuse and share water. Incentives are straightforward: minimizing water use can
bring economic savings in production costs and reduce dependency on water resource supply.
Many industries are faced with restrictions on their water usage and/or on the quality and quantity of water they can
discharge. Solutions to maintain or expand operations include wastewater reuse and minimization of discharge to the
environment. Other industries are investing in new technologies to take advantage of the evolving demand for water
treatment chemicals, services, and equipment.
There is potential for reuse and scope for innovation (not only technical but also on collaborative approaches), both
within and outside the fence: water can for instance be re-used as process water for cooling towers and boilers in various
industries

Advance Water Sustainability System (AWSS).
Water is essential to life and forms part of the environment. As concern grows for continually improving the quality of
the environment, industry of all types and sizes are increasingly turning their attention to the environmental impacts of
their activities, products and services, and this includes striving towards a more efficient use of water within an industry.
Achieving sound water efficiency performance requires industrial commitment to a systematic approach and to continual
improvement of an industrial water efficiency management system (AWSS).

Sustainable
Sustainable system is a path that can be maintained indefinitely
because it is socially desirable, economically viable, and
ecologically sustainable. Economically viable sits at the top of
the pyramid in Figure 1.1 because it a very important factor in
an industrial environment.
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Purpose of the AWSS – system integration:
AWSS enable industry to assess and account for their water usage, and to identify, plan and implement measures to
achieve water savings through systematic management of water. Successful implementation depends on commitment
from all levels and functions of the industry, especially commitment from top management.

Industrial water system integration is defined as the process of bringing together the component of all sub systems into
one system and ensuring that the subsystems function together as a system. The traditional water management system
is adjacent to each other within the plant. A difference would be the simultaneous consideration of several of water sub
system distributed over the entire water cycle. Such a level of integration has the potential to solve problems on an
adequate level, achieving much more than financial gain.
It is important to look at the manufacturing system in its entirety to address water resource management issues (Figure
1.2). Water is typically used in three main areas: manufacturing process, cooling water, and feed water for the boiler
system to generate steam. Typically, there is also raw water treatment, especially when surface water is being used;
wastewater treatment, which includes removing solids; and biological treatment.
Integrated water management entails evaluating and optimizing all of the resources used for an entire site. Some of the
water flows are shown in Figure 1.2. For
example, the condensate from the process flows
back into the boiler for the recovery of heat and
water. The boiler blow down or the effluent of
Boiler
the whole plant could also be used as a cooling
Feed Water
Treatment
tower.

AWSS requirements:
AWSS enables an industry to achieve its policy
commitments, and take action as needed to
improve its water management to their best
requirements.
AWSS assist an industry to develop and
implement a water sustainability management
policy, and establish objectives, targets, and
action plans which take into account legal
requirements and information related to
significant water usage.

Waste Water
Treatment
Plant

Raw Water
Treatment
Plant

Effluent

Cooling
Tower
Pretreatment

AWSS applies to the activities under the control
of the industry, and it will be tailored to fit the
specific requirements of the industry, including the complexity of the system, degree of documentation, and resources.
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In any industry, water may be used for staff usage and operational applications. In operational applications, water is
used in a number of ways including the following:
A.
B.
C.
D.
E.

General cleaning of equipment
As a process transport agent
As a heat transfer fluid
In contact with process material in mass transfer
As a by-product or constituent of a reaction

AWSS maps the entire water system in an industry tracing all the above uses of water and make sure it is optimized
after implementation of the system.

Why AWSS
The adoption and proper implementation of the AWSS is intended to result in improved water efficiency and can help
to achieve the following outcomes:
•
•
•
•
•
•

Identifying water as a resource that should be considered as part of industrial and budgetary planning
Assisting an industry to reduce water demand and better manage water usage
Recognizing the impact and savings that can occur with reducing water usage
Ensuring a greater level of accountability in water usage
Providing a process for regular review and adoption of opportunities arising in water efficiency.
Eliminating or considerably reducing of adverse environmental impact from the waste water to an acceptable
limits.

How AWSS
AWSS Study is based on the premise that the industry will periodically review and evaluate its AWSS in order to
identify opportunities for improvement and their implementation. The industry is given flexibility in how it implements
AWSS, e.g. the rate, extent and timescale of the continual improvement process are determined by the industry. The
Plan - Do - Check - Act (PDCA) continual improvement framework of AWSS ensure delivering results that will improve
water efficiency in accordance to the industry’s water efficiency management policy.
Plan:






Set policy and objectives.
Identify business activity indicators.
Identify legal and other requirements for compliance.
Conduct water usage review.
Establish baseline water efficiency indices, targets and action plans.



Implement the water efficiency management action plans.

Do
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Check



Monitor and measure processes and the key characteristics of operations that determine water efficiency
against the water management policy, objectives, legal and other requirements.
Report the results.

Act



Take actions to continually improve water efficiency
Work with the business partner to develop tailored made, in-house design, process, product and new
technologies.

Scope of work:

AWSS specifies requirements that will enable an industry to take a systematic approach in order to achieve continual
improvement of water efficiency and to develop and implement water saving measures.

AWSS is applicable to any organization that wishes to:



Achieve efficient use of water through Reduce-Replace-Reuse approach;



Establish, implement and maintain water efficiency;



Continually improve water efficiency.



Provide solution for water improvement



Future research and development

AWSS specifies requirements applicable to water usage, including monitoring, measurement, documentation and
reporting, design and procurement practices for equipment, systems, processes and personnel that contribute to water
efficiency.
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AWSS Systematic Approach

The Current Opportunity Analysis
•

Involves holistic approach integrating utility systems, process operations& waste treatment

Comprehensive plant audit
•

Involves benchmark operations and current practice

Improvement plan development
•

Involves focusing on economical, technical and environmental criteria

Pilot system evaluation
•

Involves lab testing , water system modeling and pilot evaluation to reduce potential risk

Staged Solution Implementation
•

To leverage best available technologies
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Hydroxyl Treatment Technology
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Hydroxyl Radical - Detergent of the troposphere
The hydroxyl radical is often referred to as the "detergent" of the troposphere because it reacts with many pollutants,
often acting as the first step to their removal. It also has an important role in eliminating some greenhouse
gases like methane and ozone.

