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The advantages of Coriolis mass flow measurement are numer-
ous – and case studies from diverse industries such as medical, 
beverage and petroleum – illustrate this point.

1 In the medical industry

The Sanofi factory in Tours, France, manufactures medicines. In 
2009, the company wanted to redesign the distribution network for 
the alcohol used as an ingredient in its preparations, to reduce tank 
handling and transfer operations to a minimum. These investments 
also concerned three metering lines for ethanol in the granulation 
phase in the ATEX area. Two options were available - the first was a 
proven weight-based metering system already installed on the site 
or alternatively installing a Coriolis flowmeter.

Simple, accurate metering

On the Tours site, the installation of a weight-based metering system 
required complex and costly civil engineering work. In addition, the 
use of scales necessitated long and expensive cleaning procedures. 
For these two reasons, a metering solution using a Coriolis flowmeter 
was seriously considered by Sanofi. However, the issue of accuracy 
needed confirmation: The metering solution using a flowmeter pro-
posed by Endress+Hauser met our requirements and our desire for an 
easy-to-use system – but they had doubts about the level of accuracy 
and asked for a guarantee in terms of accuracy.
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Versatile Coriolis flow meters provide solutions across industry – solutions which are accurate and reliable.

Tests validate the calculation of uncertainty

Necessary uncertainty calculations to guarantee the accuracy required 
by the customer were tested. In real terms, accuracy depends on 
the stability of the flow and the pressure upstream of the metering 
system. In the proposed solution, each metering line is equipped 
with a pressure controller so the user can see whether the metering 
conditions are optimal.

Table 1 shows an example of accuracy for all the metering com-
ponents, taking into account the uncertainty of the flowmeter, the 
metering time and the valve closure time (overrun value). 

The actual accuracy of 0,14% was verified at the performance 
qualification stage. A test was also added during operational quali-
fication to demonstrate that replacing the flowmeter had no effect 
on performance.

Mass 
flow 

(kg/h)

Uncertainty
Promass 

83P

Reproduc-
ibility

Promass 83P

Metering 
time for 
140 kg

Valve closure 
time repro-
ducibility

600 0,21% 0,104% 840 s 0,011 s

1 200 0,15% 0,077% 420 s 0,022 s

1 800 0,14% 0,058% 280 s 0,035 s

2 400 0,13% 0,053% 210 s 0,044 s

Table 1: Example of accuracy.
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Note 1: Reproducibility of 100 ms valve closure, considered for an 
unfavourable case
Note 2: Error caused by the metering PLC being disregarded, pulse 
weight 0,001 kg

Following two years of operating experience, Sanofi was satisfied. 
The results in terms of accuracy had matched their expectations. In 
real terms, the new alcohol distribution network connected to the 
metering system using Coriolis flowmeters gave the company a 
one-hour increase in productivity and the simplicity of the solution 
had been confirmed during use.

Quality Assurance of metering operations

GMP (Good Manufacturing Practice) requires all the components 
in a finished product to be traceable. The important batch data is 
guaranteed, and batch tickets are printed automatically:
• Report and saving: After metering, the batch result is automatically 

saved in the memory and printed on a ticket. This result contains 
the batch parameters that correspond to the chosen recipe.

• Automatic printing: After each metering operation, a ticket is 
printed automatically by the printer connected to the panel. A 
batch ticket can be reprinted if it is saved in the memory. A single 
ticket can be reprinted at the same time.

• Security: The development software can be used to manage user’s 
specific to the application. User authorisation allows access to 
pages and functions by users or user groups to be managed. The 
start page is accessible to everyone. To access the other pages, 
users must log in with the appropriate rights. The default user is 
a ‘guest’ user who can only browse within views.

After each metering operation, the batch ticket is automatically 
printed, and contains essential information such as the name of the 
operator, the metered quantity, the batch number and the date and 
time. This data is also saved to guarantee perfect traceability in ac-
cordance with good manufacturing practice. Access to the various 
views can be managed by access profile. The ‘audit trail’ function 
integrated in the display software gives access to data critical to the 
process in order to allow any non-conformity to be investigated. The 

user can view system operating curves in order to carry out preven-
tive maintenance.

Turnkey solution

The comprehensive package enabled targeted performance to be 
achieved and maintained over time in line with good manufacturing 
practices:
• Engineering service with development of the metering system 

PLC integration software
• Provision of the complete metering system: Coriolis flowmeter, 

pressure sensor, valve, command control system, human/ma-
chine interface and printer

• Provision of complete documentation (URS, FS, DS,HDS, SDS, 
protocols and IQ/OQ report)

• Implementation of IQ/OQ qualification (and commitment concern-
ing accuracy during QP)

• Commissioning
• Calibration
• Annual maintenance and calibration of pressure sensors and 

flowmeters. The interval has been estimated based on the process 
conditions

• Project management

2 In the beverage industry
Used as a hydrometer scale for sugar solutions, the °Brix scale repre-
sents the percentage of dissolved sugar by weight in a solution at a 
specific temperature. In the beverage industry, control of °Brix affects 
the cost, taste, and quality of the drink product. 

