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Chapter 13

Recommendations and Future Work

13.1 Optimization

A solution methodology to maximize the profitability of alcohol synthesis, separation,
and blending has been developed.  The temperatures, pressures, flowrates, and key
component recoveries in the separation steps are the optimization variables.  This
methodology is robust and flexible; therefore, a wide-range of processing conditions can
be investigated yielding consistent and accurate results.  This methodology is in the
process of being applied to the alcohol synthesis and separation portion of the process.

13.2 Sensitivity Analysis

13.2.1 Process

A methodology, using Monte Carlo simulation, to determine the effects and
influences of process variable uncertainties on the performance of a design has been
developed [22].  Input variables in the model to be considered include the reaction
product distribution, the operating temperatures of equipment (e.g., gasifiers, separators,
etc.), and the estimates in the thermodynamic model used in the computer aided design
simulation of the process.   The output variables are the manufacturing cost and the
energy efficiency of the plant.  Determination of the parameters that may cause
uncertainty in the process will be accomplished by choosing those parameters that are
probabilistic in value and those which are not correlated to other more significant
parameters.  The result will be a range of expected operating conditions for the process
and an indication of which variables' uncertainties are most likely to affect process
operating conditions.

13.2.2 Cost and Price

Costs and prices are not known with certainty, and the expected ranges may be
sufficiently large to affect the relative rankings of the tested options as well as their
absolute economics.  In addition to the costs and prices of the inputs and outputs, prices
of substitutes, such as MTBE and gasoline, also affect process economics.  The relative
expected growth rate in natural gas, oil, and coal prices determine the time in which coal-
derived alcohol fuels may become economical.

To explore the effects that changing input and product prices have on the process
economics, sensitivity analysis (Monte Carlo simulation) will be used.  The results will
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indicate which processes have the most economic promise given the uncertainties of
prices and costs.

13.3 Energy Park

The potential exists for an integrated approach to produce mixed alcohols and energy
(with an emphasis on electric power) given the various technologies currently under
consideration. Each technology has its own strengths and weaknesses. By taking
advantage of the strengths of these various technologies, the overall economics of alcohol
production may be improved.  This integration may be achieved in the context of an
Energy Park, as described in Section 3.3.  Future efforts will focus on taking advantage of
this possibility.

13.4 Possible Additional Case Studies

The present results of this work indicate that a facility to produce higher alcohols for
use as transportation fuel additives from coal is currently uneconomical.  This situation
may, of course, change if significant savings can be found in gasifier technology or if the
price of natural gas increases significantly.  Possible alternative processing schemes may
be sought to identify potentially profitable alternatives in this area.  Examples of
alternative processing schemes include:

1. Economically disadvantaged feedstocks (EDF's) such as vacuum residuum and
petroleum coke should be considered as potential substitutes for coal.  The surplus
of these refinery derived materials gives rise to a potential window of opportunity
and may offset some of the economic disadvantages of solid-based feed materials.

2. The possibility of converting methanol (and other higher alcohols) to ethers via
condensation type reactions should be considered.  For example, dimethyl ether
(DME) has potential as a diesel fuel additive [23].

Consideration may be given to such alternatives in the future.
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