HYDROXYL RADICAL IN ATMOSPHERE
Study of Hydroxyl Radical at NOAA
Levels of hydroxyl, which help clear many hazardous air pollutants and some important greenhouse gases, excluding
carbon dioxide, dip and rise by only a few percent every year — not by up to 25 percent as once estimated.
“The new hydroxyl measurements give researchers a
broad view of the ‘oxidizing’ or self-cleansing capacity
of the atmosphere,” said Stephen Montzka, the study’s
lead author and research chemist at NOAA lab.
“Now we know that the atmosphere’s ability to rid
itself of many pollutants is generally well buffered or
stable,” Montzka said.
Hydroxyl is central to the chemistry of the atmosphere.
It is involved in the formation and breakdown of
surface-level ozone, a lung-damaging and cropdamaging pollutant.
It also reacts with and destroys the powerful
greenhouse gas methane and air pollutants, including
hydrocarbons, carbon monoxide and Sulphur dioxide.

Oxidizing Strength of ·OH
Oxidizing agent
MnO2
Cl2
ClO2
H2O2
O3
·OH
F2

Standard-State
Reduction Potentials, Eo

Half Reactions
MnO2(s)+4H++2e- =Mn2++2H2O2
Cl(g)+2e-=2ClClO2+2e-= Cl-+ O2
H2O2+ 2H++2e-=2 H2O
O3+2H++2e-= H2O+ O2
·OH+ H++2 e-= H2O
F2(g)+ 2H++2e-=2HF

1.23
1.36
1.50
1.77
2.07
2.80
3.06

·OH oxidizing properties are comparable to Fluorine (F2) the most electronegative element in the periodic
table
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The Hydroxyl Radical
The hydroxyl radical, OH·, is the neutral form of the hydroxide ion (OH–). Hydroxyl radicals are highly reactive and
consequently short-lived; however, they form an important part of radical chemistry. Most notably hydroxyl radicals are
produced from the decomposition of hydro-peroxides (ROOH) or, in atmospheric chemistry, by the reaction of excited
atomic oxygen with water.

Effects of ·OH on long organic chains




The high oxidizing properties of ·OH radicals is highly effective in breaking down long organic chains.
Most organic waste passing through the DHR is quickly broken up into carbon dioxide, water, and smaller organic
and inorganic ions through oxidation.
Minimal sludge is produced.

Development of Reaction Treatment System




Primary Oxidation reaction to break the solubility of the contaminants
Generate low cost strong oxidation material versus the conventional method, e.g. Ozone, Hydrogen Peroxide,
UV.
Oxidation break and precipitate the contaminants
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Reaction Treatment Characteristics







The hydroxyl (·OH) radical is unstable and highly reactive. Required retention time is short, usually less than 30
minutes.
The reactor starts a chain reaction, in which longer and unstable organic chains are first broken down to
smaller ones. The treated water is highly suitable for further biological treatment.
COD reductions for most applications range from 30% to 65%.
May be used to effectively decolorize waste water in many
applications.
Disinfects. Oxidizing effect kills most bacteria and viruses.
Algae removal.

Free radical measurements.
The electron spin resistance (ESR) spin-trapping technique was used to
detect short-lived free radical intermediates. Spin trapping is necessary
because of the reactive nature of the free radicals to be studied. This
technique involves an addition-type reaction of a short-lived radical with a
diamagnetic compound (spin trap) to form a relatively long-lived free radical product, the so-called spin adduct, which
can be studied by conventional ESR. The intensity of the spin adduct signal corresponds to the amount of short-lived
radicals trapped, and the hyperfine splitting of the spin adduct are generally characteristic of the original, short-lived,
trapped radical.
The testing method was discovered in 1980s, and the founder won Nobel Prize in 2007.

Our Application on Hydroxyls Radicals are:




OFR Technology
o ALGAE removal
o Hydra Technology
o Disinfection
o Deionization
DADI Technology
o Spent Caustic Regeneration
o RO Reject Reuse
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Same Application of Hydroxyls Treatment Technologies:
o

INDUSTRIAL WASTE WATER
Location: Jubail Industrial Area, Saudi Arabia
Client: Marafiq
Purpose: Combined with the Client’s existing aeration method to treat 18,000 m3 waste per day out of 45,000 m3
of waste water within the 4 lagoons.
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Water Condition before Installation

Water Condition after Installation

The system has not only reduces COD to regulated levels but also sustained life in the area.
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Spent Caustic
One of the key contributors to relatively high chemical oxygen demand (COD) and biological oxygen demand (BOD) is
from the acid gas (both CO2 and H2S) removal system(s) typically using dilute caustic soda (NaOH) as the active reagent
– the resultant waste stream is otherwise known as spent caustic.
Typical sulfidic spent caustic derived from acid gas removal in either a petrochemical or refinery facility can contain
significant contaminants comprised of dissolved hydrocarbon, polymers and active polymer precursors in addition to the
well-defined levels of sodium salts and free caustic. These lesser known contaminants can grossly inhibit the conversion
level of sodium sulfide to its highest oxidation state – sodium sulfate.
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Air Pollution
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OFR
(Oxidation Flocculation Reaction Technology)
Technical Information
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Introduction
Our new OFR technology is based on the Hydroxyl Treatment Technology
This new technology is extremely effective for the removal of ammonia COD, BOD, organic & industrial waste is using
selective catalytic oxidation of pollutants to carbon dioxide, water, and smaller organic and inorganic ions. This process
which provides an efficient, stable, simple way that is able to be applied both in low and high concentrations of pollutants
removal.
The patented system consists of a low voltage electrode array and specially designed proprietary packing which
together creates a three dimensional electrolytic effect.

The OFR system consists of the following three main components:

1. Static Hydro Reactor (SHR)
2. Dynamic Hydro Reactor (DHR)
3. The Labyrinth Clarifier (LC)
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The Static Hydro Reactor (SHR)
The SHR is patented designs that utilizes proprietary multi-function media (“SHR media”) and compressed air to
breakdown and treat specific pollutants in waste water. The SHR media utilize the principle of electrochemical oxidation
reduction, more commonly known as the Redox process (Redox reaction) to eliminate vast number of water pollutants
in waste water.
All items are recognized as having some form of electrical and magnetic charge, some are positively and some are
negatively charged. The redox action works so well in SHR because the SHR media has media A that is positive element
and media B that is negative element. The positive charged impurities and contaminants are attracted to the negative
charge of the SHR media A and the negative impurities and contaminants are attracted to the positive charge of the SHR
media A. When wastewater and compressed air makes contact with SHR media (media A & B), the Redox reaction takes
place. The SHR itself creates a miniature electrolytic cell within the spaces between each particle, the SHR media B acting
as the anode and the SHR media A acting as the cathode. When the impurities and contaminants in the wastewater pass
through this electrolytic cell, metallic impurities react to the magnetic force created by the electrolytic cell and are
attracted to the surface of the SHR particles. Other non-metallic impurities react with the SHR and form SHR media B
oxides, SHR media A hydroxides in the water. These byproducts remain within the wastewater and hydroxyl radical is
created and carried through into the wastewater, forming a process wherein colloids come out of suspension in the form
of floc or flakes by the addition of clarifying agent when pass through the labyrinth clarifier.

