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Introduction 
 
There are many different components that 
comprise what a flow computer is as well as its 
capabilities.  There are also many different 
manufacturers of flow computers today. 
 
This paper will focus on the fundamentals of a 
flow computer without delving into too much 
detail in any one area.  The intent is to provide 
the reader with the many aspects of a flow 
computer system and provide enough 
information that allows for research in greater 
detail. 
 
Brief History of Flow Computers 
 
The concept of flow control can be dated to 
ancient times and has its roots in irrigation.  
However, a more sophisticated form of flow 
control (which encompassed custody transfer) 
was created by the Roman Empire.  Although 
there are examples of earlier civilizations 
employing aqueducts, the Romans are credited as 
the “greatest aqueduct builders of the ancient 
world.”  They used the aqueducts to control 
water distribution and controlled the flow of 
water to private consumers through a calix (or 
nozzle) using the pipe ID to calculate volume and 
assess the water tax. 
 
 
 
 

 

       
 
 
 
In more modern times, when gasoline was first 
being dispensed, it was done so by meters with 
totalizers. Some consumers would buy it early in  
the morning, because they found that when the 
temperature was cooler they were able to receive 
more for their money because the density of the 
gasoline varied with temperature. There wasn’t a 
standard way in which a seller and purchaser 
could agree on accurate quantities transferred and 
there were no standards that accounted for these 
types of variations.  The AGA (American Gas 
Association), API (American Petroleum Institute) 
and the ISO (International Standards 
Organization) have since developed custody 
transfer requirements that address this problem 
and others like it. 
 
Chart recorders were one of the earliest devices 
developed for flow measurement to account for 
temperature, static pressure, and differential 
pressure. This method required that the data be 
manually interpreted and flow calculations be 
performed using an algorithm and applicable 
product characteristics such as density. 

 
Following the chart recorders, the modern 
Electronic Flow Computer was born. A Flow 
Computer is defined under API 21.1 as “an 
arithmetic processing unit and associated-
memory device that accepts electronically 
converted signals representing input variables 
from a gas measurement system and performs 
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calculations for the purpose of providing flow 
rate and total quantity data”. 
 
To further expound on the Fundamentals of an 
Electronic Flow Computer System the following 
topics will be addressed. 

 
• Custody Transfer Measurement 
• Allocation Measurement 
• Internal & External Customer Needs 
• Flow Computer System Components 
• Principals of Flow Computer Operation 
• General Considerations when designing a 

new Electronic Flow Computer System 
 

Custody Transfer Measurement 
 
Custody transfer is defined by Wikipedia as 
“transactions involving transporting physical 
substance from one operator to another”.  This 
is often referred to as the “cash register” 
because this is the measurement used to 
determine the amount of money that will 
exchange hands.  Whenever custody transfer 
takes place, it involves both parties accepting 
the method and end device(s) used.  Calculation 
standards for custody transfer vary based on 
type of product being measured, the type of 
primary metering device being employed, 
whether onshore or offshore, etc.   
 
As noted previously, API, AGA, and ISO have 
extensive recommended best practices 
published for the Oil and Gas community to use.  
These recommended practices have essentially 
been adopted as “standards” by most regulatory 
agencies as well as end users.  Because of the 
extensiveness of these recommended practices 
and the amount of time necessary to adequately 
define them, they will simply be mentioned here 
and the reader encouraged to research them. 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

Fig. I  Custody Transfer  may happen via a metering skid 
(as shown above) or could consist of a simple orifice meter 

run. 
 
 
Allocation Measurement 
 
In addition to Custody Transfer Measurement, 
there is another term commonly used to refer to 
some types of measurement; that is Allocation.  
Typically, this is not a point of sale but rather a 
way of attributing the measured flow back to its 
point of origin versus its point of gathering 
(when changing ownership). 
 
Internal & External Customer Needs 
 
In general, external customer needs are met in 
part by applying Custody Transfer 
recommendations and internal customer needs 
are met through the application of Allocation 
Measurement practices. 
 
