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Summary

Nuclear power plants provide clean, carbon free, stable, reliable electricity and
can offer nonelectric products and services via cogeneration operations to mul-
tiple sectors. This contributes to decarbonization of the current energy and
industrial systems, supports climate change mitigation and adaptation efforts
and ensures sustainable development over the long term, according to the
United Nations Sustainable Development Goals (UN SDGs) framework and
the provisions of the Conference of Parties 21 (COP21) Paris Agreement, 2015.
This work surveys the potential role of nuclear cogeneration projects in meet-
ing these objectives based on the current technological landscape. It focuses on
nuclear assisted desalination for freshwater production and electrolytic hydro-
gen production as the use cases and suggests an assessment framework for
their holistic evaluation. New integrated metrics and multi-criteria perfor-
mance indicators beyond the levelized cost of production are developed to
quantify the likely multi-dimensional impacts of such projects. The use of
these for screening alternatives illustrates the fact that depending on weightage
given to different criteria, different technologies may appear to be better suited
to deployment under given set of conditions. These metrics are expected to be
useful for creation of a decision support system for deployment of nuclear

cogeneration projects.

KEYWORDS
climate change, desalination, hydrogen, multi-criteria indices, nuclear cogeneration,
sustainable development goals
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Electrochemical Modeling and Performance Assessment of

H,S/Air Solid Oxide Fuel Cell

Nurettin Sezer,*

Hydrogen sulfide (Hz5) is an abundantly present, corrosive, and noxious com-
pound. Though the Claus process is effective in processing H,S, it extracts
minimal energy from HaS. Solid oxide fuel cell (SOFC) can harvest the chemical
energy of H;S to generate electric power. For practical implementations, the
performance of H;S/air SOFCs and the potential losses in the system are
determined. The present study :lmshdﬂdnpﬂlemnpldeeleﬁ.mdmnl
model of HzS fair SOFC system and to analyze its perfc The tt

Farrukh Khalid, Yusuf Biger, and Muammer Kog

Many known natural gas reserves have
been cither temporarily shut or perma-
nently abandoned for the reason that one
natural gas accompanied toxic component,
H;5, canmaot be utilized at the reserve devel-
opment area. Today, H;S concentrations in
the developed natural gas reserves can
reach as high as 25 \n]°6, for example, in

cell potential of HySfair SOFC is determined, and the deviations from the the-
oretical cell potential due to polari are studied. ding to the results,
H;S fair SOFC wmehch:pmmhem uﬂgﬂtr,anddhl:

efficiencies of 58.0%, 43.0%, and 89.7%, i
and a temperature of 1100 K. Further efficiencies unbeadleved rl'tlleullpnt
heat is utilized for useful applications. Moreover, the 50, formed by the elec-
trochemical reactions in SOFC can be recovered as elemental sulfur or sulfuric
acid as an additional useful commodity. In brief, this study demonstrates

the performance of HaS/air SOFC to serve as a basis for the implementation

kh ng; mticipated that
the processing of H;S-rich natural gas
reserves will further increase with master-
ing of deep gas deposits since it is known
that the H;S concentration increases with
depth.

Today, the most widely used method of
HiS processing is the Claus process,™
which uses a two-step chemical cycle that
can be summarized by the following

reactions

of H,5/air SOFC toward eliminating the environmental impact of H;S and

converting it into electric power.

1. Introduction

Hydrogen sulfide (H;S) is naturally present in aqueous form
mainly in hot springs and in deep water in the Black Sea, and
in gaseous form in the natural gas wells and natural gas
hydrates!"?! I addition, it s anthropogenically generated hx
the oil processing. coal gasification, and biomass processing
industries™! 1t is a highly corrosive and noxious pollutant.
Therefore, stringent regulations have been imposed on HjS
emission by environmental enforcement agencies worldwide !

i
HiS + 501 — 500 + HIO (1)
Hzs l5(:1! 35! H1O 2
15+-50) == 5 + H;
15 +550 — 23 i 2)

The first step involves 2 noncatalytic combustion process
{Reaction 1), through which the feed H3S is partially oxidized
to 50, and H70 at 1400 K. The second step uses a catalytic pro-
cess where the unreacted portion of HS reacts with 507 to
obtain clemental sulfur and stecam (Reaction 2)

Although it is effective in treating H;S to protect human
health, quite a little value is extracted from H3S through the
Claus process."5~ Overall, this method produces elemental
sulfur along with low-grade steam through the partial oxidation
of HjS with air.|'" Instead of the low-grade steam, it would be
pmqh]e to generate electrical power and high-grade steam if the
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stion furnace in the first step of the Claus process is
replaced by H; S/air-fed solid oxide fuel cell (SOFC).™
A fuel cell is an electrochemnical device that directly converts
the chemical energy of reactants into electricity. The basic
components of a fuel cell system are porous anode, cathode, and
an elecirolyte membrane separating these two electrodes.
Half-cell reactions take place in the cell anode and cathode with
the continuous supply of fuel and oxidant to these electrodes,
respectively. The mixing of the axidant and fuel is prevented
by the electralyte membrane, which allows the passage of only
ionic species. Fuel cells can be classified based on the type of
clectrolyte used in the ecll.
SOFC is a promising energy conversion system since it has
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TECHNICAL NOTE WILEY