The SHR media is designed to:








Create a oxidation-reduction reaction to treated certain pollutants
Coagulate and absorb the waste. Flocculation of the pollutant
Removal of Dissolved / emulsified mineral oil & grease.
Removal of Surfactants (detergent, soap, raw materials from cosmetics).
Removal of Solvent
Removal of heavy Metals
Removal of Aromatic compounds including benzene, ethyl-benzene and xylene…etc.

Advantages









High treatment efficiency.
Stable outlet water quality.
Minimum floor space.
Low cost of ownership.
Low cost of operation and maintenance.
Able to treat a wide variety of wastewater.
The unit have a long operational life and requires minimum maintenance.
The media materials is not consumed in reaction but may need to be clean/replace
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Applications:
SHR was first developed in 1980s in order to replace the award winning DAF (dissolved air flotation) system. In 1990s,
SHR has been deploy too many countries in countless number as the key pretreatment reactor from domestic kitchen
waste to oil well wastewater.
The SHR (Static Hydro Reactor) - Mainly for treatment of emulsified oil, dye as well as heavy metal.
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The Dynamic Hydro Reactor (DHR))
The DHR is an efficient and cost effective solution for the treatment of high concentration pollutants in wastewater. The
system consists of a low voltage (DC 24 or below) electrode array and specially designed proprietary carbon based media
which together creates a three dimensional electrolytic and catalytic oxidation. The main feature of the DHR technology
is to fill high effective non-toxically special carbon based materials, catalyst and other auxiliary between the main
electrodes.
According to the type of pollutants and properties, specially selected mixed media are packed in the compact-structured
DHR. When wastewater with pollutants flows under certain operating conditions, one or several kinds of primary
flocculate and oxidizing agents are produced. This generates physico-chemical reactions, such as coagulation,
flocculation, absorption, catalytic oxido-decomposition reaction that remove the pollutants rapidly. The mechanism of
the removal of the pollutants in the DHR is actually the oxidation of hydroxyl radical (OH) which is yielded from nascent
state H2O2 produced in the treating process of the DHR.
The oxidative power from the radical is capable to remove pollutants to carbon dioxide, water, and smaller organic and
inorganic ions from any type of water. As the system utilizes minimum current in the process, this by far is the most cost
effective and lowest cost method to generate oxidative power. The system can potentially develop into fully digital
control system and monitor ammonia level changing in every second.
When the reactor is injected with air the resultant electrical energy from the array induces the formation of hydroxyl
(·OH) radicals.
These radicals will initiate a chain reaction that causes the catalytic reduction/oxidation of the pollutants passing
through the DHR and is highly effective in treating high concentration (BOD > 10,000) organic waste water
The DHR is highly effective in removing organic and inorganic pollutants with low power consumption and low operating
cost. The DHR:
•
•
•
•
•
•
•

Breakdown of Long Chain Hydrocarbon
Removal of Soluble COD ( non-biodegradable)
Removal of Cyanide
Removal of Pesticide
Removal of Dioxin
Removal of Ammonia
Disinfection etc.

The DHR system is the ideal solution for the economical treatment of waste water containing a high concentration
(BOD >10,000) of organic pollutants or other chemical waste including:
•
•
•
•
•
•
•
•

Breakdown of Long Chain Hydrocarbon
Waste water from the dyeing and printing industries
Waste water from pharmaceutical industries
Tannery applications
Waste water from pulp & paper mills
Treatment of landfill leachates
PCB production waste water
Waste water from food and related processing
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DHR Limitations
•
•

Pre-treatment is require for oil, fats and grease applications.
Not ideal for use in very high salinity (>10%) since most energy will be wasted for heat.

Very low operating cost
•
•
•

Requires very little maintenance.
Electrical cost is minimal. Voltage required is less than 50V.
System is robust and simple to operate.

Applications:






This system has wide range of applications. Its cost effectiveness can be use to replace any ammonia stripping
system (air stripping, chlorination) as these systems are costly to operate and not environmentally friendly as
ammonia has not been transformed to inert gases.
DHR has been widely used in various sectors of water industries as well as air purification since 1990s. The
successfully launched of domestic unit of DHR for aquaculture in 2009 created the revolution of ornamental fish
industry, thousands units sold in more than 150 countries and won countless awards.
DHR (Dynamic Hydro Reactor) - Mainly for breaking down of hydrocarbon chain (or COD)
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The Labyrinth Clarifier (LC)
The LC is very different from other standard industrial clarifier. It consists of a series of oblique plates arranged in parallel
with each other. Panels are attached to these plates so that a series of grooves and cells resembling a labyrinth is formed.
Through the use of computer modeling, the spacing of the plates and the resultant flow rates are carefully calculated.
When wastewater passes through the system, eddy currents are formed in each cell resulting in a series of vortexes
within these cells. These vortexes separate the suspended solids from the wastewater which is then drained into a sludge
tank at the bottom of the clarifier. The efficiency rate of removing solid is up to 90%.

Applications:Upgrade to Automatic Dewatering model with optional operation platform.
This innovative sludge dewatering product offers many advantages over conventional sludge management methods.
Originally developed for oily wastewater sludge, the Dewatering Press Model is patented as upgrade model for 24hours
automatic operation. The key to the process is the unique dewatering drum design. This drum is able to achieve both
thickening and pressing (dewatering) of the sludge in a single, compact operation. It can take sludge as dilute as 0.1%
solids, directly from any wastewater process to produce a cake of over 25%.
Clarifier - For precipitation of the suspended solid
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Harmful algal blooms may cause harm through the production of toxins or by their accumulated biomass, which can
affect co-occurring organisms and alter food-web dynamics. Impacts include human illness and mortality following
consumption of or indirect exposure to HAB toxins, substantial economic losses to coastal communities and commercial
fisheries, and HAB-associated fish, bird and mammal mortalities. To the human eye, blooms can appear greenish, brown,
and even reddish- orange depending upon the algal species, the aquatic ecosystem, and the concentration of the
organisms.