There may be needs that aren’t met by applying 
these recommendations alone.  There could be 
control or safety requirements that must be 
accounted for as well.  Although duplicating 
past installations may suffice in most cases, it is 
a good idea to stop and ask the appropriate 
people impacted by the measurement or control 
functions if special requirements must be 
applied.  Regulations, emerging technologies, 
new personnel coming on-board, and 
acquisitions are all opportunities to revisit the 
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current practices surrounding flow computer 
selection and implementation. 
 
Principles of Flow Computer Operation 
 
Flow Computers can perform many functions 
besides accurate gas calculations.  These 
functions include: 

• Measurement 
• Control 
• Perform AGA/API/ISO algorithm 

calculations 
• Data Archival 
• Audit and Reporting 
• Communications 

 
Measurement 
 
Measurement can encompass various types of 
inputs representing flow, pressure, temperature, 
and level. The most common input types are: 
 
Analog Inputs are typically 4-20 mA or 1-5 V 
DC inputs.  These may be used for measurements 
such as temperature, pressure and differential 
pressure (representing flow).  These same 
parameters may also be represented by a digital 
signal and may be inputs via Modbus or other 
proprietary input type. 
 
Resistance Temperature Device or RTD inputs 
are used to measure temperature. The RTD is 
made of a metal or alloy whose resistance 
changes as temperature changes.  By applying a 
small but constant current to the RTD and 
measuring the voltage (in mV), the resistance of 
the RTD can be determined and compared to a 
known table of temperature values.  The most 
linear and repeatable metal used for RTD’s is 
platinum.  Typically, a RTD is placed in a 
thermowell that may be inserted into a pipe or 
vessel to measure the temperature of the product. 
 

Thermocouples are similar to RTD’s in that they 
are also used to measure temperature.  Instead of 
measuring the voltage drop and calculating the 
resistance, a millivolt level of voltage is 
measured.  This voltage is generated when two 
adjoined conductors of different material alloys 
are heated up.  This voltage is directly related to 
this temperature that is heating the metals. 
 
Discrete Inputs read the current state of a two-
position device such as On/Off or High/Low. 
Some examples include pump, motor, or 
compressor run status or a tank high or low level. 
 
Pulse Inputs typically connect to a turbine or 
coriolis meter.  For a turbine meter a count is 
generated for the number of times the turbine 
meter blades pass the integrated “pickup”. Each 
revolution of the blades equates to a certain 
volume of flow.  This value is the raw flow and 
is considered an uncorrected flow value. 

 

           
Fig. II  Typical turbine meter showing magnetic pickup that 

generates the pulses.  These pulses represent volumetric 
flow based on the manufacture’s meter data for the volume 

measured per revolution of the rotor. 
 

Common output types are Discrete and Analog.  
Discrete Outputs are used to control dual state 
devices. Some examples are solenoid valves, 
motor starters, relays, or pumps. 
 
Analog Outputs can be used for speed 
adjustments, flow control through valve 
positioning, and other devices that receive a 4-20 
mA control signal.  
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Control 
 
Some Flow Computers are able to initiate control 
of field devices using integrated PID algorithms 
or advanced programming languages as defined 
by IEC 61131-3.  In addition, they may have the 
ability to run precompiled programs loaded in the 
CPU for different purposes such as well control 
or tank management. 
 
AGA/API/ISO Algorithm Calculations 
 
The flow computer implements the 
AGA/API/ISO algorithms using signals from 
flow meters, pressure, temperature, and density 
devices to be used as raw input data.  These raw 
data  are adjusted to “standard conditions” as 
long as proper “reference conditions” are 
recorded. Standard conditions are designed to 
remove the environmental factors and effects 
impacting the physical state of the product being 
measured.  By applying known correction factors 
this allows flow measurement to be related to 
back to “standard” conditions.  
 
The base conditions for measurement in the 
United States for gases are (though the natural 
gas contract may specify other values to be used): 
 

• Temperature: 60.0 Degrees Fahrenheit or 
15.56 Degrees Celsius 

• Pressure: 14.696 psia or 101.325 
kilopascals 

 
Unfortunately, “standard conditions” can vary 
from organization to organization.  Be sure you 
know what your company is using when applying 
them to your flow computer system. 
 
Data Archival 

Flow computers have the capability to store data 
internally in history files, databases, and/or logs. 
API 21.1 details information (like metering 
calculations) that is required to be available 

locally during custody transfer. The data that is 
required, but not limited to, is: 

• Hourly Average values for temperature, 
pressure and differential pressure. 

