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Introduction
Case studies describe temporary cooling solutions for effluent waste water,
process water discharge and process fluids in hot summer weather conditions.
Massimo Capra, Aggreko Process Services, Europe
Discharge temperature of waste water streams to be
treated biologically as well as streams to be disposed
of into rivers or sea water may present a challenge
during hot summer weather conditions. A maximum
temperature of 34°C (93°F) is generally considered
the limit for the proper activity of biomasses in
removing biochemical oxygen demand (BOD) load.
This temperature is also a mandatory limit defined
by many local regulations as the maximum waste
water disposal temperature generally allowed from
industrial activities. In other instances, profitability
objectives drive the onus on cooling process fluids to
below compliance levels.

In every case, high ambient temperatures limit
cooling efficiency of existing heat transfer assets,
compelling the need for quickly developing an
efficient cooling solution. For example, 34°C
seems to be a rather high temperature for waste
water discharge streams, posing serious efficiency
and compliance challenges in summer periods.
Consequences for not complying may range
from simple warnings from local authorities that is
accompanied by the issuing of a commitment to
modify the process by a set date, or to more serious
consequences including complete closure of the
activity generating BOD and/or thermal pollution.

Case study 1)
Desalter effluent water
Crude oil desalting is generally performed at 140°C (284°F).
After pre-heating the oil some amount of water is injected into
the desalter to extract salts contained in the oil, preventing
introduction of chlorides in the crude distillation unit (CDU),
which can lead to extensive corrosion of the top condensers.
Due to the refinery’s compact design and the need to
keep the internal roads open in the event of an emergency
response, the only option was to cool the oily process water
accumulating in a large storage tank.
The desalter effluent was the major contributor in terms of
BOD and thermal load. A flow rate of 200 m3/h at a variable
temperature between 55°C (131°F) and 73°C (163°F) had
to be cooled down to 34°C to allow oil flotation at the API
separator, followed by biological treatment and disposal to
the sea. The 9 MW thermal application has been implemented
using basket filters, plate heat exchangers resistant to
corrosion (titanium plates) and plate gaps ensuring the free
flow of water-oil mixture contaminated with dissolved and nondissolved salts. Summer temperatures and non-availability of
cooling water compounded the challenge.
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As the maximum air wet bulb temperature was rarely above
24°C (75°F) a combination of compact mobile cooling
towers in closed loop with titanium plate heat exchangers
was the most logical choice. Remote monitoring of the heat
exchanger’s pressure drop and temperature completed the
temporary solution as waste water effluent temperature had
to be regularly monitored. The operational feedback provided
alerts as to when periodic back-flushing of the exchangers
became necessary. The automated solution also provided
control of the water make-up and blow-down, as well as the
biocide injection to avoid the legionella risk.
For four consecutive summers the refinery managed to
comply with all local authorities’ environmental inspections.
Furthermore, the solution was managed to achieve
compliance with internal environmental rules as no oil
spillage occurred.
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Case study 2)
Process water and sea water treatment
Coastal refineries must face the problem of treating process water as well as sea water from tanker loading
and unloading operations. Physical and chemical treatment of oily water involving separation, filtration, PH
adjustment and biological treatment are a must. Instead of direct disposal to sea some refineries still use
treated water in their cooling circuits.
Three applications had to be addressed
simultaneously, including:
• 500 m3/h at 40°C (104°F) for the new biological treatment
• 300 m3/h at 39°C (102°F)for the old biological treatment
•	400 m3/h of sea water at 39°C after the physical-chemical treatments.
Available space to deploy equipment posed the first challenge, with the second being electrical area
classification. While the first two applications consisted of compact and mobile cooling towers providing
refrigeration after filtration, the sea water refrigeration was performed with two small cooling towers
manufactured entirely of plastic to resist sea water corrosion.

Figure 2 Temperature and humidity trends

The common objective was to provide cooling below 34°C, the total cooling power supplied consisted
of 11.2 MW. An additional challenge was the supply of the required electrical power to operate the three
separate solutions totalling 420 kW, a mobile diesel generator was deployed as an alternative to the refinery
medium voltage supply supported by a mobile transformer. The three solutions operated in manual mode and
were constantly monitored by facility personnel.
For the second consecutive summer the refinery managed to comply with local environmental inspections,
as shown in the following diagram and table.
Relative humidity (%)

Inlet temperature
water waste (ºC)

Outlet temperature
water waste (ºC)