Minnesota Pollution Control Agency

Blue-Green Algae Bloom in Dianchi Lake, the Sixth
Largest Freshwater Lake in China

As algaecides remove algae. Several sources have indicated that the use of
excessive copper-based algaecides and alum can kill fish and other aquatic
animals as well as interfere with the reproduction systems in fish. Copper
compounds found in algaecides can kill beneficial bacteria in the lakes that
typically feed on bottom organic sediment, or muck. Similarly, Alum can leave
an aluminum hydroxide flocculent on the bottom of the lake that will
interfere with fish reproduction and many other organism in the ecosystem.
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Our Technology:
A system developed generates hydroxyl radicals with a electrical charged reactive chamber to remove algae was used
in fish tank test. Fishes remain alive in healthy state while water turns clear.

24 hrs
From

To

12 hrs

12 hrs
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Application of Algae removal unit:





Reservoir with algae bloom
Fish Farms
Cooling Tower
Koi/Fish pond in National Parks
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Our range of products used in the ornamental fish industry has proven records in reducing ammonia and nitrates

Tests with marine (seawater) tank indicated that with our hydroxyl reactor, ammonia levels is controlled and coral
growth was promoted.
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AMMONIA NH3 (mg/L)
0.3
0.25
0.2
0.15
0.1
0.05
0

HYDRA
CONTROL
0

1

5

6

7

9

11

WEEK

51 | P a g e

FUTURE RESOURCES COMPANY

| Disinfection

52 | P a g e

FUTURE RESOURCES COMPANY
Waterborne diseases are caused by pathogenic microorganisms which are directly transmitted when contaminated
fresh water is consumed. Contaminated fresh water, used in the preparation of food, can be the source of foodborne
disease through consumption of the same microorganisms. According to the World Health Organization, diarrheal
disease accounts for an estimated 4.1% of the total DALY global burden of disease and is responsible for the deaths of
1.8 million people every year. It was estimated that 88% of that burden is attributable to unsafe water supply,
sanitation and hygiene, and is mostly concentrated in children in developing countries.

The hydroxyl radicals (·OH) play a significant role in microbial inactivation. The test uses microorganisms in natural
reservoir water.

Total Plate Count of Original Sample
water

Total Plate Count of Sample water after
passing through Hydroxyl Disinfection
Unit
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This test uses E.Coli spiked water and passed through the disinfection system. Results show 5 logs kill in 30 minutes.

Disinfection of Bacteria Spike Water Using Hydroxyl System
Bacteria Count (cfu/ml)
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Water is desalinated in order to convert salt water to fresh water so it is suitable for human consumption or irrigation.
Sometimes the process produces table salt as a by-product. Desalination is used on many seagoing ships and submarines.
Most of the modern interest in desalination is focused on developing cost-effective ways of providing fresh water for
human use in regions where the availability of fresh water is, or is becoming, limited.
Large-scale desalination typically uses extremely large amounts of energy as well as specialized, expensive infrastructure,
making it very costly compared to the use of fresh water from rivers or groundwater.

A new desalination plant, hailed as being the world’s largest, has now been
completed in the new Jubail II Industrial Zone in the Kingdom’s Eastern Province.

We have re-invent the deionization process that treats seawater with low energy consumption and long membrane life.
The project is current in process to achieve WHO drinking water standard

Hydroxyl Generating Catalyst
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The key advantage of this method is that it completely avoids the high mechanical energy needed to go against the
osmotic pressure in the RO process.
The system operates in low DC voltage and current requirement, thus energy consumption is extremely low.
The unit function in ambient temperature, this allows the selection of low thermal resistance construction material which
translates to a substantial cost savings in capital investment.

Case Study:
At 110,000m3/day, the Tuas seawater reverse osmosis (SWRO) plant has sufficient capacity to meet around 10% of the
national demand. The water resources of Singapore are especially precious given the small amount of land and territory
in Singapore's geography while having a large urban population in the city-state. Without natural freshwater lakes,
Singapore relies on four water sources: rainfall, collected in reservoirs or water catchment areas (about 20% of supply in
2010), Imported water from Malaysia (about 40% of supply), Reclaimed water (producing NEWater) (30% of supply), and
Seawater desalination (10% of supply).
This "four tap" strategy aims to reduce reliance on supply from Malaysia by increasing the volume supplied from the
three other sources, or "national taps".

PROJECT TRIAL LOCATION:
SINGAPORE – EASTERN REGION
EAST COAST PARK
SALINITY – 25 TO 27 PPT
pH
– 7.6
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Initial trials exhibited salinity reduction of seawater of more than 50% can be achieve with basic setup.
The salinity of chambers reached a crossing point. This result could depict a high potential of low concentrate rejects.

SALINITY CHANGE VS TIME
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Data collected in a lab trial, estimate of energy consumption per stage is computed
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Chart 1. Measurement of conductivity in reactor chamber with simulation
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Current phase of project is trending the various parameter such as optimum voltage (DC) and current. Simulation of
multistage – continuous process designs. Lifespan test for membrane.
Further review is being conducted with detailed energy consumption to trend energy – economic and planning model to
design a pilot scale system.
Use of solar power is being studied to reach self-sustainability
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Comparison with Other Technologies
The Oxidation Flocculation Reaction (OFR) concept was first developed in 1983 to solve the drawbacks in other water
treatment technologies such as UV + TiO2, H2O2, Cl2, O3, WAO (wet air oxidation). The OFR was introduced over the last
two decades to many countries i.e. China, Japan, Korea, Singapore, Malaysia, USA, Finland, Switzerland, England, Russia,
Thailand, Vietnam. The application is different from one country to the other in terms of specification and magnitude.
Since 2009 Future Resources have introduced this technology to the region through two major projects in Jubail.
Comparing the OFR technology to other conventional water treatment technology is not a straight forward comparison
since the OFR has completely different concept in the water treatment. It uses the Hydroxyl Radicals to oxidize
contaminate in the waste water without using chemical. The system generate the radicals by its reactors thus it is a totally
environment friendly solution. Most of the other treatment technology uses extensive chemicals to treat the water.
We can proudly describe our technology as going back to nature.
Our Tech.
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Introduction:
DADI is a new name for a breakthrough technology for the treatment of industrial wastewater treatment
such as spent caustics and other highly contaminated and high TOC wastewater as well as high TDS water
(such as RO reject and well water). DADI technology is a reliable and flexible process that can be used to
augment existing process or as the main treatment process. This patented technology has the advantage
over existing technologies in term of low operation and maintenance costs, ease of operation and
dependability, ability to use renewable energy sources such as solar power, treatment facility erecting time
and on top of all, it is a real environment friendly technology.
No chemicals are added to the water treatment process and no reject or sludge is generated from the DADI
process.