• Relative Density, energy content, 
composition and any other data needed 
for calculation 

• A minimum of hourly quantity totals 
• Date and time stamps on all averages and 

totals 
• Total quantity accumulated during each 

contract hour 
• Meter run reference diameter 
• Orifice ID 
• Calibrated span of pressure, differential 

pressure and temperature devices 
• Instantaneous readings for pressure, 

differential pressure, temperature, flow 
rate, accumulated quantity and any 
current error or alarm condition 

 
Audit and Reporting Requirements 
 
The Electronic Gas Measurement system has, 
pursuant to API 21.1.6, specific Audit and 
Reporting Requirements. The requirements 
specify that an EGM system must be able to 
establish an Audit Trail by compiling and storing 
enough data to verify hourly and daily quantities. 
The Audit Trail must have at a minimum, 
Transaction Records, Configuration Logs, Event 
Logs, Corrected Transaction Records and Field 
Test Reports. The mathematical algorithm used 
by the measurement system during calculation 
must also be easily identified.  
 
Communications 
 
Is a local display required or will the data be 
processed elsewhere?  If elsewhere, how are you 
going to get the data from the flow computer?  
Many Flow Computers have the capability of 
two way communications from remote areas to 
a Host or Supervisory Control and Data 
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Acquisition (SCADA) system. The Flow 
Computer would, in this instance, be the 
Remote Telemetry Unit or RTU. In a SCADA 
system scenario, the RTU would transmit and 
receive information through radio, modem, 
satellite, or hardwire. This allows users to 
remotely access the RTU in order to view data, 
change control parameters, obtain reports for 
billing, initiate Emergency Shut Downs, and 
other activities. 
 

                 
 

Fig. III  Wireless communications can be simple or 
complex, directly tied to field I/O, or pass through a flow 

computer.  For effective communications, a complete 
study should be conducted to ensure proper operation of 

components and reliable, repeatable comms. 
Each communication method has different 
operating limitations that should be explored. 
Some important considerations are availability, 
reliability and connection speed. 
 
 
Flow Computer System Components 
 
The Flow Computer is one of the components 
that make up a complete “Electronic Gas 
Measurement System” or EGM. The elements 
of an EGM as defined under API MPMS 21.1.2 
are the: 

• Primary Device 
• Secondary Device 
• Tertiary Device 

 
The Primary device is the type of meter being 
used to measure gas.  A typical primary device 

may be a differential pressure (orifice plate), 
turbine, coriolis or ultrasonic flow meter.  There 
are other types of acceptable meters used in the 
industry today but these are the more common 
types implemented. 
 
The Secondary devices are used for measuring 
variables such as pressure, density, and 
temperature.  These devices serve to compensate 
the raw gas flow measured by the Primary 
device.  This allows the owner of the meter to 
account for variations in flow measurement due 
to environmental factors – mostly temperature 
and pressure. 
 
The Tertiary device is the electronic Flow 
Computer that receives signals from the Primary 
and Secondary devices and, using that 
information, calculates flow based upon 
AGA/API mathematical algorithms.  Other 
functions/requirements of flow computers today 
are discussed below.  
 
General Considerations When Designing a 
New Electronic Flow Computer System 
 
When the decision is made to install a Flow 
Computer, there are many important 
considerations that should be evaluated prior to 
making a final decision on which one to install. 
First and foremost is the application for the flow 
computer. 
 
Is this custody transfer or allocation of measured 
product?  Although for some producers, whether 
the installation is for custody transfer or 
allocation, they treat the measurement the same 
per the API/AGA recommended practices.  
Either way, is should be established upfront 
whether the installation will be custody transfer 
or allocation. 
 
Other considerations that will be covered in this 
paper are: 
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• Product Type 
• Ease of Use 
• Versatility 
• Location and Environmental  
• Control and Measurement Needs 
• Customer Service and Technical Support 

 
Product Type 
 
The product type will need to be determined. Is 
the product that is going to be measured a liquid 
or a gas or both? The minimum and maximum 
pressures and flow rates are important. Liquid 
hydrocarbons and natural gas have different 
algorithms required for measurement. If the flow 
computer will be conducting internal 
calculations, it must have the appropriate 
AGA/API/ ISO algorithms internally 
programmed.   
 
