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Introduction

Refinery hydrogen network management is an
increasingly important problem as the hydrogen
consumption of refineries rises sharply in order to
comply with clean fuel specifications enforced due to
environmental concerns [ | |. Environmental regulation,
clean (low-sulfur) fuel and converting heavy oils to
light products, increase hydrogen requirement to use in
refineries. In addition to hydrogen as a main component,
a large amount of unfavorable CO, may be produced.
In most cases, CO, is purged to the atmosphere because
of its harmful nature. Environmental concerns over
rising CO, concentrations in the Earth’s atmosphere
are driving efforts to reduce CO, emissions [2-3].
Most of the publications about hydrogen management
of hydrogen network have focused on minimizing the
hydrogen utility or reduced the total annual cost [4]. To
reduce costs and save energy and to meet environmental
regulations for refineries, the hydrogen system should
be not only hydrogen management considered but also
CO, management be considered together.

This paper presents a mathematical model for CO,
emission from each unit in the hydrogen network
as well as multi-objective optimization. This model
includes linear mathematical programming (LP), which
illustrates the relationship between CO, emissions and
feed input to the fuel system and the output product of
the hydrogen-generating unit.

Mathematical Model for CO, Emission

The hydrogen networks include several hydrogen
consumers and hydrogen producers. In addition,
models are developed for hydrogen producers and
consumers that include the operating variables [4-

Accepted: January/03/2022

8], which usually are difficult to solve. In this paper,
we choose a linear programming (LP) model to
evaluate the CO, emission of hydrogen consumers and
hydrogen producers. In addition, it is assumed that the
CO, emission of hydrogen producers are determined
by outlet flowrate of hydrogen producers, and CO,
emission of hydrogen consumers are determined by
inlet flowrate to hydrogen consumers.

The two main emission sources in hydrogen network
refinery are:

* Hydrogen plant units using reforming hydrocarbons
* Processing units are using fuel oil as the current
furnace fuel (Fuel system)

Hydrogen Plant

The CO, emission of hydrogen plant can be distrusted
to two major ways, including reforming hydrocarbons
for produce hydrogen and furnace of hydrogen plant.
The total CO, produced from hydrogen plant equal
the coefficient of the amount hydrogen produced of
hydrogen plant, as indicated by Equation 1.

E =exF +¢ M

1.c0, Hydrogen ,

where  Fiygoen; denotes the amount of hydrogen
produced by the hydrogen plant; &, and &, are
constants and CO, emission factors, and £ is the
amount CO, produced by the hydrogen plant that

including reforming hydrocarbons for produce
hydrogen.
Fuel System

There are several processes for hydrogen production
and consumption in the hydrogen network. For
example, the catalytic reforming, steam methane
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reforming and partial oxidation are as the hydrogen
production processes, and also the hydrotreating,
hydrocracking, isomerization are as the hydrogen
consumption processes. All these processes are
associated through with the furnaces. The furnaces are
main emission sources in hydrogen network refinery.
We are estimated amount CO, emissions of furnaces
by applying emissions factors. The emission amount of
furnaces is calculated by using the following equation:

E _=YpF +y )

where is the amount of CO, produced, and are
the emission factors. is outlet flowrate of hydrogen
producers and inlet flowrate of hydrogen consumers.

Results and Discussion
The hydrogen network is illustrated in Figure 1.
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Fig. 1 The existing hydrogen network.
A nonlinear programming model based on minimizing ~ numerous set of operation details, inlet/outlet

total annual cost and CO, emission as two objective
functions is solved. In this optimization method,

flowrates of units experimental data, have been used
in CO, emission of units. The optimal structure for this
Methodology is shown in Figure 2.
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Conclusion

In this study, a comprehensive strategy for optimization
a hydrogen network has been represented. To achieve
suitable results for the real hydrogen system, the multi-
objective optimization problems have been considered
by minimizing TAC and CO, emission together for
hydrogen network. Results of optimized network
indicated that total annual cost and CO, emissions have
been decreased by 22.4% and 29.1%, respectively.
Furthermore, hydrogen within the fuel system was
recovered to use in hydrogen network by purifications
units. The amount of hydrogen recovery from fuel gas,
which has been sent to purification units, is 16200
m?/h.
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