Rather than a batching system utilising mix tank and intermediate 
hold tanks, today’s beverage manufacturers often prefer to blend the 
concentrates with water and salvage or rework using a continuous in-
line blending system. For carbonated drinks, carbon dioxide is added 
to fulfil the necessary amount of carbonation for the end product. 

Continuous blending systems are often built on skids to conserve 
space and provide a total solution to the beverage processor. The 
beverage processor provides the raw ingredients for the skid to ac-
complish the blending tasks. For the continuous blending system to 
function properly, level, flow rates, °Brix, and temperature must all be 
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accurately measured and controlled. Use of feed forward control or 
feed forward control with feedback trim determines whether a mass 
flow meter is used on the concentrate line and the final product line 
to achieve the required °Brix control of the final blended product. On 
the concentrate line, a mass flow meter’s density reading allows for 
the compensation of changing sugar concentration due to stratifica-
tion in the concentrate tank. On the final product line, the mass flow 
meter’s density measurement acts as the feedback trim control to the 
water flow rate required to maintain the final product °Brix control.

 Salvage or rework is often an ingredient stream to the continu-
ous concentrate blender. Rework or salvage can be incorporated into 
blended product as a specific, maximum percentage of the final blend. 
The mass and density signals from the Promass F flow meter are 
utilised within the blending algorithm to decrease the sugar addition 
necessary from the concentrate stream.

 The quantity of concentrate blended affects the °Brix measurement 
in the final blended product. For every 1 000 gallons of final product, an 
additional 1% of °Brix over the minimum allowed value could result in a 
loss of more than $100. In addition, if the °Brix value does not meet the 
final product minimum required value, the product must be reworked. 
The accurate control of °Brix in the final blended product is a critical 
component in product quality, as well as product cost.

The final blended product is often sent to the balance tank of a 
continuous pasteuriser. The pasteuriser balance tank level becomes 
the master demand rate for the continuous blending system. As the 
balance tank level decreases, blended product flow rate will increase; 
as the balance tank level increases, the blended product flow rate will 
decrease. In many concentration blending systems, the rate of final 
blend is based on the ability of the slowest component stream to 
maintain the proper blended ratio. Basing the total blend demand rate 
on the availability of component stream flow rates is called ‘pacing’. 

Many applications in the beverage industry can be successfully 
monitored with the Promass 83 instruments. The high accuracy and 
immunity to outside vibrations make the Promass the perfect choice 
where the following measurements are required:
• Mass flow % mass flow
• Density % volume flow
• Temperature standard density
• Volumetric flow % alcohol
• Standard volume flow °Brix
• Target flow rates °Balling
• Carrier flow rates

 

3 In the petroleum industry

Shell required a new loading bay for bulk finished products, mainly 
hydraulic and engine oils. The main objectives in constructing the 
new bay were to increase loading efficiency and move away from 
traditional 'top loading' of the tankers to the more safety-conscious 
'bottom loading' method.

Solution

The use of 10 Promass 83F Coriolis mass flowmeters with a Profibus 
DP communication network was suggested. By using the Profibus 
system, a wealth of additional application information is made 
available, such as density and temperature data, and cabling and 
I/O requirements are significantly reduced. As Shell load tankers by 
volume (litres), density is a key factor as it changes with temperature. 
Promass Coriolis meters were installed as they offer accurate and 
reliable density measurement and feature a self-monitoring 'health 
check' for optimum performance. What is more, the flowmeters are 
secure and tamper-proof and account for all product transfers from 
the storage tanks, allowing seamless integration into Shell's inven-
tory control system. 

Shell Lubricant Centre at Stanlow in Ellesmere Port produces a 
wide range of lubricants such as motor oil, aviation turbine oil, cutting 
fluids and soluble oil. Worldwide, Shell supplies and distributes more 
than 700 grades of lubricant and 1 500 brand packs, to a multitude of 
customers, from local garages and farmers to large industrial plants.

Benefits

The main benefit of Shell's new loading system is that it supports 
driver-initiated loading. This meets the increased efficiency objective, 
as drivers no longer have to wait for manual link-up to the pumps. The 
driver simply enters a load number into a computer panel and order 
details are automatically requested. The driver's load number is then 
validated and the details are sent for automatic loading eg load quan-
tity and lubricant grade etc. This automatic loading cuts out manual 
involvement and therefore increases process security incorrect opera-
tion is eliminated, as the pumps will not dispense if the information 
is not valid. Furthermore, time and money is saved as driver-initiated 
loading streamlines the number of steps involved by 50%!

Driver-initiated loading at Shell Lubricants

Driver-initiated loading has proved a real benefit all round. All the data 
provided by the Profibus network, such as diagnostic information, 
has helped them maintain smooth operation and system integrity 
and the Promass flowmeters are low maintenance, accurate, secure 
and user-friendly.
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