Some of the available flow measurement 
standards are:  
 
AGA3-92, ISO5167-98, ISO5167-2003 Orifice 
Gas Measurement 
AGA7-96, ISO9551-93 Turbine Gas 
Measurement 
AGA8-94, Super Compressibility calculation  
AGA11-2003, ISO10790-2003 Coriolus Gas 
Measurement 
API 12-95, ISO5167-98, ISO10790-1999 Liquids 
Measurement 
 
Ease of Use 
 
A Flow Computer’s simplicity in use range from 
moderately simple to highly complicated. It is 
important to consider the technicians responsible 
for day to day servicing and operations. Some 
Flow Computers have a windows based interface 
that allows for simple “click and select” to 
configure, while others require individuals with a 
sophisticated programming background. Each 
one has its own positive and negative aspects. 

With Flow Computers that are configurable, 
training costs should be much lower than those of 
the more complicated design.  Also, the level of 
internal experience can generally be less with a 
configurable system versus a programmable 
system.  A system that primarily requires 
programming to setup and utilize, does allow the 
end user to apply more complex and customized 
control, however. 
 
Versatility  
 
When thinking about the versatility of a Flow 
Computer, some questions come to mind. At 
some point will the needs of your organization 
change? Is it possible that the Flow Computer 
may at some point, need to be reconfigured to 
perform a different operation? While it is easy to 
assume that the current needs may not change, 
explore the possibility. If you are going to be 
measuring natural gas today, but there’s the 
possibility of using the device to measure liquids 
or some other flow stream, it would be good to 
find a system that is fully capable of meeting 
your measurement needs today as well as 
tomorrow.  
 
Some Flow Computers are designed for only one 
purpose, while others are designed to support 
multiple needs. It is also important, if you have 
multiple streams of flow in one geographical 
area, it would be prudent to consider whether a 
multi-stream or multiple single stream devices 
should be used.  

 
Location and Environmental 
 
There are many physical considerations to take 
into account when selecting a flow computer and 
all must be consider to ensure the best 
implementation possible. 
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Reliability 
 
Flow computers are subject to various 
environmental conditions that can affect the 
accuracy and performance of measurement. A 
change in temperature, whether high or low can 
have a major effect on system wide measurement 
accuracy. API MPMS 21.1 “Ambient 
Temperature Effect” states “operating 
temperature range and its corresponding effect 
on measurement uncertainty (that is, percent full 
scale / degrees temperature change from 
reference) should be listed in the manufacturers 
performance specifications and should be 
considered when selecting and installing EGM 
equipment”.  
 
 
Accessibility  

 
Some installations can be very remote and 
difficult to reach year round. It is important to 
enclose the device in such a way as to provide the 
maximum amount of protection from weather, 
condensation, wildlife and any other element that 
can cause damage or interrupt operations.  This 
must be accomplished without interfering too 
extensively on the ability to maintain the unit. 
 
Overall reliability of the unit to perform during 
brief periods of physical inaccessibility should 
also be considered. 
 
Security  
 
Security of the device and its data is crucial. The 
system must have measures that will prevent 
unauthorized access.  This is to prevent unwanted 
changes to measurement variables. This can be 
achieved by setting up a database of users.  It is 
recommended that anybody that has been granted 
access, be given a unique, personal password for 
accountability and identification. 
 

A company’s IT Department has its own 
concerns in regards to security.  Many flow 
computers are now connected to the company’s 
network and this creates concerns of an “open 
door” for the outside world to gain unauthorized 
access to the internal IT network.  There needs to 
be a balance, however.  Risk versus probability 
must be considered or a company’s own security 
policies could greatly hinder their ability to 
provide required measurement or control data. 
 
Power Requirements 
 
System power requirements need to be 
established during the selection process. 
Adequate power should be available to meet 
current supply requirements and expandable to 
meet future needs. For remote locations, it is 
most likely that solar power will be utilized.  In 
order to minimize costs and size of the solar 
array, a good understanding of total system load 
is a must.  Understanding the geographical area is 
also crucial to proper sizing. 

