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Despite the importance of these properties, refineries often 
operate on approximate estimations or outdated analyses, due 
to several challenging factors:

1. Time-Induced Variability: Properties of crude oil, even from 
consistent sources, vary and fluctuate over time due to 
natural changes and also due to slow degradation.

2. Alteration During Transportation: The process of 
transporting crude oil via pipelines, tankers, and storage 
tanks often leads to the mixing of various crude types, 
altering the original properties.

3. Uncertainty with Opportunity Crudes: These economically 
attractive crude types often lack detailed and reliable assays 
to accurately determine their properties.

The prevalent method to counter these challenges is manual 
laboratory testing. However, this method falls short due to 
its infrequent nature (often only once daily), time delays in 
obtaining results (the time lag between the sample grabbing 
and its analysis completion), incomplete data, data reliability 
and cost. 

This lack of real-time, comprehensive analysis significantly 
hampers the effectiveness of refinery planning, control, 
and optimization software, leading to underperformance in 
efficiency and on-spec product quality. This, in turn, results in 
substantial revenue and profit losses, and forces the refinery 
to operate far away from its operation constraint to still ensure 
acceptable safety and reliability levels within the refining 
process.

Adopting real-time analysis of  crude 
oil revolutionizes refinery operations 
and economics by: 

a. Crude Custody Transfer Verification: With real-time, on-line 
crude analysis, refineries can immediately confirm the quality 
and properties of incoming crude, ensuring compliance with 
purchase agreements and effective execution of production 
plans made months in advance. Continuously monitoring 
critical quality aspects like TAN, sulfur level trend, and water 
content, are enhances refinery unit reliability, and reduces 
operational costs. Continuous real-time incoming crude 
analysis enables the refinery to safely expand the range 
of usable crude sources, including Opportunity Crudes, 
without introducing operational risk, and thus leveraging the 
performance economic benefits. of such crudes.

b. Boosted Enhanced Safety and Utilization Through 
Proactive Upset Prevention: Continuous, real-time monitoring 
of crude feedstock allows for proactive prevention of 
operational disruptions in Crude Distillation Units (CDUs). By 
identifying composition deviations that could cause upsets 
such as tray flooding, refineries can proactively mitigate these 

risks. Furthermore, real-time analysis allows for the fine-tuning 
of unit operational and Advance Process Control variables 
(heat, pressure, flow, mix ratios) according to true, real-time 
composition of the crude feed, leading to enhanced process 
efficiency and improved sustainability, resulting in reduced 
material waste, enhanced throughput, reduced re-runs from 
off-spec rundown streams, and, lower carbon emissions.

c. Enhanced Product Quality and Efficiency Through Real-
time Feed Blend Alignment: Real-time monitoring at the 
discharge pumps of the crude feed tanks after the crude 
blending point enables refineries to optimize the actual feed 
to the first distillation unit. Real-time adjustment of the actual 
crude feed to more consistently align to LP targets stabilizes 
CDUs and upgrading units, and improves rundown and product 
blending quality.  

d. Comprehensive Operational Stabilization: Consistent 
crude feed control at the beginning of the refining process 
leads to stabilization throughout the entire refinery operation, 
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INCREASING EFFICIENCY, SAFETY, AND RELIABILITY IN REFINERIES 
WITH REAL-TIME CRUDE FEEDSTOCK ANALYSIS

Understanding the Hidden Loss:  
The Impact of  Crude Oil Variability on Profit Margins

The refining process of  crude oil, a complex 
and intricate operation, hinges significantly 
on the detailed understanding of  the oil’s 
properties and composition. Each refinery 
process unit’s efficiency, output quality, energy 
usage, and safety are directly linked to the 
fundamental quality of  the crude oil feeds 
including the distillation profile, cut points, 
API gravity, aromatic content, asphaltenes, 
Total Acid Number (TAN), sulfur content, etc., 
which define the operational parameters and 
constraints of  the refinery units.  

Figure 1: For custody transfer verification, detailed distillation profile is the core property to me measured by on-line analyzer

Figure 2: Continuous monitoring of the distillation profile of the blend crude enables real-time optimization
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enhancing overall efficiency and product consistency.

e. Dynamic, Plant-Wide Optimization: Continuous, real-time, 
feed forward crude feed analyses empowers refineries to 
adjust their production slate almost instantly in response to 
market opportunities, thus leveraging economic benefits and 
staying competitive.

Conservatively, real-time crude feed forward analyses will 
achieve 3-5% gains in operational efficiency and throughput 
with minimal off-spec product quality and re-work.

OP-NMR: The Optimal Technology for 
In-Depth Crude Oil Analysis
Given crude oil’s opacity, traditional optical analysis 
technologies (like NIR, FT-IR) face significant limitations. In 
contrast, Nuclear Magnetic Resonance (NMR) technology, 
based on magnetic excitation of atomic nuclei, effectively 
bypasses these issues. On-line Process NMR (OP-NMR), a 
specialized variant of NMR, is tailor-made for continuous, 
on-line fluid analysis and stands out as a superior solution for 
comprehensive crude oil characterization.

