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In this work, a power generation system dish/Stirling with cavity receiver and an electrical induction
generator was simulated. We propose a control system using a variable-dead-volume and analyze its
influence on the mechanical performance. A system with a dead volume of 160 cm3 was designed to
control the power and speed of the engine considering annual insolation, mechanical properties of the
heater and the limits of frequency and voltage for the systems interconnected to the electricity network.
The designed system achieves net efficient solar conversion to electric of 23.38% at an irradiance of
975 W/m2 and allows an annual increase of 18% of the useful electrical energy compared to a system
without control.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

With increasing power demand, and growing concerns over
energy security and environmental impact, deployment of renew-
ables has been accelerating and is expected to be continued. This
growth depends on subsides to facilitate deployment and drive
further cost reductions [1]. In particular, the high temperature solar
thermal technology is very promising and driven since it is an
excellent candidate to produce electrical energy. It turns out that
among all the solar thermal technologies the dish Stirling one is the
most efficient for electricity production. Indeed, Revy et al. studied
the technical feasibility to produce electrical energy by plants with
parabolic trough, dish Stirling and central tower solar technologies
and found that the cheapest technology to produce electricity in
India is the dish Stirling one [2]. In a parabolic dish commercial
plant with a 30 kW Stirling power converter, this technology ach-
ieved a solar-to-grid-quality-electricity efficiency of 32% [3]. How-
ever the main disadvantages of the Stirling engines are their high
cost, the sealing problems and the complicated power modulation
x: þ52 614 439 4884.
Beltr�an-Chacon).
[4,5]. Efforts to increase the profitability of this technology are
focused in its production in large volumes and its operation with
hydrogen or helium at high pressures in order to achieve higher
power and greater electrical energy produced annually per system.

A Stirling engine is a heat enginewhich converts thermal energy
to mechanical work by cyclic compression and expansion of the
working fluid, most commonly hydrogen, helium or air. It is
composed of three systems of high sophistication, complexity and
cost: (1) engine, (2) heating provision, and (3) pre-heater. An
essential safety feature is the micro-processor feedback between
heater temperature and fuel supply rate. An engine operating with
H2/He requires an additional system to reserve and replenish. This
technology still presents technical challenges to improve the gas
sealing and themotor control for themodulation of the power [4,7].
Prospects in terms of cost, reliability and packaging envelope are
not yet improved [6].

The Stirling engine performance depends on its geometrical and
physical characteristics and the working fluid. In general, working
with hydrogen or helium results in better efficiencies. However,
Meijer shows numerical results comparing the power density of
Stirling engines working with air and hydrogen/helium indicating
that at low velocities, around 250 rpm, the difference between
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� Batch electrooxidation of ammo-

nium sulfite is optimized at

slightly alkaline media.

� pH is stabilized in an electro-

chemical reactor by means of an

anion exchange membrane.

� A second-order model for electro-

oxidation rate estimation is

obtained.

� Long-term electrooxidation tests

demonstrate robustness of the

approach.
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Sulfur-based thermochemical cycles, such as the hybrid sulfur-ammonia (HySA) cycle,

offer a valuable approach in which hydrogen is produced by exploiting sulfur dioxide

(potentially pollutant emissions) through the electrochemical oxidation of aqueous sulfite.

In this study, the effect of pH on electrooxidation rate was assessed by comparing different

reaction scenarios. Then, a Central Composite Design (CCD) combined with a Response

Surface Methodology (RSM) was used to optimize batch electrooxidation of ammonium

sulfite at near-neutral pH. Results show that the use of an anion exchange membrane

(AEM) greatly improves sulfite electrooxidation rate while pH is effectively stabilized.

Furthermore, a second-order model that relates applied potential and sulfite concentration

with the normalized half-life of the reaction was obtained and verified experimentally at
amos-S�anchez).

ons LLC. Published by Elsevier Ltd. All rights reserved.
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In this work Na2ZrO3 and a NieAl2O3 catalyst were used to evaluate the hydrogen pro-

duction by the steam reforming of ethanol in combination with CO2 absorption (SREA). The

Na2ZrO3 was synthesized by the solid state method with a Na2CO3/ZrO2 ¼ 1:1 molar ratio

and calcined at 900 �C in air. A 25% W NieAl2O3 catalyst was synthesized by incipient

impregnation and calcined at 900 �C in air. During reforming, operating conditions were:

H2O/C2H5OH/Na2ZrO3 ¼ 6:1:2.5 feed molar ratio, T ¼ 600 �C, SV ¼ 414 h�1. Na2ZrO3 absor-

bent was separately regenerated at 900 �C and air. Experimental reaction results indicate a

high stability of Na2ZrO3 under 10 consecutive reforming/regeneration cycles allowing to

reach SREA equilibrium values. H2 production reached 91.3% mol of accompanied by 5.2

CO2, 1.2 CO, and 2.2 CH4% mol for each of the 10 consecutive cycles. These results show

Na2ZrO3 high stability towards multi-cycle SREA operation.

Copyright © 2015, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights

reserved.
Introduction

Today fossil fuels dominate the power generation worldwide,

especially in the transport sector. However, this has signifi-

cantly contributed to an increase of CO2 emissions to the at-

mosphere with an important impact on climate change [1].

The continuous release of CO2 can be alleviated by changing to

renewable energy sources or preventing the release of CO2

into the atmosphere during the combustion of hydrocarbons.

This can be achieved through technology that generates
9.
u.mx (V. Collins Martı́ne
20
y Publications, LLC. Publ
energy without the use of fossil fuels or by converting

renewable compounds such as methanol, ethanol or biodiesel

directly into hydrogen for its use in fuel cells [2,3]. Currently,

the main process to produce large scale H2 is by catalytic

steammethane reforming (SMR), which involves a step for the

separation of CO2 such as: pressure swing adsorption or

amines [4]. However, in order to make a significant improve-

ment in this process, research has been conducted related to

the separation of CO2 at high temperatures in order to in-

crease its efficiency. To achieve this, a series of solid CO2 ab-

sorbents with specific properties have been developed, which
z).

ished by Elsevier Ltd. All rights reserved.
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