       
 

Figure IV:  Maps like shown above show the amount of 
solar energy in hours, received each day on an optimally 

tilted surface during the worst month of the year. 
 
If purchase power is available, that could change 
the equipment installed and the design of the 
Electronic Flow Computer system.  That is, there 
are potentially less restrictions to what can and 
cannot be installed as it relates to power 
consumption.  Having purchase power available 
doesn’t automatically mean that simple still isn’t 
the best solution.  Regardless of the available 
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power system, be sure to develop justification for 
what is and is not included in your design. 
 
Regulatory 
 
All elements of the system must comply with all 
applicable National Electric Code rules and 
regulations governing classification, division, 
and wiring.  Each company has responsibility to 
define the classification of the areas based on 
product and potential for exposure.  These 
classifications change what products can be used 
or where they can be installed. 
It’s easy in remote locations to miss certain 
requirements for electrical installations due to the 
lack of electrical permits and/or electrical 
inspectors to follow up after the installation is 
complete.  Be disciplined to monitor your own 
installations and ensure proper codes and 
standards are adhered to.  
 
Advanced Control Needs 
 
In addition to basic flow measurement 
requirements, there may be certain, more 
advanced control needs to consider.  Do you 
install a separate device to handle these functions 
or can you lower your cost and system 
complexity by combining advanced control and 
flow measurement into one device? 
 
Be aware, however, that combining the two 
functions in the same “box” might actually result 
in more complexity and higher costs.  It depends 
on which device(s) you are considering and 
whether or not they are built to not only handle 
both functions but do them both effectively and 
efficiently. 
 
Logic Programming 
 
Part of Advanced Control may include logic 
programming.  This could be done via 
proprietary means or by implementation of open 
standards such as IEC-61131-3.  Whichever 

method is used, does it require an outside 
integrator to program and maintain or can it be 
easily handled internally?  Does it require a 
strong internal programmer or can it be 
maintained internally with employees that have a 
basic understanding of control? 
 

Different manufacturers have differing 
requirements on how and with what level of 
expertise is needed to program or configure the 
flow computer.  It must be evaluated to find the 
best fit to match internal experience, resource 
loading, and budgets.  This isn’t true just at the 
time of design and implementation. It must also 
encompass the entire life cycle of the system. 
 
PID Control 
 
Another part of Advanced Control may involve 
more than simple on/off functionality.  It may be 
that a valve, for example, needs to be used to 
maintain a flow or a level.  This typically would 
require PID control.  Is this function readily 
available in the flow computer you are 
considering?  How many PID loops are offered in 
the product versus what is needed on-site?  
 

                 
Fig. V  Flow Control Loop requiring PID control to 

maintain a specific flow rate. 
 
Which tuning methods are available in the flow 
computer:  Ziegler-Nichols, Cohen-Coon, or 
Lambda?  Which method best fits the 
application? 
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Customer and Technical Support 
 
It shouldn’t be overlooked that there is more to 
an installation than simply the products involved.  
What happens after the installation is complete 
and the contractors move on to other projects?   
Not all customer and technical support is created 
equal – unfortunately.  At times, a completely 
viable solution from one supplier may not be 
considered for future installations due to a severe 
lack of aftermarket support.  Conversely, a 
solution with fewer features and benefits may be 
considered a better solution once customer 
support is factored in. 
 
Working with a company that has a known track 
record is highly beneficial when deciding which 
flow computer system to invest in.  No 
manufacturer is perfect in their design and 
operation so there will be problems to deal with.  
Will you deal with these problems on your own 
or will you have someone with knowledge, 
experience, and a your best interests at heart to 
turn to? 
 
Conclusion 
 
There is no one simple answer when designing 
an Electronic Flow Computer system.  
Unfortunately, there isn’t a “cookie cutter” 
approach that works well either.   
 
Many factors including the purpose of the 
installation, the product being measured, industry 
best practices and standards, national regulatory 
requirements, and internal/external needs, and 
other factors must all be considered. 
 
Settling for the “old way of doing things” may 
not be the best solution so don’t be afraid to 
challenge current company practices.  After all, 
technology and methods employed in today’s 
flow computer systems change over time.  
Shouldn’t how you design and install this 
technology evolve as well? 
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