
Minimising gasoline specification  
give-away

I
n 2014, roughly 136.8 billion 
gallons (or 3.26 billion 
barrels) of gasoline were 

consumed in the US, a daily 
average of about 374.7 million 
gallons (or 8.9 million barrels). 
This was about 4% less than 
the record high of around 142.5 
billion gallons (or 3.4 billion 
barrels) consumed in 2007. 
Gasoline is one of the major 
fuels consumed in the United 
States, and it is the main prod-
uct refined from crude oil. 
About 10% of the volume of 
finished motor gasoline now 
consumed in the US is ethanol. 
Diesel production has outpaced 
gasoline production in the last 
five years, but still gasoline 
production growth from 2009-
2014 was up by 376 000 barrels 
according to the US Energy 
Information Administration 
(EIA). In 2013, gasoline (includ-
ing fuel ethanol) accounted for 
about 61% of all the energy 
used for transportation, 45% of 
all petroleum consumption, 
and 17% of total US energy 
consumption. Although most 
refineries are shifting more 
towards distillate production, 
still nearly 45 barrels of gaso-
line are produced in US 
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refineries from every 100 
barrels of oil refined to make 
petroleum products. Even 
outside the US, where distil-
lates are the fuel of choice in 
most countries, gasoline repre-
sents a significant percentage 
of the clean products produced 
in a refinery and thus optimis-
ing give-away reduction still 
represents a significant strate-
gic opportunity.

Minimising the difference 
between a measured physical 
property and a critical specifi-
cation (‘give-away’) on a 
tactical level can have a signifi-
cant impact on refinery 
profitability. In a highly 
competitive, low margin, fungi-
ble commodity market like that 
of clean petroleum fuel prod-
ucts, this could mean the 
difference between keeping a 
refinery running or shutting it 
down. Refinery blending typi-
cally consists of gasoline and 
diesel product blending and 
can be considered the ‘cash 
register’ of the refinery. It is the 
last chance to optimise compo-
sition and to get as close to 
product specification as possi-
ble without excessive 
give-away. If there is specifica-

tion give-away at blending, it 
is truly lost revenue and 
cancels out benefits gained in 
upstream unit process areas. At 
a typical refinery, optimised 
gasoline blending could repre-
sent a majority of the site’s 
total advanced process control 
(APC) savings, and yield in 
excess of $20 million/year in 
bottom line savings. Bear in 
mind that a small reduction in 
give-away yields impressive 
results through scale-up. 
Although with recent declines 
in crude oil prices, gasoline 
prices have also declined, refin-
ing margins have still held up 
and key gasoline specifications 
of interest like octane and Reid 
vapour pressure (RVP) have 
stayed relatively constant. (see 
Figure 1) This fact alone should 
buoy the long term robustness 
of tackling this APC strategy.

How much are we giving away?
Until we measure, we cannot 
control. So let us examine, or 
measure, how much potential 
give-away is out there, so we 
can ascertain the economic 
potential for reduction. First of 
all, what are the measurable 
key properties of gasoline that 
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late, but the site was already 
at the lowest alkylate produc-
tion or yield and could not sell 
it on the open market above 
gasoline prices, the optimisa-
tion may not lead to bottom 
line savings for the refinery. In 
the writer’s experience, the 
above caveats are relatively 
rare and should not signifi-
cantly alter the overall savings 
potential described herein. 

As mentioned already, 
today’s US refineries produce 
roughly 8.9 million barrels of 
gasoline every day. Although 
the sales values of octane and 
RVP vary by region by season, 
over the last several years a 
good, conservative working 
average value for octane in the 
US is $1.20 ON-barrel, and 
$1.00 psi-barrel for RVP or RVP 
equivalent (calculated generi-
cally by the differential in 
premium versus regular sales 
prices, and differentials in low 
cost components like butane 
versus gasoline). Performing 
the calculation yields total 
annual give-away in the US of 
about $2.0 billion for octane 
and $1.3 billion for RVP. Even 
if only 50% of this is recovera-
ble, there is a potential for over 
$1.6 billion in combined give-
away savings as an industry in 
the US alone. 