Detailed Description
The unit functional purpose may be employed for regeneration of spent caustic, ammonia removal, high
TOC wastewater treatment, brackish water treatment and deionization of seawater and RO reject.
Such unit can also be deployed to remove or reduce other charged or ionic impurities from and aqueous
form. The DADI is highly effective in removing organic and inorganic pollutants with low power
consumption and low operating cost.
The DADI reactor consists of electrodes ion exchange membranes, and a special non-toxic conductive
carbon-based media. The wastewater may be channeled into the DADI be means of external forces such as
pumps, suction or gravity flow. The ion exchange membranes split the DADI into three (3) separate
chambers as shown in the diagram below. Wastewater or high TDS water enters the DADI reactor into the
middle chamber (chamber B). The mechanism of the removal of the pollutants in the DADI is the oxidation
of hydroxyl radical (.OH).

63 | P a g e

FUTURE RESOURCES COMPANY
Hydroxyl Radical Generation
The special media inside the reactor possess a void energy region where no energy levels are available to promote
recombination of an electron and holes are produced by DC activation in the solid. The void region, which extends from
the top of the filled valence band to the bottom of the vacant conduction band, is called the band gap. When energy
equal to or greater than the media’s band gap is absorbed, an electron is excited from the valence band to the conduction
band, generating a positive hole in the valence band. The ultimate goal is to have a reaction between the excited electrons
with an oxidant to produce a reduced product, and also a reaction between the generated holes with a reductant to
produce an oxidized product. Due to the generation of positive holes and electrons, oxidation-reduction reactions take
place at the surface of the media. In the oxidative reaction, the positive holes react with the water present on the surface
and produce a hydroxyl radical.
When wastewater is introduced into the middle chamber (chamber B) the following reactions take place:
Oxidative reactions due to DC activated catalytic media effect:
h+ + H2O → H+ + •OH
2 h+ + 2 H2O → 2 H+ + H2O2
H2O2→ HO• + •OH
The reductive reaction due to DC activated media effect:
e− + O2 → •O2•O2− + 2 HO• + H+ → H2O2 + O2
HOOH → HO• + •OH
Ultimately, the hydroxyl radicals are generated in both the reactions.
Ion Exchange
The two electrodes are located at opposite ends of the DADI, as shown in the diagram. These electrodes supply an electric
current to the water flowing inside the DADI. One of these electrodes is the cathode and is the source of electrons. The
second electrode is the positively charged anode. The negatively charged cathode attracts positively charged ions, and
the positively charged anode attracts negatively charged ions. The ion exchange membranes regulate the ion migration
process.
There are two types of membranes: anion membranes and cation membranes. Using the same reasoning used for the
electrodes, the anion membranes allow only anions to permeate, and the cation membranes allow only the cations to
permeate. Water does not permeate these membranes.
After the generation of positive holes and electrons, ion exchange reactions take place at the surface of media when it
comes in contact with ion selective membranes. With the two electrodes, the desired ions will migrate to the suitable
chambers by electrical attraction forces. What is left in the middle chamber is fresh water. Acid is formed in the acidic
chamber of the DADI and caustic is formed in the caustic chamber of the DADI.
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DADI Technology for Industrial Wastewater
Introduction

Our client manufactures ethyleneamines by the ethylene dichloride (EDC)/ammonia (NH3) process. This process
consists of the reaction of EDC with ammonia, followed by neutralization with sodium hydroxide (NaOH) to produce
a mixture of ethyleneamines and sodium chloride (NaCl) solution as a waste stream. Currently, the sodium chloride
solution is mixed and diluted with sea water and discharged back to the sea.
The most effective means to treat their water treatment is DADI technology where treated stream is then suitable
for reuse as feed water to the scrubber system. At the same time, caustic and acid will generate as a by-products
that can add value. DADI technology it’s originally from the Oxidation Reactor which is a proven technology currently
being used by numerous plants worldwide.
Process Description

The method is embodied into a system that includes a cathode and anode with a DC power unit to generate an
electrical field. The catalytic bed system generates continuous chain reactivity with contact charge impact.
In a single system outlay, the method employs the use of high performance ion exchange membranes to allow
control ionic activities within the chambers of the unit.
Detailed Description
DADI technology relate to the use of the methodology in the field of electro-membrane integration in making of a device
for the purpose of deionization. The unit functional purpose may be employed for deionization of seawater and RO reject
or reduction in salinity levels including brackish water and other industrial waste water to a permissible level for domestic
and industrial use. Such unit can also be deployed to regeneration spent caustic, ammonia removal, high TOC wastewater
treatment and remove or reduce other charged or ionic impurities from any aqueous form.
As used in the methodology, the electrical field generated between a pair of distance spaced conductive material. When
voltage is applied to the conductive material, electrical charges of equal current flow, opposite polarity build up on each
conductive side.
The unit houses the conductive material on the two sides. Two high performance ion exchange membranes with equal
distances are assimilated to form three distinct chambers within the unit that filled with a special non-toxic conductive
carbon-based media. The unit includes an inlet from which a feed liquid is supplied into the center chamber and an outlet
which the feed liquid exit the unit. The feed may be channeled into the chamber by means of external forces such as
pumps, suction and gravity. The mechanism of the removal of the pollutants in the DADI is the oxidation of hydroxyl
radical (∙OH).
Methodology of DADI
The water exiting the middle chamber through its outlet will be lower than the inlet. The difference of TOC, TDS, and
ammonia may differ in response to defined criteria such as conductivity, initial contaminates concentrations, reaction
time, flow rate and the likes.
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Multiple collections of the methodology designed units may be modulated to form a collective system in order to handle
mass volume of wastewater. The levels of incoming parameters difference may be defined and measured by appropriate
sensors with desired control looping to a central controller. In such outlay the salinity of the output of one unit will lower
than its input. With a continuous system design philosophy, the wastewater will pass thru a collective of units before
final exit to the desired specification.
The main feature of the DADI technology is to fill high effective non-toxically special materials, catalyst and other auxiliary
between the main electrodes. According to the type of pollutants and properties, specially selected mixed media are
packed in the compact-structured reactor. When the wastewater flows into middle chamber under certain operating
conditions, one or several kinds of primary flocculate and oxidizing agents are produced. This generates physico-chemical
reactions, such as coagulation, flocculation, absorption, catalytic oxido-decomposition reaction that remove the
pollutants rapidly. The mechanism of the removal of the pollutants in the DADI is actually the oxidation of hydroxyl radical
(OH) which is yielded from H2O2 produced in the treating
process of the DADI. The DADI is highly effective in removing
organic and inorganic pollutants with low power
consumption and low operating cost.
The two side chambers of DADI Electrodialysis reaction
process is an electrochemical separation process in which
ions are transferred through selective ion exchange
membranes from one solution to another by means of a DC
voltage supply by the same set of electros. The process has
been commercially used since the early 1960s. An electric
current migrates dissolved salt ions, including fluorides,
nitrates and sulfates, through a DADI reactor consisting of
alternating layers of cationic and anionic ion exchange
membranes.

