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R&D IN INDIA

he world's insatiable

demand for energy
Is placing a strain on our
finite resources. Fossil
fuels, the mainstay of our
current energy mix, are
not anly depleting but
also contributing signi-
ficantly to greenhouse gas emissions and air
pellution. In this context, the quest for sustainable
and ece-friendly alternatives has become
paramount. One such promising contender (s
Dimethyl Ether (DME), & clean-burning fuel with the
potential to revolutionise various sectors.
The Power of DME: Clean Buming and
Versatile

OME, a synthetic fuel derived from methanol
boasts several advantages over conventional
options. |t burns cleaner, emiting minimal amounts
of soot, Nitrogen Oxides {NOx), Sulfur Oxides [SOx)
and particulate matter This franslates to cleaner air
and improved public health. Furthermore, OME
exhibits = high calonfic value and thermal efficiency
comparable to fradiional fusls. making it a viable
substituta.

A Boon
Applications

DME's potental extands beyond its clean-burming
nature. It can be blended with Liguefied Petroleum
Gas (LPG) up to 20% potentially reducing India's
dependence on LPG imports This aligns with the
vision of the Fradhan Mantri Ujjwala Yojana scheme,
which aims-to provide clean cooking fuel to rural
househalds.

Seyend s clean-burning propertes, DME beasts
remarkable versatility It has emerged as a here In
the fight against envircnmental demage by replacing
ozone-deplefing chloroflucrocarbons ({GFCs) as a
propellant i aercsols.  This  eco-friendly
charaeteristic extends to its potantisl use 85 a
refrigerant. Furthermore, DME serves as a valuable
chemical bullding block. It can be a key intermediate
in the production of essential chemicals like lower
olefins, dimethyl sulfate, and methy| acetate, This not
only expands CME's applications but also presents
significant epportunities for boosfing the nation's
chemical industry:

AatmaNirbhar Bharat Through Domestic
Production

India’s current energy landscape is heavily reliant
on importad fossil fuels, expoesing the nation ic price
fluctuations and supply chain uncertsinties, DME
production from indigenous resourees like coal offers
a path towards self-reliance (Astmallirbhar Bharat).
Furthermore, DME can be produced from captured
carbon dioxide, a potential game-changerin the fight
against climate change.

A Clean Fuel for a Blue Economy

DME's suitability

INNOVATIONS

UNLOCKED

for /LPG and Industrial

for powering shigs and

submarines aligns perfectly with India's Sagarmala
Programme, which aims to promote a sustainable
and eco-friendly maritime secter. DME's clean-
burning properties can significantly reduce pollution
in coastal regions, contributing to a healthier marine
environment.

Dimethyl Ether: A Clean-Burning Fuel

for a Sustainable Future

Scaling Up the Innovation

DME production process aof CSIR-National
Chemical Laboratory (NCL) utilises & highly active,
selzctive, and cost-effective catalvst, ensuring
efficient conversion of methancl to DME. The
innavative reactor design allews for insitu product
saparation, eliminating the need for an extra
purfication step. This technology has been
successfully scaled up to a capacity of 24 liters per
day, paving the way for p/lot plant demonstrations,
Testing and Demonstration

The successful demenstration of the DME process
has generated significant intzrest from the private
seeter. CSIR-NCL, In colleboration with the Aute-
motive Research Association of India (ARAl), hes
concucted successful tests by blencing DME with
LPG in auto-riskshaws, Thesa fests vyielded
promising results, demaonstrating efficient compre-
ssicn ignition and significantly recuced cmissions
compared to conventicnal fuels.

Collaboration for Success: From Research
to Commercialisation

C8IR-MCL has actively Tostered collaboration with
key stakeholders to translate this innovative
technology inte commersial resality A Memorandum
of Understanding (Mal) and Agreement (Mod) have
besn signed with Engineers Incia Limited {FIL) for
development and commerciglisetion of DOME
technology Furthermore, discussions with major Oil
Marketing Cempanies {OMCs) are underwzy to
establish larger production units across Indis
Collaborations with bicenergy companies are also
being explored fer the green DME production.

Life Cycle Assessment

& Life Cycle Assessment (LGA} can evaluate the
envirenmentsl impact of DME productien and
utilisation throughout (& entire life cycle - from
isedstock extraction to final uss and disposal This
anzlysis would compare DME's envirenmental
footprint to conventonal fusls, providing a olear
pictura of its overall sustsinabilly Factors like tha
sourée of the feedstock (coal vs. renawable sources
like captured CO2) and production efficiency wauld
be crucial considerations in the LCA.
Techno-Economic Analysis

A Techno-Economic Analysis (TEA) can assess
the economic viability of OME production at scale.
This analysis would consider factors like capital
axpenditure, operational costs, and the projscled
selling price of CME. The TEA would also evaluate
the =sconomic
production with existing infrastructure for methanol
praduction and distribulion.

Infrastructure Development

The widespread adoption of DME necessitates the
development of a robustinfrastructure for production,
sterage, transportation, and distribution, This could
involve establishing dedicated OME production
faciines, modifying existng LFG infrastructure for
CME Elending, and devealoping & netweork of DME
refueling stations. The story can explare potential
government initiatives and public- private partner-
ships to incentivise infrastructure development.
Safety Considerations

DME, like any fuel has its awn safsty profile. The
story can delve into the safety considerations
associated  with DME  production,  starage,
transportation, and use. This can include discussions
on handling procedures, safety regulations, and the
development of traning programmes for personnel
involved in the DME value chain.

