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7.1 Introduction

The perfume industry has shown great progress during the past years mainly due to the
economic profit that this industry produces every year. The two main components of a
perfume are fragrant oils and fixatives, the latter being the most expensive ingredient in a
perfume (Frdter et al., 1998). Historically, the ambergris, which comes from some species
of sperm whale, has been successfully used as natural fixative, being one of the most
valuable raw materials bringing uniqueness to a perfume; however, the environmental
implications (such as killing of endangered species such as the Physeter macrocephalus) of
its use and high cost have promoted the development of synthetic alternatives to ambergris,
which may be much more cheaply and reliably produced. Among all the synthetic substi-
tutes, Ambrox® [(=)-8a-12-epoxy-13,14,15,16-tetranorlabdane] is the most widely used
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Abstract

The production of fossil fuels to satisfy the energy demand has caused a drastic increment in the greenhouse
gas emissions, which are associated directly with the global warming problem. Installing biorefineries is an
interesting alternative to address this problem because biomass can capture CO, emissions during its growth.
On the other hand, a new interesting approach to promote economic growth in low-income regions is through
new eco-industries dedicated to cultivate trees and taking care of the forest. These forest plantations help to
capture CO, emissions produced by petroleum refineries and biorefineries. Therefore, a system able to integrate
production of fuels through refineries and biorefineries with the use of forest plantations to decrease the
greenhouse gas emissions can be an attractive solution to significantly improve the environmental sustainability.
However, the implementation of this project has to consider several factors, including the life time of the project,
the availability of resources, the amount and type of products that should be produced, the allocation and
capacity of the involved refineries, biorefineries and forest plantations, among others. For this reason, this paper
presents an optimization model for the optimal planning of an integrated system for the production of fossil
fuels and biofuels considering the interaction with eco-industries, which are able to capture emissions from
biorefineries and refineries and receive an economic benefit. The proposed mathematical model takes into
account the availability of biomass, the production of oil, a set of existing biorefineries and refineries as well
as the possibility to install new facilities. The mathematical approach was applied to a nationwide case study
from Mexico, considering the creation of new jobs, overall emissions and net profit as objectives. The results
are shown through a Pareto curve, which is useful to make decisions about the planning of the interactions
between these types of industries as well as determining the supply chain configuration in order to satisfy overall
demand of products.
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Abstract

One of the most important industries in Mexico is the one associated to the tequila
production; where several agave residues are produced (agave is the plant used to make
tequila), these residues are lignocellulosic matter that can be used to produce bioethanol.
The agave residues are obtained in the harvesting sites located in several states of
Mexico and from the tequila factories that are mainly located in two places in Mexico.
Therefore, this paper presents an optimization framework for designing a supply chain
for the bioethanol production from residues of agave bagasse obtained in the tequila
processing in Mexico; where central and distributed bioethanol processing plants are
considered. The bioethanol production process in the central and distributed plants is
modeled according to conversion factors for the different processing steps obtained
from experimental data. Results show that the bioethanol production from agave
bagasse is a feasible way for obtaining biofuels. For the current situation, the results
show that is possible to satisfy around 10 % of the total demand of bioethanol of
Mexico. Finally, no numerical complications were observed during the application of
the proposed approach, which is general and can be applied to different biomass types
and biofuels.
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1. Introduction

The agave is a perennial arid plant that consists of thin sheets around a plant head,
whose main elements are fibers, sugars, minerals and water. Juice with high
concentration of fructose and other vitamin properties is naturally produced in the center
of the plant head. This way, a large number of products can be obtained from agave as
honey water, paper, textiles, liquors and tequila. During the processing of agave to yield
tequila several lignocellulosic residues from the agave are produced; these residues
correspond to the sheets that are obtained in the cultivation areas because these are not
used for the tequila processing, and also there are other lignocellulosic residues obtained
in the factories associated to the tequila processing from the plant heads after the
fermentation process. It should be noted that the agave is mainly cultivated in the
central-west part of Mexico (in the states of Jalisco, Guanajuato and Michoacdn), and
most of the factories associated to the tequila are located also in this region. These
lignocellulosic residues can be used as raw material to produce several products,
including bioethanol. In this way, Alex-Marvin et al. 2012 presented an optimization