Application of microfluidic paper-based analytical device
(pPAD) to detect COVID-19 in energy deprived countries

Mosfera A. Chowdury' | Farrukh Khalid®
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Canada Coronavirus disease (COVID-19) has spread all across the world, Low- and
Ed af edi income countries are more affected economically and socially com-

Tstinye University, Istantul, Turkey
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1 | INTRODUCTION

pared to developed countries due to the lack of a rapid, robust, and affordable
testing infrastructure. Furthermare, the high cost of real-time polymerase
chain reaction (PCR) system, sophisticated 57 and high
expense of the conventional clinical tests are the root cuuses of the less acoessi-
hility of the testing systems to the users. In this study, a COVID-19 Point-af-
Care (POC) ecosystem model is proposed for the low- and medium-income
countries (o1 energy deprived countries) that will facilitate the technological
development with locally available fabrication components. In addition, the
nontechnolagical development phases have also heen discussed, which encom-
passes the collaboration among academia, local as well as government bodies,
and entrepreneurial ventures. In addition, a hypothetical design of a micro-
fluidic paper-based analytical (pPADs) POC platform is proposed to detect
COVID-19 analyte using unprocessed patient-derived saliva, which is a minia-
turized form-factor of conventional real-time polymerase chain reaction (PCR)
technique. The device contains four major reaction zones, which are sample
azone, buffer ne, loop-mediated isothermal amplification (LAMP) Master Mix
zane, Ethylenediamine tetraacetic acid (EDTA) mne, and sensor zane. To

obtain quicker test results and easier of a image acq
technique is introduced in this study. It is hypothesized that in a remote set-
ting, the proposed design could be used as an initial guideline to develop a
FPOC COVID-19 testing system, which may be simple, easy-to-use, and cost-
effective.

KEYWORDS
COVID, micralluidie, Poin tof-Care

warld, which resulted in personal, sodal, and economic
losses to individuals. One such industry that is badly

COVID-19 was first discovered in Hubei Province, China,
in Decernber 2019, which further spread globally due to
human jssion. We have | the rapid
increase in the epidemiology of this disease across the

affected by the novel corona virus is the airline industry
as most of the aviation operation is ceased resulting in
greater economic losses'” According to World Health
Organization (WHO), PCR is the designated dinical
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Ammania is ane of the most abundantly used chemicals in the waorld, and itis a potential
hydrogen carrier for possible sohutions of hydrogen stomge and tanspartation. The con-
ventonal method of ammonia production i energy- intensive that requires high pressine
and it is dominantly dependent on foesil fuels for hydmeen and nitrogen producton. With
the electrochemical synthesis option, ammania can be produced at atmospheric pressumes
and lower tempemture levels. Hydmogen production via water electrolysis using renswalble
energy can further reduce carbon emissions. In this work, ammonia production via an
electrochemical process in a malten =alt madium & modelled through elactrochemical
impedan ce spectroscopy using several squivalent ciruit models. Then, aferwards, for a
case study in Qatar to produce renswahble ammonia, wind data are used to predict the
anmual ammania production rates where the wind turbine rated power is & MW The
electmchemical modelling results show that two main pammeters emeged as the meast
influential an the modelling of the low frequendies megion; the capacitance of the slec-
trabyts, and the capacitance of the electmde. Furthermare, it is found that the Warburg

kueaduga . Kald), ammohamed@mai hbkueduga

wed. ga (WM. AB).
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This study aims to provide a comprehensive snvironmental life cycle assssement of
heat and power production thmugh solid oxide fus] cells SOFCS) fusled by various
chemical feeds mamely; natuml gs, hydmgen, ammonia and methand. The Efe apele
assessment [LCA] inchdes the complete phases from raw material extmction or
chemical fuel synthesiz to consumption in the slsctrochemical reaction as a cradle-to-
grave appraach. The LCA study & performed using GaBi softwars, whers the sslacted
impact assessment methodology i ReCiPe 108, The selsctsd envimnmental impact
categories are climate change, foss] depletion, buman toxicity, water depletion, par-
ticulate matter formation, and photochemical oxidant formation. The producton
pathways of the feed gases am sslected based on the mature technologies as well as
emerging water alzctralysis via wind slectricity. Natural gas i sxtracted from the wells
and processed in the processing plant to be fad to SOFC. Hydrogen is generated by
steam methane reforming method using the natural gas in the plant. Methand & ako
produced by steam methans mforming and methano] synthesis reaction. Ammonia i
symthesized using the hydmgen dstained from steam methane reformingand combined
with nitrogen from airin a Haber-Bosch plant. Both hydrogen and ammonia are also
produced via wind snergy-driven decentralized slactmlysiz in arder to emphasize the
cleaner fusl producton. The results of this study show that feeding SOFC systems with
carbon-free fuels sliminates the greenhouss gas emissions during opertion, howsver
additional steps required for natuml gas to hydmogen, ammonia and methans] con-
version, make the complete process mare envimnmentally problematic. However, if
hydmgen and ammomia are poduced from mnewable sources such as wind-based
alectricity, the environmental impacts reduce sigrificantly, yielding about 005 and
016 kg CO; #q., respactively, per KWh slsctricity generation fram SOFC.
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