DME technolegy holds immense petential for
glebal adoption. The success story of Indian lab can
explore [ndia's potential rele in sharing this
technology with developing countries facing similar
energy security and air pollution challenges
International  collebarations  on R&D  and
infrastructure development can be explored,
Future Research Directions

The story can conclude by outhning future
research directions for DME technology. This could
include advancements in catalyst development for

INTERVIEW

Dr, Ashish Lele

Q. What are the subsequent steps and
challenges In scaling up Dimethyl Ether
(DME) production to industrial levels?

A, The Councll of Scientific and Industrial
Research - Mational Chemical Laboratory
(ESIR-NCL) is in the process of scaling up its
current. laboratory-scale Dimethyl Ether
technology, which produces 20 liters per day,
o 2 pilot plant capable of producing 250
Kilograms Per Day (KPD) as part of C8IR's flagship programme, the
Chamical Sciences for Suskinsble Processes (CSFS) Detsiled
engineering work for this pilot plant is currently underway, and it will
facilitate the validation of reaction kinetics and reactor technelogy. The
oparation of this pilot plant will yisld essential data nesded to develop
the detalled engineering package for India's first 2 5 Tonnes per Day

| {TPD) Dimethyl Ether demonstration pilot plant, CSIR-NCL aims o
establish this plant in collaboration with industry partners, leveraging
funding from the Central Hydrogen Technology (CHT) initiative and the
Ol Industry Develapment Beard (CIDB), zlong with financial
contributions frem industry stakeholders. CSIR-MCL has already
prepared the basic enginesnng packaga.far this demonstration plant.

Moreover, digital technologies are revolutionising industrial
operations. Today, tools such as Machine Learning (ML) and Artificial
Irtalligence (Al) can be employed on plant operational data to enhance
productivity, sustainability, safely, and sscunty CSIR-MCL plans to
create a digital twin of the DME plants in eellaboration with the Pune
Krowledge Clustsr (PKC) and the Centsr for Development of
Advanced Computing (C-DAC). This Initiative has already received
approval through the National Supercomputing Missian (NSM)

Q. How will CSIR-NCL conduectlife eycle and techno-economic
assessments to validate the benefits of Dimethyl Ether (DME)?

A, Ar initial life cycle analysis and techno-2conomic assessment
have been conducted at the CSIR-NCL for the existing 20 litres per day
plant. [f DME s to be a successiul substitute for Liguefied Petroleum
Gas (LPS), it s ostimated that s target cost of producton should nat
sxceed $500 per tonne. Although achisving this cost at the proposed
pilot scale is unlikely, the operatisn of the 250 Kilagrams Per Day
(KPD) plant should provide adeguate validation of the techno-
seonomics and life cycle anzlysis at the pilot scale, thereby yielding
more accurate dals to estimats the cost of production of DME at
commercial scale. This will further enhznce confidence in the
commercialisation of the tachnology. The end applications of DME are
well understood and have been discussed previously in the prapasal
There will be demand for DME ifitis priced appropriatzly. The industry
partiers involved In this preject are zlso ideally positioned to
commercialize the technalogy, provided its techno-sconomic feasibility
is established, which will become clear during this project. Therefore, it
is believed that establishing the 250 KPD pilat plant, followed by the 2.5
Tonnzg Per Day (TPD) demonstration plant for manufacturing DME,
ara ehtic2l steps fowards the commercialisstion of the technology,
sncompassing all major parameters such as heat integration, mass
balance, and automation of the plant.

. How can public-private partnerships and government
initiatives support the development of DME infrastructure?

A, Public-Private Fartnerships (FFP) are crucial for scaling up
natiorally relevant emerging technologies from laboratory-scale
development to commercial-2csle deployment While Ressarch and
Development [R&D) msututions can advance technologies from
Technclogy Readiness Level (TRL) 1 to TRL 5, further progress cannot
he realised without the collaborative efforts of industry. The so-called
"valley of death" between TRL 5 and TRL 8, alang with the associated
Commercial Readinzss Levels (CRLs), san be navigated through PPF
programmes, where publicly funded R&D/academic institutions,
industry, and governmant wark collaboratively to scale up processes
and demonstrate therr commercial and environmental viahility.

In this context, while funding frem CSIR has enabled the
development of the 20 Litres Per Day (LPD} and 25C KFD DME plants,
funding frem the Central Hydrogen Technolagy (CHT) initiative will
support the establishment of the 2.5 TPD plant Additionally, the
Automotve Ressarch Assodation of India (ARAI} has already assisted
in t2sting DME produced from CSIR-NCL plants in auto-rickshaws
Furthermare, & major industry partner in this programme is actively
working to develop the DME infrastructure and has identified that up to
a 20% blend of DME in existing LPG cylinders can be implementad
without any medifications.

Bevond that, it iz necessary to develop compatible infrastructure to
utilise DME as a fuel for cooking applications. CSIR-NCL has designed
a bumer that operates in fiex mode - allowing for 100% LPG, 100%
DME, or a blend of LPG and DME. This patented burner design has
heazn tested for its efficiency at the CSIR-NCL cafeteria and in several
households, where it has been found to perform satisfactaorily.

even more efficient and selective DME production, exploring
alternative feedstocks like biomass for even greater sustainability, and
research on advanced combustion technologies optimised for DME

use,
Contributed by: Science Media Communication Cell, CSIR-
NIScPR, New Delhi.