Evidence that I am not alone 
in seeing these potential 
savings are small ‘butanising’ 
operations that have started to 
become prevalent in the US 
that take finished gasoline off 
major pipelines and ‘trim’ them 
closer to specification, captur-
ing the yield increase using a 
cheap gasoline volume expan-
sion component like butane. 
This appears to be a clear 
indictment of the refining 
industries’ moderate, if not 

we can put a price to, and can 
potentially control? Two key 
properties of concern are 
octane, measured in octane 
number barrels or ON-barrels, 
and RVP, measured in pounds 
per square inch barrels or 
PSI-barrels. Generally all other 
constraining gasoline specifica-
tions like V/L, T50, and VOC 
reduction requirements for 
RBOBs can be converted to 
RVP equivalents. Often octane 
and RVP can be controlled 
somewhat independently of 
each other, but not always and 
thus advanced techniques that 
will be described later are 
needed. Conservative industry 
average estimates for octane 
and RVP specification give-
away show at least 0.5 ON and 
0.4 psi respectively per barrel 
of gasoline blended. Said 
another way, on average the 
pump road octane (R+M/2) for 
gasoline is 0.5 ON higher than 
specification, so that if you are 
buying 87-octane at the pump, 
you are often getting 87.5-
octane gasoline.  

Of course, this varies signifi-
cantly by site and a few 

caveats are due at this point. 
Currently in the US, very few 
refiners certify gasoline using 
on-line analysis. Many use 
on-line analysers to control, 
but ultimately certify the gaso-
line using ‘off-line’ lab results. 
Sites where on-line certifica-
tion occurs will generally 
experience significantly less 
give-away than is addressed 
in this article. Also, the esti-
mates above do not include 
‘forced’ give-away for VOC 
reduction requirements and 
also exclude seasonal transi-
tion periods where excessive 
give-away occurs when ‘trim-
ming’ terminal tankage to the 
new seasonal requirements. 
Also, some refineries may be 
limited by logistics (in other 
words, no way to export high 
value gasoline components 
above gasoline sales prices), or 
in some rare cases markets 
cannot increase premium sales 
in a tight/constrained market 
to take advantage of reduced 
give-away. For example, if 
reduced octane give-away led 
to increased high value blend 
component stocks like alky-
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poor, success in reducing give-
away thus far. The economic 
case for pursuing gasoline 
blending optimisation thus 
seems to be compelling.

What does it take to 
tackle gasoline blending 
optimisation?
Many vendors will tell you 
otherwise, but evidenced by all 
the failed attempts scattered 
across the industry, gasoline 
blend optimisation is not a 
quick, cheap, or easy endeav-
our to tackle. This is true for 
several facts that are often 
glossed over, or poorly under-
stood by those embarking on 
this for the first time. First of 
all, of all APC projects, this is 
one that involves intimate 
coordination and support by 
disparate refining groups who 
historically have not worked 
closely or well with one 
another. If you were to apply 
APC at the FCC of a refinery, 
likely only the operations 
group of that unit needs to be 
involved for success. For APC 
at blending, operations, lab, 
planning and economics, and 
analyser groups need to be 
engaged and working well 
together for the project to be 
successful and more impor-
tantly sustained long term. 
Ownership of the overall 
systems is crucial to get sorted 
out early in the project and a 
clear understanding of who is 
responsible for each compo-
nent of the installed system is 
required. Routine meetings of 
all responsible parties after 
implementation to address 
on-going concerns and to 
review issues is also highly 
recommended, as well as 
setting up key metrics monitor-
ing to set priorities and ensure 
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management support going 
forward.

Another often poorly under-
stood fact of the matter is that 
any and all upstream units 
related to gasoline can, and 
will, affect the performance of 
the gasoline blending opti-
miser. Changes in upstream 
unit operations will change 
blend component properties, 
and the associated interactions 
with the other blend compo-
nents. So in other words, the 
further downstream the unit 
is, the more the upstream 
units will affect the results, 
and gasoline blending is of 
course at the end of the line. 
This becomes evident when 
making and maintaining 
robust, up-to-date, inferred 
property models for the 
on-line analysers, for instance 
spectroscopic analysers like 
FTIRs and Ramans, which are 
often used to control and 
reduce give-away. 

