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a b s t r a c t

The reaction section of the naphtha hydro-desulfurization (HDS) process is a heating and cooling thermal
process consisting of a feed/effluent heat exchanger and a fired heater. Energy savings are fundamentally
made as a result of the maximized heat recovery in the heat exchanger and the reduced heat duty of the
fired heater. To achieve further energy saving in the process, “self-heat recuperation technology” (SHRT)
was adopted. In this technology, a compressor was introduced. The suction side of the compressor
needed a lower pressure and the feed stream evaporated much easily. The discharged side of the
compressor satisfied the operating conditions of both pressure and temperature at the inlet of the
reactor. And the reactor effluent stream was able to be used completely to preheat and vaporize the feed
stream. All the heat in the process stream was re-circulated without using a fired heater. SHRT was
applied to the naphtha HDS process of 18,000 barrel per stream day (BPSD) in the refinery and the mass
and energy balance of the process was calculated using commercially available simulation software,
Invensys PROII version 8.1. This process-simulation case study confirmed that despite there being no
more energy saving potential in the conventional process that makes use of a fired heater, the advanced
process with SHRT can reduce the energy consumption significantly by using the recuperated heat of the
feed stream.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The naphtha HDS process, a well-known process adopted by
refineries, uses a fired heater in the reaction section to heat the
process streams. The fired heater consumes not only a large amount
of energy but also a large amount of exergy during combustion due
to the large temperature difference in the fired heater between fuel
combustion (over 800 �C) and process condition (around 300 �C)
for the reactor. In order to reduce energy consumption in the fired
heater, pinch technology has beenwidely applied for heat recovery
to save energy in a plant or a complex of plants. In the 1980s,
Linnhoff et al. [1] introduced the concept of “target before design”
using pinch technology for the design of individual processes. Pinch
technology for Heat Exchanger Network (HEN) design was devel-
oped by Linnhoff and Hindmarsh [2]. Methodologies were evolved
by Linnhoff and Ahmad [3] and Ahmad et al. [4] based on HEN

synthesis to incorporate total cost targeting and block-decompo-
sition. Later a HEN retrofit frameworkwas established, based on the
“process pinch” (Tjoe and Linnhoff [5]), “network pinch” (Asante
and Zhu [6]), and “multiple utilities” (Salama [7]) concepts. Pinch
technology, which improves heat exchange between the hot and
cold streams in a process, has been applied to thermal processes.
However, a conventional heat recovery approach based on pinch
technology has fundamental limitations: 1) The minimum
temperature difference (ΔTmin) for heat exchange between hot and
cold streams is required to heat the process stream to the operation
condition by using an additional fired heater and 2) a large amount
of low-grade heat from a hot stream cannot be recovered and is
eventually exhausted.

To resolve these problems, Kansha et al. [8] and Tsuru et al. [9]
have recently proposed “self-heat recuperation technology”
(SHRT) for heating and cooling in thermal processes. They
demonstrated that the self-heat recuperation technology, in which
the heat of the reactor effluent stream is recuperated by gas and/or
vapor recompression and reused for the reactor feed stream heat-
ing in a heat exchanger, can drastically reduce energy consumption.
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Following these studies, we initially undertook a feasibility study
by applying this technology in the heavy chemical industrial field.
We developed an advanced naphtha HDS process in which the
recuperated heat comes from the reactor effluent stream. We
compared its energy saving effect with the conventional naphtha
HDS process using a fired heater.

2. Conventional and advanced processes

Kansha et al. [8] and Tsuru et al. [9] reported that SHRT, used
for heating and cooling in thermal processes by pressure change,
could achieve perfect internal heat circulation in a feed/effluent
heat exchanger. Fig. 1(a) and (b) show the conventional process
and its temperature-heat diagram. The liquid feed stream is
partially vaporized in a heat exchanger and heated in a fired
heater to the required temperature for the reactor. The effluent
stream from the reactor heats the feed stream at boiling
temperature (Tb) in the feed/effluent heat exchanger under the
condition of minimum temperature difference (ΔTmin). A part of
the latent heat in the phase-change and the sensible heat are
recovered in the heat exchanger. Qc, the un-recovered latent heat
and sensible heat, is discarded in a cooling water (CW) cooler.
The fired heater supplies a large amount of heat (QH) to the feed
stream, which is larger than the heat duty (QHX) in the heat
exchanger.

Fig. 2(a) and (b) show the advanced process with self-heat recu-
peration technology and its temperature-heat diagram. The reactor
charge compressor is used in this process. Bycompressing the stream,
the stream pressure and its temperature are both increased simul-
taneously. The feed stream to the heat exchanger needs to be set at
a lower pressure than that in the conventional process, which then
allows the reactor inlet pressure in the advanced process to remain
the same as in the conventional process. The boiling temperature is
shifted from Tb toTb0 by thepressure change of the feed stream,which
allows the latent heat to be exchanged between the feed and effluent
streams. All the heat of the process stream is re-circulated in the
processwithout the need of afired heater, whichmeans that the heat
of the reactor effluent stream can be completely used to preheat and
vaporize the feed stream, resulting in a drastic reduction in energy
consumption of the process.

Recently, the design strategy of a heat pump with process
integration under optimal matching (Fonyo and Benko [10], Wu
et al. [11], Smith et al. [12]) was introduced. Energy and exergy
analysis of heat pump was applied by Ceylan et al. [13]. Pavlas et al.
[14] designed the heat pump system with the aid of Grand
Composite Curve. The heat pump was applied to several thermal
processes; the liquefaction process of natural gas (Aspelund et al.
[15]), the open air-vapor compression refrigeration system (Hou
et al. [16]), multi-function heat pump system (Gong et al. [17]), the
ground source heat pump system (Tarnawski et al. [18]), and the
refrigeration process using moist air and water (Hou and Zhang
[19]). The ambient heat or the process waste heat is generally
pumped by the heat pump to heat/cool the process stream by the
working fluids (steam, CO2, etc.). Fig. 3 shows the conventional
process and its temperature-heat diagram, with a heat pump
system supplying the required heat instead of a fired heater. HE-2
in the heat pump system needs to have the same heat duty (QH) as
a fired heater in the conventional process and requires a heat
source (QH0). Because the temperature difference between QH0 and
the feed stream is much larger than that in the heat exchanger in
the advanced process, the heat pump system requires more power
to improve the quality of the heat from QH0 to QH than the power
required by the advanced process.Fig. 1. Conventional process with a fired heater and its temperature-heat diagram.

Fig. 2. Advanced process with self-heat recuperation technology and its temperature-
heat diagram.

Nomenclature

BPSD barrel per stream day
CW cooling water
HDS hydro-desulfurization
HE heat exchanger
ΔTmin minimum temperature difference, �C
SHRT self-heat recuperation technology
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