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The surge i methanol demand as a fuel source, coupled with global resource competition, necessitabes inno-
wative routes for bulk chemical production, including methanal. China, a prominent methaned producer and
cansumer, drives industry expansion, mising substantial environmental concerns. This article compares the state-
of-the-art “Hyuid sunlight™ methanal production technology with traditional pathways throsgh o cradle-to-gate
lifir eycle assessment. The research analyzed ten environmental Inmpact categories and two endpedn: categories. It
revenlsd that the coal gasification to methanol has the mast severe comprehensive environmental impact, which
is ZL0-3.6 tines teat af the sther lour rowes. For these five techralagical rowtes, 75% to B1% of the impact is on
ecasystem damage, followed by 108 to 12% on human health damage, This research find that adopring 1005
clean energy electricity can reduces of 79.6%, 64.4%, B1.4%, and 81.0% in cumulative impacts for coal gasi-
Ficationcoal coking/nanral g Monass w methanc] by sersitivity analysis and electricity optimization. 1n the
C0y capiure rowte, the petential reduction achieved 54.9% by elecincity optimization, while the impact can be
loweered by 85.2% when optimizing both steam and electricity. To ensure competitiveness, G0y capture o
methanal roane must be cambined with clean electricity resources. In summary, medifying rechnalogy or api-
mixzing chean electric power can advance the methaned indusiry towards sustainable goals.

1. Introduction

In the 19505, China's methansd industry emerged, undergoing
accelerated technological upgrading and transformation o become a
major producer, Methanol, known as “clean coal,” “cheap oil,” “mobile
electricity,” and “liquid hydrogen,” finds extensive application across
industries, from chemicals to energy (1], G.A. Olah's[2] proposition of
the “Methanol economy” anticipates its heightened prominence in the
coming years, potentially ushering in a mew fuel era. Currently, global
methano] demand has doubled in the past decade, reaching 107 milllen
tons[ 2. With a 99,47 million-tem praduction capacity in 2022—an
B.E4% increase from the previous year—China leads the world methanms]
industry in terms of new production capacity, In the same year, China's
methans] production reached 8,306 million tons, marking a .27% year-
on-year rise| ], Methanol demand is still rising, propelled by conslstent

damestic sconomic growth and quicker developments in the chemical,
clectronics, and auomotive industrics.[5]. Data indicates a notable
surge in methanol consumption in China, reaching 7.808 million tons in
apparent consumption in 2021, 8 5.96% increase from the previous vear
[], This trend intensified in 2022, with apparent methanol consump-
tion hitting 90 million wons, reflecting a 15.26% year-on-year rise] 7

Methanol, a vital chemlical raw materlal, primarily serves downsiream
industries like olefins and acetic acid[2], In 2021, methanol o olefins
aecounled for S0.59% of demand, followed by methanal fuel al 15.66%
[5]. Diverse technologles presently produce methanol from fossll fuels
such as natural gas, coal, crude oil, and biomass[]. In China, the
resguree distribution - “more coal, less oil, and les gag™(4.10) has his-
torically favored the coalto-olefins route [58% in 2017), with coal-to-
gas [17%) and natural gasto-methanol (14%) following suig[01],
Methanol produetion, characterized by high energy Intensity, often

Abbwrevinions: OGTM, Coal Gasification 1o Methancl; COTM, Ceal Coling 1o Methanaol, BOTM, Biomass 1o Methanol; NGTM. Natural Gas to Methanel; CCTM, €0,
Capture te Methanol; ADP, abiotic depletion potential; AFFD®, fossil fuel depletion potential; ODP, azone depletion patential; HTP, human toxicity potential; POOP,
photochemical oxidation petential; TETP, terrestrial eootoxicity potential; EF, eutrophication potential.; AP, acidiicaion potential; MAETP, marine aquatic soo-
ity potential; FAETP, freshwater aquatic ecotoxielty patential; GWP, ghobal warming pedendial 100 years; LCA, Life Cyele Assessment; LET, Life Cycle Inventory,
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ARTICLE INFO ABSTRACT

Handling Editvor: Hulhe Qiu Methanal-based altemative energy sources are eritical to maintaining energy security, redocing
the need for all imports, and safeguarding the environment in China, However, the ase of
methancl-based fuels in the field of thermal combustion has not been thoroughly investigated.
Therefare, an evalustion of the costs, emissions, and wsage of methano] boilers = necesary, The
study finds that methancl heaters and abr source beat pumps have comparable annaal cost values.

