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Case Study – Energy Efficiency Improvement
By Roger Thomas and Jerry Lacatena
As follow-up to an earlier article on Profitability and Energy Efficiency Improvement, this is a case
study of a job that we worked on.
Carmagen Engineering, Inc. (CEI) is often asked for advice in unusual situations. We try to find
quick answers, but occasionally we find that a full solution requires engineering tools and
technology that do not exist. However, even in these situations, we can usually meet the client’s
objectives.
Not long ago, we were contacted by a client who had severe fouling problems in a crude preheat
train soon after a major expansion to existing facilities. The crude distillation unit (CDU) furnaces
had coil inlet temperatures (CITs) that were over 20°C below design only a few months after
startup. As the CDU furnaces were operating at maximum firing rates, this resulted in a lower
atmospheric bottoms temperature. This stream was fed directly to the vacuum distillation unit
(VDU) furnace, which was also operating at maximum duty. Thus, the VDU feed was also at too
low a temperature, resulting in a lower yield of VGO, and a higher yield of vacuum resid.
As the VGO product was routed to a hydrocracker with spare capacity producing premium diesel,
the economic impact was well over a million US dollars a week. This did not even include the
occasions when crude throughput also had to be reduced.
We conducted a quick scoping study based on the initial data package and then visited the site
to gather more information. It soon became apparent that as a result of the corrosive crudes
being fed to the unit, the fouling resistance in many exchangers was increasing rapidly. On
further study, it became clear that none of the more obvious solutions were attractive. While
compact welded plate exchangers seemed interesting at first, several challenges soon arose.
Only chemical cleaning of the exchangers was possible, and there was limited experience of
using plate exchangers at very high temperatures with highly corrosive crudes. In addition, the
need for exotic materials resulted in long lead times.
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The other obvious solution was to add more conventional heat exchanger shells. However, the
exchangers added in the expansion project were located in structures that were some distance
from the original heat exchanger train. Therefore, it was difficult to see where new shells could
be located. The use of additives to reduce fouling was also considered, but this was a complex
problem involving multiple sample analyses and plant tests.
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The most feasible solution was therefore to dramatically increase the frequency of online heat exchanger cleaning.
However, this required adding block valves and bypass lines to several exchangers. In addition, some major pump
arounds had only a few heat exchanger shells; so, throughput would have to be significantly reduced during
cleaning unless some rearrangement of the shells through minor re-piping could be made. As any change can
alter many temperatures throughout the exchanger network, we needed to make an in-depth study of the entire
heat exchanger system.
The heat exchanger network had close to 20 split flows. The split flow ratios had to be optimized for both the base
case and all possible project cases. However, the standard heat exchanger network engineering tools are only
capable of optimizing about half this number of split flows simultaneously. Therefore, global optimization could not
be guaranteed. After a literature study of the latest advances in optimization theory and available technology, we
devised a way to provide global optimization. This involved solving for network temperatures using a sparse matrix
as is done in the best standard engineering tools. We then maximized the CIT using a non-linear optimizer,
changing all split flow ratios, and continually solving for the CIT.
The technology implementation was done entirely with readily available commercial programs. This had the added
advantage that the optimizer could be supplied to the customer for operational optimization. This was done without
any additional cost to the client. The optimizer was very robust and ran in a few seconds on a high end personal
computer. The main output was a Pareto diagram highlighting the key ratios to change, and was therefore easy for
an operator to interpret.
In addition, during further work using the technology described above, we were able to optimize the cleaning
schedule for the exchangers. It was found that the loss of heat recovery compared to the optimum cleaning time
was minimal provided the cleaning took place within a couple of weeks of the optimum. Therefore, for expected
reasonably constant fouling rate increases, the management tool became a simple time window for each
exchanger. If very rapid fouling occurs, some adjustments must be made to these windows. For this particular
situation, exchangers must be cleaned two to five times per year, far more frequently than previously planned.
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