Conclusion
Finally, the influent wastewater will be divided into three different types of effluents, the cation (positively charged ion,
ie. NaOH) solution, the fresh water, and the anion (negatively charged ion ie. H2SO4) solution.
With full scale implementation of DADI technology for treatment of spent caustic, various design options can be
considered. Optimal system design should account for a number of factors including variation in wastewater
characteristics and the level of treatment required prior to reuse the caustic. These variables have significant impact on
design and affect critical design parameters such as the type of Chemicals that can be reuse on-site such as Sulfuric acid.
A well designed system ensures that spent caustic is thoroughly treated regardless of plant feed stock and operational
variations.
The focus of any oil and gas plant should be manufacturing a product, not dealing with waste treatment difficulties. As
proven by full scale application, a properly designed DADI system provides effective, reliable, long term treatment of
wastewater with zero discharge of waste and turning the waste into valuable products on-site.
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Case Study:
Their plant in Jubail industrial city have stream of waste water from their operation. Currently the company is having
difficulty in disposing the waste water. Mainly they either dilute it with sea water then discharged back to the sea. The
company was looking for a solution to handle their waste stream in more economical way without recovering any
material. Our approach was to provide most economical output for our client. This approach was to provide a pre solution
to treat the waste stream using our DADI patented technology to remove contaminants such as TOC and ammonia, while
also producing fresh water suitable for reuse purposes instead of acid and caustic as byproducts.
The Current waste stream:
The case study covers two streams of waste water:


The streams E-1240 and P-1290A/B.

The requirement of this case study is to make the waste stream meet Royal Commission table 3C specifications (WATER
QUALITY STANDARDS FOR DIRECT DISCHARGE TO COASTAL WATERS). The samples were tested in an independent
laboratory for both untreated and treated sample.
Samples Parameters
The following are the test results of the untreated sample as received from the client.


The streams E-1240 and P-1290A/B with 25% NaCl.

Parameters
TDS
TOC
Ammonia
NaCI Purity
TOC in Solid NaCI

Unit
mg/L
Mg/L
Mg/L
%
Mg/L

Before Treatment
218100
341.66
63.72
97.66
1764

The sample before treated is shown in the following photo:
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Treatment Methodology
The experiment started by mixing the process water from stream (E-1240) with the process water from stream (P1290A/B) to form a new sample, then a salty solution was prepared by mixing it with 25% NaCl. TDS, TOC and ammonia
were measured. The sample was treated with DADI for 48 hours to produces three products treated water from chamber
B, acid from chamber A and caustic from chamber C. The sample parameters were measured again to chick for the
reduction in these values.

The following diagram demonstrates the reaction that takes place in the DADI unit.

Test Results
The sample was treated with DADI unit. The results are shown in the tables below:
 The results for the fresh water stream.
Parameter
TDS
TOC
Ammonia

Unit
mg/L
mg/L
mg/L

After Treatment
1520
<0.10
<0.03

The result for the acid and caustic streams.
Parameter
HCl Concentration
HCl Purity
NaOH Concentration
NaOH Purity

Unit
%
%
%
%

Acid Chamber
3.03
3.03
-

Caustic Chamber
4.42
4.42

The DADI achieved significant reductions in the parameter:






TDS was reduced from 218100mg/L to 1520mg/L representing 99.3 % reduction.
TOC was reduced from 341.66mg/L to <0.10mg/L representing a 99.97% reduction.
Ammonia was reduced from 31.67mg/L to <0.03mg/L representing a 99.91% reduction.
HCl recover from chamber A has 3.03% concentration and purity.
NaOH recover from chamber B has 4.42% concentration and purity.
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Please note that the above process was a batch process. Further reduction in the parameters can be achieved
when the real continuous process is designed.
The sample after treatment with DADI is shown in the following photo:

More Test Results for the Same Client:

Ethyleneamines Plant

Source

Parameters
Total Suspended Solids
(mg/L)
Turbidity (N.T.U)
Ammonia (mg/L)
COD (mg/L)
Salinity (g/L)
TKN (mg/L)
TOC (mg/L)

Before Treatment

After Treatment

360

26

122
40.73
2900
271.78
519.3
612.49

14.7
0.6
14
1.55
0.52
4.41
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DADI - Spent Caustics Treatment Technology
(CASE STUDY)
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New Technology for Spent Caustics Treatment (DADI)
DADI is a new name for a breakthrough technology for the treatment of Spent Caustics. This state of the art technology
was developed after years of extensive research in the field of industrial waste water treatment.
The purpose of this paper is to discuss our new technology for the treatment of spent caustics. This technology regenerate
the spent caustic with zero discharge and turning the waste into valuable products.
Some spent caustics requires more sophisticated treatment approach and in these cases we use our state of the art
patented technology OFR.
The following information show a case study done on different streams of spent caustics from a petrochemical company
in Jubail Industrial City. The purpose of the treatment is to:
•

Regenerate the Spent Caustic

•

And to recover valuable material.

This patented technology differs from other technologies in terms of cost, ease of operation, time required to set up the
treatment facility and on top of all it is a real environment friendly technology.

Introduction
Spent caustic is a waste industrial caustic solution that has become exhausted and is no longer useful (or spent). Spent
caustics are made of sodium hydroxide or potassium hydroxide, water, and contaminants. The contaminants have
consumed the majority of the sodium (or potassium) hydroxide and thus the caustic liquor is spent, for example, in one
common application H2S (gas) is scrubbed by the NaOH (aqueous) to form NaHS (aq) and H2O (l), thus consuming the
caustic.