Fapwurdi:
Methanol-bied fucl
Pollutant emissions
Frimgy semimoes

Thermal combsstian Methanal heating furnaces emit the least amaunt af NOx and produce no S0, After the refurhish-

Efficinmey ment, the boiler's emissions amd energy consumption have significantly decreased wpon conver-

MO slom of coal-firsd steam bailers to methanol-hased fuel ot water bodlers. Mevertheless, the eoon-
amy has also somewhat declined. Addiionally, 5459 tee (standard coal) less energy will be used
dluring the heating season, and 1.8 millivn CHY less will be spent om dust removal and desulfur-
ization, Unformenacely, the ceonomic benefits of methanol are only apparent when the cost of
methancl fuel is less than 1900 CNY /. The research presented in this paper provides an essential
technuhogical foundation for the development of methanol-fueled fuel bumers and for the reno-
watlon of small and medium-sized coal-fred bollers,

1. Introduction

1.1. Backgronmd

The two biggest Issues facing China's energy sector currently are climate change and environmental pollution, with one of the pri-
mary causes of environmental pollution being coal-fired boiler heating [1,2], China started requiring coal-fired boilers with a capac-
ity of less than 35 t/A 1o be phased out and shut down in 2015 [3]. The coal-fired boilers with a capacity of more than 35 1/ will be
upgraded to meet the national and provinclal energy efficlency standards and pollutant emission requirements [4].

In China, 750 million tons of coal were used annually for coal-fired power generation, industrial boilers, and ather kilns in 2018,
O this, 2.6 ons of ©05, 8.5 kg of 50y, and 7.4 kg of NOx were produced for every ton of coal burmed in industrial boilers [5]. In addi-
tion to wasting energy, this is now the primary contributor to alr polloton and the greenhouse impact. Fig. 1 shows more fuel kinds.
Mamely, coal, crade oil, and natural gas emit more COy and major pollatants (MO, 50y, PM), whereas liquid sunlight fuels, such as
methanol or hydrogen, emit less, with methanol emining only 45 €Oy, 34 NOx, and none other pollutants. Methanol is undoubredly
simple wo store and move over the globe, Methanol-based fuel has a promising fumire as a sustainable substince energy source for in-
dustrial bailers that burm coal [6-5].

In 1990, Nobel laureate George A, Olah proposed the concept of methanol economy, replacing fossil resources with renewable
methamol [9,10]. Furthermore, methanol-based gasoline has been around since the early 1970s. Methanol-based gasoline has entered
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1. Introduction

ABSTREACT

The outstanding advantages of methanol such as low pollutant emissions of nitrogen oxides [MOx) aned
carbon monoxide [C0) make it 2 promising dean-burning feel. Despite, the Latent heat of vaparization of
miethanol is 3.70 times that of gasoline, the bow beatng value of methanod is one of the most critical barriers
o its effective utilization in industrial applications. Thus, the methansl bumer needs to be effectively
designed to determine the desired combustion characteristies and the optimal design of this type of dean
burmer. Hence, this study presents a compurational Auwid dynambc analysis on the combustion character-
wstics of a methanol swirling burner with two layers of swirding blades. A particular focus of this study is
emplasized on the effecs of different swirling blade angles [45%+45°, 80" #60°, and 45°+60°] and variows
equivalence ratios (0.5, 0.75, 1.0, 125, and 1.75) on the combustion characteristics and pollutants formation
of the swirl bumer. The velacity and temperature profiles, combustion characteristics, and concentrations of
major combustion species are analyzed in detail. The results show that the Bade angle arrangement of
45+ B0° exhibirs the best combustion characteristics in comparison with the other blade angle arrange-
meents, [t is also foune that the BA, with an equivalent ratio in the range of 10-1,25 shows the best per-
formance in the emissions of NOx and CO compared with other combinations of swirling blade
arrangerments and equivalence ratios. More specifically, the optimal equivalence ratio ranges from 1.0 to
1.25 at which the MOx and C0 emissions are measured to be 270 and 11,0 mg/m®, respectively,

0 2021 Institwtion of Chemical Engineers. Published by EBevier BV, All rights reserved.

gaseous fuel because it is widely available as a product of coal ga-
sification and can be easily transported at ambient temperature and

The increase in the usage of coal, as a source of energy, con-
tributed to 33% of Particulate Matter [FM), 27% of S0x emissions, and
9% MOx emissions in China, as shown in Fig. 1. Therefore, China's air
pellution contrel action plan issued by the Chinese State Council
urged to reduce the use of coal boilers and search for new energy
bailers, environmentally friendly sources, and energy-efficient (Lo
el al. 20200 Geng el al. 2019% At present, natural gas is still ex-
pensive and the needed infrastructure is not well established in
China {Lin et al., 2000; Chaudry et al., 2014}, At present, rapid pro-
gress in sustainable eco-friendly technologies is the main trait of
mademn clean industrial applications (Zayed et al., 2020, 2019; Zhao
et al. 2021). Methanol has been regarded as an effective renewable

* Corresponding authors
E-zoat! addresses: zh

e an g wangitjueducn [

Len {1 Zhao),

pressure, Methanol has been widely used in the power field, such as
internal combustion engines, marine engines, and gas turbines, etc
[Verhelst et al.. 2009a; Diericlocet al, 2021), Moreover, methanol has
Been used & an additive in gasoline to reduce sool and particulates
for decades (\Wei et al., 2009 te et al, 2012). Recently, methanal
is also used as a clean alternative fuel in industrial boilers for
manufacturing, fosd preduction, agriculture warming, pharmaceu-
tical production process, and medical sanitation (Ran et al. 2014
Dalena et al. 2008; Olah, 2013} The usage of methanol as fuel has
reached 193 million barrels in 2006, a more than S-fold increase
since 2006, Methanal consumption is expected to continuwously in-
crease at an annual growth rate exceeding 12%, reaching 713 million
barrels [(97million metric ons) in 2022 [(Shih et al, 2018) Moreoer,
the methanol boilers show superior emission benefits of a 75% re-
duction of total emissions in terms of PM, and 50x, and NOx
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ARTICLE INFO ABSTRACT

