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The Energy and Resources Institute (TERI)

V The Energy and Resources Institute (TERI)is an independent,
research organization, headquartered in New Delhi, with
regional centers in Gurugram, Bengaluru, Guwahati, Mumbai,
Panaji, and Nainital.

V TERI is powered by a 1,000+ multidisciplinary team of
scientists, engineers, economists, and sociologists

V Over five decades, TERI has established itself as a research
leader, developing evidence-based, science-backed
Interventions

V Our work spans cutting -edge innovations in renewable energy,
Green shipping, Biofuels, climate change and air quality, water,
sustainable agriculture, sustainable infrastructure,

V As a think tank, TERIhas aligned itself with global and national
priorities, including | n d ilarmbBisus net zero targets,
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V India has a 7,500 km long coastline with 12 major and 200+ non-major ports, making it one of the w o r | latgeést maritime
nations.

V Around 90%of n a t | twadeEvelume is carried by sea, highlighting this s e ¢ t significant contribution to | n d ie@pBIC
growth. India has taken proactive measures, such as the Sagar Mala Program, National Waterways Act, and Inland Vessels
Bill, to foster the development of this sector.

V With strategic geographic positioning, India aspires to be a global shipping and logistics hub, serving as a trade gateway for
Asia and beyond.

V Total marine fuel consumption by Indian ships accounted for 1.24 million tonnes (2022),comprising HFO Heavy Fuel Qil),
MDO (Marine Diesel Qil), and MGO (annual energy consumption of 55.8 Quadrillion Joules (QJ).

V HFO/MDO/MGO demand is projected for 1.43 million tonnes in 2030. The long-term trajectory expected for a gradual decline
In conventional fuel use, replaced by green fuels, LNG, hydrogen, ammonia.
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Vision 204 7: Ports of the Future

A The Maritime India Vision 2047 sets a roadmap for world-class, green, & digital ports.

(

V | n d islappisg sector has set ambitious goal to reduce carbon
footprint with a target to achieve net zero goal by 20270.

V Aims to achieve net zero emissions at all major ports by 2047

V Decarbonization strategy:

A To reduce Green House Gas emissions through use of mix of
green fuels; Biofuels, Green hydrogen, Green ammonia and
LNG and synthetic fuels including methanol (bio and E-
MINISTRY OF PORTS, SHIPPING & WATERWAYS
SOVGHRRINT OF HOMA methanol)
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National Center of excellence on Green Ports and ShiptaHGR'S

Ministry of Ports, Shipping and WaterwaoP SVY, Government of India,
established\ational Centre of Excellence for Green Port and Shipping

(NCoEGP%t The Energy and Resources Institute (TERI).

il

(1) Paradip Port Trust (ii) V. OhidambaranaPort Trust (iii) Deendayal Port
Authority (iv) Cochin Shipyard Limited

O

A To promote carbon neutrality and the circular

| | d the « K Wind Energy £%  BioFuels ms,  Fuel cell for Long
economy (CE) in the Indian maritime industry,

Haul Shipping
this center conducts a variety of studies on
policies and regulations that support green .
ports, green shipping, and the blue economy, as E Hydrogen Q@  Green Ports S0~  Solar Power

well as alternative technologies. Storage Tanks
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| n d iisapEomoting green shipping initiatives including
use of biofuels, green hydrogen and ammonia

Liquid and gaseous biofuels such as; Biodiesel,

bioethanol, bio-butanol, Bio-methanol, bio-methane/ bio-

CNG, biohydrogen and bio-LNG, have great potential for
adoption in maritime transportation . IMO frameworks
encourage India to scale LNG and biofuel adoption in the
2030 horizon

Liquid biofuels are @echnologically r e a dirgppEin fuels
for existing engines and do not require retrofitting, (can
be produced from renewable biobased resources/
biomass).