Type of Spent Caustic
•

Ethylene spent caustic comes from the caustic scrubbing of cracked gas from an ethylene cracker. This liquor is
produced by a caustic scrubbing tower. Ethylene product gas is contaminated with H2S(g) and CO2(g), and those
contaminants are removed by absorption in the caustic scrubbing tower to produce NaHS(aq) and Na2CO3(aq).
The sodium hydroxide is consumed and the resulting wastewater (ethylene spent caustic) is contaminated with
the sulfides and carbonates and a small fraction of organic compounds.

•

Refinery spent caustic comes from multiple sources: the Merox processing of gasoline; the Merox processing of
kerosene/jet fuel; and the caustic scrubbing/Merox processing of LPG. In these streams sulfides and organic acids
are removed from the product streams into the caustic phase. The sodium hydroxide is consumed and the
resulting waste waters (cresylic for gasoline; naphthenic for kerosene/jet fuel; sulfidic for LPG -spent caustics)
are often mixed and called refinery spent caustic. This spent caustic is contaminated with sulfides, carbonates,
and in many cases a high fraction of heavy organic acids.
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Treatment Technologies
Spent caustics are malodorous wastewaters that are difficult to treat in conventional wastewater processes. Typically the
material is disposed of by high dilution with biotreatment, deep well injection, incineration, wet air oxidation, Humid
Peroxide Oxidation or other specialty processes. Most ethylene spent caustics are disposed of through wet air oxidation.

DADI Technology for Spent Caustic On line regeneration
Introduction
In one of the typical oil and gas plant, hydrocarbon feed stocks are cracked to manufacture products including ethylene
and propylene. The cracked gas from the cracking furnace is scrubbed in a caustic wash tower to remove carbon dioxide,
hydrogen sulfide, and other unwanted components prior to further processing in the plant's cold section. The spent
caustic is purged from the wash tower and is laden with sulfidic constituents plus organics such as condensed oils and
benzene as well as many other substances.
This spent caustic scrubbing liquor (spent caustic) is commonly the most problematic waste stream generated by any of
the oil and gas plant. This is due primarily to the sulfide concentrations High levels of sulfides can create odor and safety
problems when liberated as a gas. Operational problems associated with discharge to a plant's wastewater treatment
plant can also occur.
The most effective means for on-site treatment of spent caustic is DADI technology which can achieve the oxidation of
reactive sulfide to Sulfuric acid. This treated stream is then suitable for reuse as fresh water in the plant's water treatment
system. At the same time, Caustic Soda will reborn as feed to the caustic wash tower. DADI technology and it’s originally
from the Oxidation Reactor which is a proven technology currently being used by numerous plants worldwide.
The purposed design of a DADI system as it is applied on a full scale basis for spent caustic treatment for on-site reuse.
There are numerous design parameters, including space, temperature and pressure. The variations in spent caustic
characteristics and treatment objectives must be carefully considered prior to choosing the optimal design. These issues
can have a significant impact on the critical design parameters including the final effluent solution with various type
chemicals that suitable for onsite recovery, reuse and recycle.

Process Description
The method is provided that includes two side streams which is from the same source (spent caustic) to be use in the
system as the concentrate. The feed stream is fed from the source (spent caustic) and is the diluted stream after
treatment.
The method is embodied into a system that includes a cathode and anode with a DC power unit to generate an electrical
field. The catalytic bed system generates continuous chain reactivity with contact charge impact.
In a single system outlay, the method employs the use of high performance ion exchange membranes to allow control
ionic activities within the chambers of the unit.
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Detailed Description
DADI technology relate to the use of the methodology in the field of electro-membrane integration in making of a device
for the purpose of deionization. The unit functional purpose may be employed for deionization of seawater or reduction
in salinity levels including brackish water and other industrial waste water to a permissible level for domestic and
industrial use. Such unit can also be deployed to remove or reduce other charged or ionic impurities from any aqueous
form.
As used in the methodology, the electrical field generated between a pair of distance spaced conductive material. When
voltage is applied to the conductive material, electrical charges of equal current flow, opposite polarity build up on each
conductive side.
The unit houses the conductive material on the two sides. Two high performance ion exchange membranes with equal
distances are assimilated to form three distinct chambers within the unit. The unit includes an inlet from which a feed
liquid is supplied into the center chamber and an outlet which the feed liquid exit the unit. The feed may be channeled
into the chamber by means of external forces such as pumps, suction and gravity.
The unit also includes feed lines for the concentrate solution to enter the unit and exit lines for the discharge of the
concentrate.