The benefit of OP-NMR spectrometry lies in its linear 
correlation between hydrogen atoms of the molecules 
present in the crude oil, and the distinguished chemical 
shifts representing the chemical nature of its components. 
Chemometrics transforms the spectrometric measurements 
into the critical crude oil and crude oil blend property 
measurements required for real-time control and optimization 
of a refinery. 

Pros and cons of OP-NMR Spectroscopy:

Advantages:

• Non-optical spectroscopy

 No dependency on transparency 

• Linear  and quantitative spectral response to the hydrogen 
content and molecular bonding environment of the sample.

• Robust Chemometric performance 

• No spectral temperature dependency 

• Water content does not interfere with spectral quality and is 
measurable and quantifiable 

• Simplified sample preparation and handling

Disadvantages:

• Solids can’t be observed

• Low sensitivity to impurities

• Sensitive to ferro-magnetic substances

• Non-Hydrogen containing molecules are not not observed 

In summary, the implementation of real-time crude analysis, 
especially through advanced technologies like OP-NMR, marks 
a significant leap in refining operations. By addressing the 
challenges posed by the variability of crude oil, refineries can 
achieve optimal efficiency, heightened safety, and increased 
profitability, ensuring high-quality products and a strong 
market position.

Figure 3: Typical OP-NMR Spectra of Crude Oil
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Has COP28 achieved the first global commitment to ending fossil fuels?
In 1992, a conference of delegates from members of the United 
Nations passed the United Nations Framework Convention on 
Climate Change (UNFCC), declaring that the parties were: 

‘Concerned that human activities have been substantially 
increasing the atmospheric concentrations of greenhouse 
gases, that these increases enhance the natural greenhouse 
effect, and that this will result on average in an additional 
warming of the Earth’s surface and atmosphere and may 
adversely affect natural ecosystems and humankind’. 

Despite this concern, the Convention does not commit to the 
abolition of those ‘human activities’ responsible for this over-
concentration. Indeed, Article 2 states that ‘The Parties shall 
[…] take into consideration […] economies that are vulnerable 
to the adverse effects of the implementation of measures to 
respond to climate change’, which includes ‘economies that are 
highly dependent on income generated from the production, 
processing and export, and/or consumption of fossil fuels […] 
for which such Parties have serious difficulties in switching 
to alternatives.’ It was this document that established regular 
Conferences of the Parties (COPs) to co-ordinate mitigation and 
adaptation efforts but until this year’s Conference, the 28th of 
its kind, none had managed in any significant way to resolve this 
central contradiction.   

The Paris Accords mandated that the first Global Stocktake, a 
report assessing current efforts and establishing pathways to 
limit warming, be released in 2023. This task was taken up at 
COP28. In the draft of this report accepted by the delegates, 
one of the ‘global efforts’ to which Parties must ‘contribute’ is 
‘Transitioning away from fossil fuels in energy systems, in a just, 

orderly and equitable manner […] so as to achieve net zero by 
2050 in keeping with the science’.  

When this new phrasing found its way to the newsrooms of 
the Western world, it was treated as a total shock. Before this, 
COP28 had been defined by fierce contestation over whether the 
final agreement ought to call for the ‘phase out’ or ‘phase down’ 
of fossil fuels. Days before COP28 opened its doors, President 
of the Conference, Sultan Al Jaber of the United Arab Emirates 
was reported by The Guardian to have stated in broadcasted 
conversation at a She Changes Climate event that: “There is no 
science out there, or no scenario out there, that says that the 
phase-out of fossil fuel is what’s going to achieve 1.5°C.” Chief 
Executive of the state-owned oil firm, Adnoc, Sultan Al Jaber 
had been eyed suspiciously since the day it was announced that 
the UAE would host this year’s Conference, suspicions which 
only intensified when leaked documents obtained by the Centre 
for Climate Reporting and seen by The Guardian appeared to 
be invitations to various delegations to discuss new oil and gas 
deals at the Conference itself. Indeed, in an earlier draft of the 
Global Stocktake, released on Monday, the passage suggested 
simply ‘reducing both consumption and production of fossil 
fuels’ with no commitment to full abolition. 

It’s miraculous, then, that we have ended up with what appears 
to be the strongest wording of any COP so far. But just how 
significant is it, really? Shouldn’t we presume that delegates in 
sympathy with Al Jaber are unlikely to have changed their minds 
so significantly in just two weeks? Well, it’s unclear. Whilst 
‘transitioning’ retains the original ambiguity of ‘phasing’, allowing 
for acres of wiggle room in which countries can claim they’re 

in transition by adding only a couple of percentage points of 
renewables to their fuel-mix, ‘away’ is certainly an improvement 
on ‘down’ but not at all equivalent to ‘out’. On the one hand, 
such a phrase could legitimise a mitigation purgatory in which 
nations endlessly “move away” from fossil fuels without ever 
really getting rid of them. On the other, it is an entirely different 
sentiment to phasing down or reducing carbon emissions, 
suggesting a genuine break with fossil fuels which can be, if 
only symbolically, co-signed by the international community. 
Of course, the only real test of this new agreement will be in 
practice, where a lot is still to be done. From the brink of historic 
failure, nevertheless, COP28 has managed to achieve what 
might just turn out to be a landmark in the history of climate 
action.   
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