What does good gasoline 
blending optimisation look 
like?
Let us take a look at some of 
the practices around single-
blend gasoline blending 
optimisation that are regarded 
as best practices within the 
industry. Often short-cuts are 
made in several of the areas 
that will be mentioned, and 
ultimately they lead to disap-
pointment and problems down 
the road. Hopefully, by illus-
trating the reasons behind why 
these best practices are used, it 
will help convince sceptics of 
the pitfalls that will likely ensue 
should short-cuts be made.

Proper sample conditioning for 
on-line analysers
Articles and books could, and 

have, been written on this 
subject. Suffice it to say, without 
proper sample conditioning, 
on-line analysis of gasoline will 
not be successful. Here is a 
short list of key best practices 
that should be considered in 
designing an effective sample 
conditioning system:
1. Minimise filtration on indi-
vidual analysers and use a 
common filtration system to 
minimise maintenance costs 
and to ensure each analyser 
sees the ‘same filtered sample’. 
Instead of multiple small 
cyclonic filters in front of each 
analyser, use a bigger filter 
upstream of all the analysers 
2. Use redundant sample 
pumps for maximum reliabil-
ity. Pumps are notoriously 
unreliable, so to ensure high 
availability, proper pump 
selection and redundancy are 
key
3. Consider multiple, common 
filtration methods, like both 
cyclonic and hydrophobic 
filters and do not forget ‘belts 
and suspenders’ backup (last 
defence) simple particulate 
filters to protect analysers
4. Design a common sample 
conditioning system that can 
be applied at multiple sites in 
order to share common prac-
tices and fix common bugs just 
once. Keeping a common trou-
bleshooting and fix log on  
a company-wide basis is a 
pain, but in the long run will 
pay off in standardisation and 
minimising similar problems at 
different sites
5. Proper sample conditioning 
begins with proper sample 
extraction (see Figure 2). 
Keeping the distance between 
the blend header sample point 
and the analyser shelter as 
short as possible should  
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be a primary design concern. 
Additionally, proper sample 
probe design and orientation 
are key in getting the cleanest 
and most representative 
sample possible

Redundant analysers for 
critical service 
Not only is it important to 
have redundant analysers for 
reliability, they are crucial in 
validating and getting the best 
‘combined’ result. For example, 
if one on-line FTIR (call it ‘A’) 
provides a Research Octane 

Number (RON) of 90.2 and the 
other on-line FTIR (‘B’) 
provides a RON of 90.3, the 
average of the two (90.25) more 
likely matches better with an 
equivalent lab (knock engine) 
result. Also, with only one 
online analyser how do you 
know when errant results come 
back? With redundant analys-
ers this can be automatically 
detected by divergence of the 
results from A and B. 
Automation around this redun-
dant scheme can result in 
better optimisation, more alter-

natives for operations, quicker 
maintenance response time to 
analyser issues, and of course 
higher utilisation rates of the 
overall blend optimisation 
system. 

Choose proper analysers for 
the job
This is a highly contentious 
issue with several possible and 
appropriate solutions. In the 
writer’s experience, there are 
two key factors (among many 
possible others) that stand out 
as most important:
• Model-Transference for 
inferred property analysers is 
critical. It is a subject for 
another article to go into the 
details, but understanding the 
importance of this key feature, 
and how each manufacturer 
and technology accomplish this 
is critical in blending optimisa-
tion service. Research this 
thoroughly with vendors and 
hold them fully accountable. 
Using redundant inferred 
property analysers is one way 
to keep them honest in this 
issue. A good proven rule of 
thumb is that any two RON or 
MON predictions from redun-
dant inferred property on-line 
analysers should never deviate 
more than 0.2 ON (maximum) 
at any given time and gener-
ally over the long term be less 
than 0.1 ON from each other at 
any given moment
• Use technologies similar to 
the lab certification (primary) 
analysers where possible. For 
example, if a company’s RVP 
analysers are used to certify 
RVP in the lab, try to find out 
if their on-line equivalent 
analysers will work. Keeping 
them the same is one less vari-
able to worry about and has 
been proven to be effective.
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Field contractor to install 
carbon steel nozzle on 
existing process header

3 inch SS Vogt gate valve, 
full bore 316L SS, 
316L SS trim. 