Methodology of DADI for spent caustic on-site regeneration
The spent caustic exiting the middle chamber through its outlet will be lower than the inlet. The difference of COD, TOC,
TDS, oil and grease, Total Sulfide may differ in response to defined criteria such as conductivity, initial caustic strength,
reaction time, flow rate and the likes.
Multiple collections of the methodology designed units may be modulated to form a collective system in order to handle
mass volume of spent caustic. The levels of incoming parameters difference may be defined and measured by
appropriate sensors with desired control looping to a central controller. In such outlay the salinity of the output of one
unit will lower than its input. With a continuous system design
philosophy, the spent caustic will pass thru a collective of units before
final exit to the desired salinity.
The main feature of the DADI technology is to fill high effective nontoxically special materials, catalyst and other auxiliary between the main
electrodes. According to the type of pollutants and properties, specially
selected mixed media are packed in the compact-structured reactor.
When spent caustic with pollutants flows into middle chamber under
certain operating conditions, one or several kinds of primary flocculate
and oxidizing agents are produced. This generates physico-chemical
reactions, such as coagulation, flocculation, absorption, catalytic oxidodecomposition reaction that remove the pollutants rapidly. The
mechanism of the removal of the pollutants in the DADI is actually the
oxidation of hydroxyl radical (OH) which is yielded from H2O2 produced
in the treating process of the DADI. The DADI is highly effective in
removing organic and inorganic pollutants with low power consumption and low operating cost. The two side chambers
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of DADI Electrodialysis reaction process is an electrochemical separation process in which ions are transferred through
selective ion exchange membranes from one solution to another by means of a DC voltage supply by the same set of
electros. The process has been commercially used since the early 1960s. An electric current migrates dissolved salt ions,
including fluorides, nitrates and sulfates, through a DADI reactor consisting of alternating layers of cationic and anionic
ion exchange membranes.
Conclusion
Finally, the influent spent caustic will be divided into three different types of effluents, the cation (positively charged ion,
ie. NaOH) solution, the fresh water, and the anion (negatively charged ion ie. H2SO4) solution.
With full scale implementation of DADI technology for treatment of spent caustic, various design options can be
considered. Optimal system design should account for a number of factors including variation in spent caustic
characteristics and the level of treatment required prior to reuse the caustic. These variables have significant impact on
design and affect critical design parameters such as the type of Chemicals that can be reuse on-site such as Sulfuric acid.
A well designed system ensures that spent caustic is thoroughly treated regardless of plant feed stock and operational
variations.
The focus of any oil and gas plant should be manufacturing a product, not dealing with waste treatment difficulties. As
proven by full scale application, a properly designed DADI system provides effective, reliable, long term treatment of
spent caustic with zero discharge of waste and turning the waste into valuable products on-site.
The next pages share some information about Spent Caustics and the test conducted for the case study in Jubail. In the
attachment full details are included about Spent Caustics, their characteristics, sources, alternatives of treatments and
more.
Case Study
One of the petrochemical plants in Jubail industrial city have two streams of spent caustics from their operation. Currently
the company is having difficulty in disposing the spent caustic. Mainly they either incinerate the spent caustic or have a
third party handle it. One of the streams have valuable material in the spent caustic as a result of their process. Zirconium
and Aluminum is a main component in some of their catalyst and a considerable amount of these materials are washed
out with the spent caustic causing financial waste. The company was looking for a solution to handle their spent caustic
in more economical way without recovering any material. Our approach was to provide most economical output for our
client. This approach was to regenerate the spent caustics, thus save the cost for buying new caustics by more than 50%
in addition to recover mainly the Zr and sell it for high price and reduce the payback period of the project.
The Current stream of the Spent Caustics
The case study covers two streams of spent caustics
• Leaner Alfa Olefin (LAO) Spent Caustic
• Ethylene spent caustic
The LAO stream has Zr and Al among the contaminant which is stripped from the catalyst during the operation. The
requirement of this case study is to recover the Zr to sell it as a precious product.
All the samples were tested in an independent laboratory for both untreated and treated caustic.
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Samples Parameters
The following are the test results of the untreated samples as received from the client.
•

LAO Spent Caustic

Parameters

Mg/l

TOC

5210

COD

11600

TDS

324000

Oil & Grease

1.5

Sample was clear in color as the photo below:

Ethylene Spent Caustic
Parameters

Mg/l

TOC

5210

COD

11600

TDS

324000

Sulfide

1.5
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Sample was yellowish in color as the photo below:

Treatment Methodology
The samples were treated with DADI as follow:
The two samples of the spent caustics were treated using the DADI technology. This technology will be explained in
details later in this report.
The following diagram demonstrates the reaction that takes place in the DADI unit.
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Test Results
LAO Spent Caustic:
The LAO spent caustic was treated with DADI unit. The results are shown in the table below:
Chamber B
TOC
(mg/l)

COD (mg/l)

TDS (mg/l)

Oil &
Grease

Raw S. Caustic (LAO)

5210

11600

324000

13.1

After Treatment
Reduction %

449
91%

1410
88%

110000
66%

< 0.3
97.80%

Chamber A
Acidic
wt%

Chamber C
Alkaline
wt%

0.189

1.876

As shown from the above table that the reduction in all the parameters were high in addition new fresh caustic was
generated and an acid solution was generated as well that has industrial use. This technology ensures zero discharge and
turning the waste to a useful product.
Please note that the above process was a batch process. Further reduction in the parameters can be achieved when the
real continuous process is designed.
The sample after treatment with DADI is shown in the following photo:
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Ethylene Spent Caustic
The other sample of spent caustic was treated with the DADI technology as well. The results are shown in the following
table:
Chamber B

Raw Spent Caustic
After Treatment
Reduction %

TOC
(mg/l)

COD
(mg/l)

TDS
(mg/l)

Sulfide (S)

423
318
27%

1990
895
55%

67000
7870
88%

2680
< 0.1
99.99%

Chamber A
Acidic
HCL
H2So4
wt%
wt%

0.05

0.08

Chamber C
Alkaline
wt%

1.03

The alkalinity in of the raw spent caustic was 5.51 (wt %) before treatment and after treatment it reduces to 0.19. But
new fresh Caustic was forming in chamber C with high alkalinity. The A chamber form acids and mainly converting the
Sulfide to Sulfuric acid which can be further processed to produce valuable products.
Please note that the above process was a batch process. Further reduction in the parameters can be achieved when the
real continuous process is designed.
The sample after treatment with DADI is shown in the following photo:
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| RO Reject Reuse for DADI
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RO reject
In industrial settings, RO is often used to remove total dissolved salts (TDS) from industrial wastewater or treated
industrial wastewater and yield permeate with relatively low TDS concentrations.
While RO is an effective method for handling wastewater, what to do with the reject water (typically as much as 20-50%
of the RO feed water volume) can be an issue.
Specifically, the high salinity in RO reject can make it prohibitive for discharge to a local sewer facility. Hauling the
wastewater to a treatment facility can also be prohibitively expensive.
Future Resources has a great solutions for desalination and RO reject water with DADI Technology.
The Desalination Operating Principles
• Separate part of the ion from the Electrolyte solution. And
decrease the concentration of the raw water.
• Transfer part of the electrolyte ion to another solution
system.
• Remove electrolyte ion from the organic solution.
• And Produce fresh water, Acid & alkalis, and it controls the
TDS.

The advantages of the desalination system:
•

Less energy consumption and the economic benefit is remarkable

•

Apparatus design and system application agile

•

No polluting of the environment

•

Very robust system and long
operational life

•

High recovery of the raw water

TDS
Description

Sample 1

Sample 2

Sample 3

RO Reject

Befor Treatment

47300

37000

40600

19200

After Treatment

176.7

337

607

1600

TDS Reduction %

99.83%

99.08%

98.50%

91.66%

Treatment Hours

42

30

43

8

Current (start - End)

4 - 0.5

5.2 - 0.9

2.5 - 0.2

5 - 0.5

Voltage

24

24

24

24
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Future Resources Patent
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Patents List

Serial

1
2
3
4
5
6

Patent Name

DADI Desalination Device
DHR device
Labyrinth Clarifier
SHR
Spent Caustic
Trans-DADI

APPLICATION NO.

24313
24312
25037
25043
25045
25046
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