Handling Editor: Huihe Qi This reszarch indtally presents an meernal structure oprimizaton technique through rumerical

. - investigation with the intention of addressing the issues of unstable and poorly adjustable com-

M"I'h“ 'ﬁ” | bustion Mame of porous media methanal furmace, The entire premixed combustion pechnology
ethanal fuel

" . and the flue gas waste heat evaparation technalogy are then combined in a combustian techinal-
Porers mwdinm comslbsstion
Fully premixed agy that is based an this stove strecture. As a resalt, this resobves substantially the issoes with
Nurmerical sirmilagion methancl siove empering, misfice, and wneven temperature. The fully premived methanod
conker was eventually created and put into wide production. According to the findings, the flow
rate was between (.25 and 0.7 m/s before the cooker structural mmprovement and around
0,45 ens afver, More coucially, by eliminating e losw emperamre zome of approximately 300 °C
and ralsing the temperatre to about 500 °C, the emperatare field at the cooker's exit porous
medium was much improved. Additionally, the methaned conker in the typical diffusion combus-
o mode was cutperformed by the full premived combustion technology amd Mue gas waste heat
evaporation technology in this trial in terms of complene fuel combustien with no pollutant emds-
sions. The study's findings indicate that the cooker's overall thermal efficiency is §8.2%., which
haz clear financial benefits,

1. Introduction

Compared with the traditional cooking fuels LPG and natural gas, methanol fuel is favored by the cooking industry because of its
green, clean, safe and efficient, convenient trangportation and other advantage [1]. At present, methanol stoves are mostly designed
and applied independently by enterprises, and diffusion combustion mode is adopred [2]. The flame combustion in this way is stable
and easy to control, but it is inevitable that the fuel combustion is insufficient, resulting in the thermal efficiency of less than 50% and
the high content of palluting gases in the combustion products [3,4].

An present, domestic enterprises and institutions have conducted extensive research on the technological innovation and applica-
tion expansion of methanal fuel [5], but there are few studies on it as stove fuel. The combustion of methanol fuel focuses on clean
heating, and the burser design is one of the research emphases [6]. In order wo solve the problems of high swarting temperature, slow
speed and low safery factor of methanol fuel burner, Jin et al. [7] optimized the design of 30 kW methano] fuel atmospheric bumer.
When the air temperature is 293K, the necessary incident temperature of theoretical methanol steam is only 473 K, the combustion
efficiency can reach 98%, and the maximum lemperature ean reach 2300 K, ensuring the rapid and safe start of the burmer. Ran et al.
[5] proposed a new ejector burner to solve the problem of poor adaptive alr distribution capacity of existing methanol burners. The
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Abstract: This paper presents a numerical simulation on the heat transfer of liquid sodium in a solar
receiver tube, as the liquid sodium is a promising heat-transfer candidate for the next generation
solar-power-tower (SPT) system. A comparison between three mediums—solar salt, Hitec and liquid
sodium—is presented under uniform and nonuniform heat-flux configurations. We studied the
effects of mass flow rate (Qy, ). inlet temperature (T}, ), and maximum heat flux {gsmax ), on the average
heat-transfer coefficient (1) and the friction coefficient (f) of the three mediums. The results show that
the b of liquid sodium is about 2.5 to 5 times than other bwo moelten salts when Ty, is varying from 550
to 800 K, 0y, is 1.0 kgls, and gumay is 0.1 MW/m?. For maximum heat fluxes from 0.1 to 0.3 MW/m?,
the i of liquid sodium is always an order of magnitude larger than that of Hitec and Solar-Salt (S-5),
while maintaining a small friction coefficient.

Keywords: solar-power tower; liquid sodium; solar salt; Hitec; heat flux

1. Introduction

Compared to the parabolic trough, Fresnel and dish collectors, the solar-power-tower (SPT) plant
has the remarkable advantages, such as lower electricity cost, large-scale power generation and higher
efficient thermodynamic cycles [1-3]. The SPT is equipped with a large number of heliostats on the
ground, each with a tracking mechanism that accurately reflects the reflection of sunlight onto the
receiver at the top of a tall tower. The concentrating magnification on the receiver can exceed 1000
times. One typical arrangement of the SPT receivers is the external tubular receiver designed for Solar
Two project, in which only half of the surface of the tube is exposed to solar irradiation. This may bring
about many problems, such as aggravating the plastic deformation of the receiver tube, facilitating
degradation of the selective absorptive coating and decreasing the allowable solar heat flux [4,5]. Since
the nonuniform solar heat flux tends to cause the temperature inhomogeneity of the heat-transfer fluid
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