3” 150 No., RF x2, 304 SS 
blind flange modified

Field-cut probe 
length to centre 1/3 
centroidal area of 
process header

1 1/2“ x 20” 
SH XS 304 SS pipe, field-cut 
at 45° angle and length to 
1/3 centroid of header

Enlarged detail 
of stinger

Groove weld

Flange machined 
to create x2 raised face

Stinger 
(see enlarged detail)Fl

ow

To pump suction of online analyser 
sample conditioning unit

1.5"

1.9"

Figure 2 Example of a proper sample extraction probe for gasoline blending  
optimisation service
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Standardisation across multiple 
refineries to capture best 
practices and solve common 
problems once only
Standardisation in a multi-re-
finery setting is critical. Often 
different sites will have differ-
ent existing systems: DCS, 
analysers, and so on. This 
should not be a deterrent to 
choosing the best available 
technology and using it across 
the entire circuit where possi-
ble. As an example, it is often 
recommended to pair the blend 
ratio control system with the 
DCS vendor. However, the 
recipe optimisation package 
should be platform independ-
ent and be able to sit on any 
modern DCS. 

Another important way to 
standardise is the interface 
between the DCS and the field 
analysers and other key blend 
optimisation equipment like 
sample recovery systems, 
sample compositors and the 
like. Use a common PLC as 
this interface between sample 
conditioning system, online 
analysers and other online field 
systems and the DCS. This 
minimises the customisation 
and configuration needed in 
the DCS, ensures the way the 
analysers work, alarm, cali-
brate (and so on) are done in 
accordance with standards and 
consistently throughout the 
refining circuit. Be sure to use 
analysers that use robust, 
modern standard communica-
tion protocols like Modbus 
TCP/IP to simplify the connec-
tions to the PLC. Keeping 
corporate standard PLC 
programming code available 
and tested for new sites keeps 
future project costs in check.

Having a central, often 
corporate, resource to ensure 
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today’s world of constantly 
evolving operating systems, 
DCS upgrades and cyber secu-
rity-driven upgrades, the cost 
of maintaining and keeping 
core money-making blend opti-
misation systems running are 
ever-increasing. Using systems 
that have customer custom 
add-ons makes this unstoppa-
ble upgrade cycle prohibitively 
expensive. 

Most modern and current 
DCS systems, with their open 
architectures, are dependent on 
the underlying operating 
systems. The prevailing refresh 
cycle for new major releases of 
DCS upgrades is on the order 

best practices are rolled out 
and followed across the organi-
sation is often important in 
maintaining a blend optimisa-
tion program. That role should 
consider maintaining a 
routinely reviewed, corpo-
rate-wide punch list for the 
gasoline blending optimisation 
systems to keep sites consistent 
and up to date on best 
practices.

Choose a blend optimiser 
package that is easy to upgrade 
and has a minimum of site 
customisation 
It cannot be stressed too much 
how important this is. In 
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Multi-period blending, 
scheduling and 

optimisation software

Grade (i.e. CONV_REG_9.0)
Initial recipe component percentages
Min/max recipe component percentages
Property blend values (component qualities)
Component costs (values)

Generates recipe files and sends to SBO

Minimise property give-away (G-A)
Minimise usage of high-value components 
(produce cheapest blend)
Minimise deviation from initial recipe 
(keep multi-period blend campaign feasible 
by maintaining recipes within min/max limits)

Modifies recipe component percentages 
to:

Refinery 
LP

Oil movements 
system

Tank inventory and 
order management

DCS 
Blend ratio controls

Single-Blend Optimisation 
(SBO) software

Figure 3 High-level overview of a single-blend optimisation system
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of 18-24 months, and most DCS 
strongly discourage being more 
than two versions out of date. 
This implies that an expensive 
refresh cycle, often in the order 
of $0.5-1 million or more, can be 
expected as often as every four 
years. Most senior management 
is still attuned to a refresh rate 
on the order of every 10 years 
based on their experience of 
legacy proprietary systems. This 
disconnect compels one to find 
ways to minimise the costs of 
these more frequent upgrades. 
Choosing an optimiser package 
that inherently minimises custo-
misation and setting up the 
system so that there is a mini-
mum of customisation in the 
DCS – for instance, a PLC inter-
face that has a much longer 
life-cycle – is the smart choice. 
A high level overview of single 
blend optimisation and its vari-
ous interfaces is shown in Figure 
3.

 
Train your operators well 
There is nothing new here. 

Good old-fashioned training is 
critical to success. Often opera-
tors and their managers 
become nervous when they 
hear the words ‘advanced 
control’ or ‘optimisation’. That 
means it is important to show 
operators how the system 
works in ways they can grasp 
and retain. Like traditional, 
multi-variable advanced 
control, the basis for the calcu-
lated moves are based on the 
‘gains’, called blend values, of 
each gasoline blend compo-
nent. Setting up a graphic 
showing the matrix and its 
effects on key properties the 
optimiser is controlling is help-
ful in understanding the 
system better and the moves 
on the recipe it is making. An 
example of how this might be 
done is shown in Figure 4. The 
arrows indicate the direction 
the associated property moves 
when more of this component 
is added (to the ‘normal’ grade 
of gasoline made). More 
arrows mean a stronger effect. 

Using a simplified graphical 
representation seems to be a 
good way to show operators 
why the optimiser is making 
the moves it makes and the 
importance of having sensible 
blend values for the compo-
nents. Other methods have 
been successfully implemented, 
but keeping it simple and 
available, especially to new 
operators, is a key to success.

Hopefully, the techniques and 
examples shown so far form 
some basis for building a 
successful strategy for minimis-
ing gasoline specification 
give-away. The economic return 
for pursuing this optimisation is 
compelling, and several compa-
nies have demonstrated success 
in achieving sizeable reductions. 
From the combination of these 
facts, and using some of the 
information in this article as a 
starting point, it is clear that 
those companies striving to be 
the best and to stay ahead in a 
highly competitive commodity 
business should be motivated to 
embark on a single blend gaso-
line optimisation program.

Dave S Seiver is Director of Blending APC 
Technology with Valero and has over 25 
years’ experience in the petrochemical 
and industrial gas industries. He has 
extensive expertise in APC, blending 
optimisation, FTIR and NIR modelling, 
has two US patents in the APC field and 
one patent pending for RBOB gasoline 
optimisation using chemometric 
methods, and is a registered professional 
engineer in the State of Texas.
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Gasoline blend 
component

Octane RVP TVL

Butane

Heavy cat. naphtha

Heavy reformate

−13191.5

RON, MON 
& R+M/2

(Gas plant and 
butane spheres)

(245 Stabiliser bottoms)

V/L

D86

T50

VOC

% VOC 
reduction

Aromatics

EtOH octane 
boost
Killers

Branched 
paraffins

EtOH octane 
boost

Makers

60.0 (RVP)0.0

84.0 1.1 208 295
Light cat. naphtha
(245 Splitter LCN draw) 87.5 14.5 99 130
Alkylate
(443 DeC4 bottoms) 92.0 5.0 172 222
Light reformate
(1747 MSAT 
Splitter overhead) 80.5 13.2 98 115

HOBS
(2110 high octane 
blendstock) 92.0 5.0 172 222
LOBS
(2101 low octane 
blendstock) 60.0 4.0 179 240

PenHex
(242 to 245 manifold) 70.0 10.5 123 155

(1747 MSAT 
Splitter bottoms) 88.0 1.1 202 263

Figure 4 Example of a gasoline blend control matrix with component blend values
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