Average

55.89

37.57

28.99

Std Dev

11.57

1.37

1.81

Median

54.00

37.66

29.17

Max

96.89

40.09

31.98

Min

34.76

33.79

23.20
Table 1 Statistical data
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Case study 3)
Dilbit cooling vs planned throughputs
In addition to the water based effluent cooling
challenges discussed in the two previous case
studies, excessively high process fluid temperatures
can affect operations, disrupting throughput
and other design parameters. This is where the
industry can benefit from the efficient design, rapid
installation and operation of a temporary cooling
system for process fluids and product intermediates
approaching design temperature limits. Similar
to water-based effluents, maintaining regulated
temperatures for various process effluents can be
a challenge during the summer. In many cases,
the higher temperature of cooling water employed
to keep processed intermediates in compliance
coincides when market demand for refinery and
petrochemical products are at their highest.
The operator then faces a choice: either try to
reduce the cooling water temperature and discharge
streams or reduce production through de-rates.
A de-rate at any plant leads to lost profit
opportunities unless a cost effective temporary
solution can be quickly implemented without capital
exposure, which is what large one resource resilient
energy company was facing. High temperatures at
this company’s tank farm facility located near its
main operations north of Fort McMurray, Alberta
increased the risk of being unable to adequately
cool diluted bitumen (dilbit) below the required
temperature needed to avoid flashing of light
end vapors.
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The tank farm provides cooling and blending of hot
bitumen to produce dilbit for the company’s refining
customers in Canada and the U.S. However, without
the capability to adequately cool dilbit at planned
throughputs, the possibility of not being able to
supply downstream processors with agreed upon
tenders of dilbit became apparent. A solution was
required in a short period of time.
The initial scoping phase for dilbit cooling at this
facility involved the first basis of design, modelling
conditions, simulating potential solutions,
determination and evaluation of possible solutions,
and cost estimates. In this case the resulting study
was delivered in just three days. The second phase
of the scoping study confirmed the design basis,
produced a process description, utility requirement,
system sketch, system layout, system/equipment
operation and maintenance, possible instillation
issues, along with all supporting calculations and
cost estimates.
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Cooling scope
In summary, in close collaboration with company
engineers the following scope to the dilbit cooling
challenge was developed:
•	Preparation of the conceptual process design of
the trim cooling circuit, including the thermal and
hydraulic models
•	Determining and defining the mechanical and
electrical process requirements of the project
defining the utility needs
•	Preparing the process control philosophy,
including piping and instrument diagrams
•	Developing a conceptual layout, based on
Aggreko’s determination of what equipment
would be necessary to accomplish the task
•	Providing the equipment and associated
documentation in detail sufficient to permit
detailed design.
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Upon completion and approval of these bespoke
tasks, detailed engineering could commence.
The company made the decision to have the
project designed and installed to a standard that
would permit potentially long-term use in a plant
environment. An important aspect of this decision
was that the solution would be hard-piped. The dilbit
processor therefore contracted a Canadian EPCM
firm to undertake the complex project, and work
closely with process requirements as the basis to
perform the detailed engineering.
In addition to the technical support and project
management, Aggreko supplied a team for both
the mechanical and electrical concept. This was
necessary due to those work segments proceeding
in separate parallel paths. Throughout the project,
the company arranged to have a construction
group provide construction and installation services.
With the 4,000 tons of cooling and 6 MW of power
generation in place, 192,000 bpd of dilbit was
cooled from 134°F to below 100°F.

Conclusion

About Aggreko Process Services

As evident in the case studies discussed, the variety of
equipment selected for performing cooling often plays
a fundamental role in engineering the most energetically
convenient solution involving large temporary cooling power
applications with minimal energy consumption. Furthermore,
the automatic controls implemented with these applications
allowed full monitoring of all working variables and cold waste
water temperature.

APS has provided full-service rental solutions to the
refining and petrochemical industries for over 25 years.
Beyond equipment rentals, APS employs teams of
highly credentialed chemical, mechanical, and electrical
engineers that design complete, packaged engineering
solutions for emergency, process improvement, or
debottlenecking purposes. Projects are implemented
on very short schedules — days or weeks — and have
been shown to increase throughput while reducing
turnaround times and costs. APS’s benefit to cost
ratios of between 5:1 - 40:1 are some of the very best
in the industry.

Temporary cooling applied to waste water (Case 1) and
process water discharge systems (Case 2) may not reveal
clear and computable added values, but the difference in
complying/non-complying with local environmental regulations
may nonetheless lead to the shut-down of waste water
treatment and consequent termination of site operations.
In other instances, such as with the Canadian dilbit
producer challenged with meeting contractual obligations for
downstream processors (Case 3), the ability to quickly and
cost-effectively develop a complex cooling solution was made
possible without interruption in throughput, making diluted
bitumen competitive with other refinery feedstocks.
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