Chapter 1

Optimal Planning for the Supply Chain of Shale Gas

Karla Arredondo-Ramirez, José Maria Ponce-Ortega and Mahmoud M. El-Halwagi

Abstract Shale gas has attracted the interest in the development and exploitation of unconventional gas
resources. Substantial shale gas reserves are found in regions that lack the proper infrastructure needed for
production and distribution. This chapter presents an optimization approach for the optimal planning of shale
gas exploitation and infrastructure development in places that lack the infrastructure needed for production,
treatment, and distribution. A multi-period optimization approach is presented to account for the variability in
market. The different components of the infrastructure, the production schedules, and the time-value of money
to maximize the net present value of the infrastructure are considered in the optimization model. The
applicability of the proposed approach is shown through a case study from Mexico, where there are enormous
reserves of shale gas without exploitation. The results show attractive economic results for the exploitation and
distribution of gas to satisfy a certain demand.

1 Global perspective of shale gas production

It is projected that by 2035 the global energy consumption increases by 37% from today’s levels with India and
China accounting for half of the growth according to BP (2015). In order to give a broad view about hydrocarbon
fuels, in 2014, 80.6 % of the total primary energy supply was based on fossil fuels such as oil, natural gas and
coal. In 2014, the annual production of natural gas was 3,524 bcm (OECD/IEA, 2015).

K. Arredondo-Ramirez, J.M. Ponce-Ortega, M.M. El-Halwagi (e-mail)
Texas A&M University,

College Station, Texas, USA

e-mail: el-halwagi@tamu.edu



Edizors

Tuan Gebricl Scpovia Hemindes Adridn Bonilla Petriciolot

Universdad de Guansjusao Instituto Tecnokégico de A guase alicntes
CGuanguse, Mexico Apuanidientes, Mexico

ISBN 978-3-319-28390-6 ISBN 97R-3-319- 283920 (cBook)

DL 10.1007478-3-319-28392.0
Litewy of Congress Contmal Namber 201931K78

© Speinger Imemuional Pobldeng Seereriand X016
This work b sd et 1o copyright AL oghis s pesarved by the l'&l&n |hrl|m|)w uhduumof
e swiaial ulnmut. specificaly e rights of L g wise of lk

& 0 microfilmi or In sy other p«yucnl way, and transmission
ot ledoom ghon -mm nd rewievd, dectnic adaptation, conpuet softwar, o by skaile or
dsaimile methodadayy mow knows or heseafier developed.
The wse of groenal dewcngtive mees, repatered names, axdemady service maks, cic. m thay
pubicatiom doey sot imply, even o the absence of o specic stoement. thid seh name e evempt
from the relesant 1 lows and g and th e tor genernl use.
The publisher, the athons and the afitn ae wfe i asime that e advice and information in thiy
bk we beleval 1o be troe and accurde at the doe of pabiscton. Neihet the pulinder noe the
athan o the editon pive o warmasty, express of imphied, with reapoct 40 the material contamed
horem of for sny ormra 0F omissom that may have heen made

Printod on ncid foe poper

This Speinger bapaint b publaded by Speinger Nature
The regisgered company i Springer Interrational Publishing AG Swzerkind

Chapter 4
Process Intensification in Heat and Mass
Exchanger Networks

Jose Mana Ponce-Ortega

Abstract This chupier presents the use of process miegration as o useful wol for
intensifying processes, Particalarly, miss and he at integration through the syathesis
of mass and heat exchanger nctworks represent powerful tools that can be used for
reducing the peed of extermal agents such as fresh water and hot and cold utilites,
Two optimization formulations an: presented for mass and heat integration and the
apphcation 1o two case studics shows sigmiticant savings of extemal utilities

4.1 Introduction

In recent years, when unified processes ire reguined 10 be competitive in the global
market process intensification has become 4 very exciting topic (1], In this way,
process mtensification has boon defined by Ponce-Orntega ot al. |2 as any activity
that imvolves one of the Tollowmg poinm:

h

(a) Smalker equip for given

() Higher throughput for given equip

(€1 Less haldup for equipment or kess in
Tor the same roughput

(d) Lews wsage of utility material and feedstock for a given throughpat and given
oquipment size,

(e) Higher performance for given unit size,

(| 4
slze o1 given process.
for procesy of certain material

On the other hunid, process integration his been recognized ws o useful ool for
intennfying processes, see, for example, Lutze et al [3). El-Halwagi (4], and
Gopalohredman o ol (5] Pancularly, encrgy wnd musy integrtion have been
sdentified as powerful tools Tor improving processes. Energy intepration allows
roducing the encrgy consumpeion in industrial processes through intenvifying the
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