Biodiesel (oil based liquid biofuel) has similar properties
like that of conventional marine fuels and thus can be
used directly as drop in fuel for blending in marine fuel
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Different Biofuel types: Major feedstock used, and process involved
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Marine Diesel & Renewable Diesel

Dropin Biofuels

Mixture

Diesel of
Biodiesel Waste Ethan
mpo | mco | rmar | M ASTM Soybean |, op | spirui | Plastic | Lng | Peoleu | Hydr | alcohols | )
F”e't aso | aso 0 A;;! D6751(El | Diese | FAME Mfthy'_l ha na | Pyrolys | (Sagin "éG"_‘S gge_” (”}emz” (Wan
pro::/)er 8217 8217 Diesel (Elgharn gharnaw | Biofuel es;;:l Biodies | biodies is oil etal, (etaaglm (etajm e(t)h:r?ol) g and
Drop-in  biofuels are liquid bio-hydrocarbons that are i N A B e L e R B B e ) I e
functionally equivalent to petroleum fuels and are fully — ) —
: . . : - y':ﬁsc') (mzv/s (mnc;ls " - Lo | 0003 o 0.0041 | 00048 | 00036 [ 0.017 | ) ] N P
compatible with existing petroleumi nf r ast.r uct ur eelss|™ ™ | *% | Pas Pas | Pas | Pas) | Pas) pe

Density

at15°C [ <900 | <890 | 865 850 - 830 850 8306 | 839.234| 836.17 | 82698 | O 18251 011 790800 | 790
(gas) (gas) | (gas)

(kg/m?3
Characteristics : drop-in biofuels generally consist of a mixture ||| oon | sogmm |sogum| 0wz | sz | oamn | aoue | aomse| o
of many different types of hydrocarbons, the properties of Calort P
. . . . . c value 42 - - 45 37.3 42.5 - 41.39 42.53 42.28 43.29 50 4 14 225 26.8
which, just like petroleum fuels, are typically characterized by L) S
the functional characteristics of the mixture, such as ceane | g0 | sas | - | aoss | es | oas | - | ases | w27 | s | s | - | - | - | - | e
distillation profile, viscosity, acidity, etc.
Production Process: drop-i n Biofuels can be produced, Fuel RMALO 1 FAME Diesel | Soyabean | Jatropha | Spirulina
. . . . property Diesel Fuel Biofuel Methyl ester| Biodiesel biodiesel
continue to be summarized in the four broad categories oil Sme (B20) (B20)
below: (B20)
A . Viscosity at 12 15 0.003 (Pa.s) [0.0041 (Pa.s)|0.0048 (Pa.s)|0.0036 (Pa.s)
gOleochemical, 40 °C (550
g Thermochemical, Density at 15 865 850 830 839.6 839.234 836.17
gBiochemical, and °C (kg/m?
gHybnd pathways Sulphl(ll:/) 0.09 0.02 0.025 0.0011 0.0024 0.0014
content (%
Calorific 42.5 41.39 42.53
value (MJ/ 42.28
kg)
Cetane - - 48 48.68 52.7 51
number
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! Considering the | MOEN&t zero goal, Directorate
General of Shipping (DGS) in India, issued Merchant
Shipping Notice No. 16 of 2023, in November 2023 for
use of biofuels and their blends on Indian Ships.

1 DGS permits Indian ships to use biofuels, and their
blends as drop in fuels. Additionally, this notice
specifies specifications for liquid drop-in biofuels that
are compatible with heavy fuel oil (HFO),light diesel oil
(LDO,DMB), and marine gas oil (MGO).

Requirements biofuel and its blends supplied to Ships

Biofuels Standard Parameters
Biofuel Blend ISO 8217 (MARPOL ANNEX VI Lubricity
) Oxidation stability

FAME biodiesel and blend

Kinematic viscosity

EN 14214 Liquid petroleum )
Cold-flow properties only for

* * * *
G S S s

products
— biofuel component
Biodiesel Fuel Blend Stock (B100) ASTM D6751 Standard & Water content
for Middle Specification % Acid number

Distillate Fuels standards

7
L d

HVO biofuels and biofuel blends

BDN shall incorporate only
density, viscosity, water content,
Sulphur, flash point and acid
number.

EN 15940 Automotive fuels

For liquid biofuel as drop in fuel, flash Point recommended by DG shipping:

x Not less than 60 °C.

x determined by a closed cup test in accordance with  1SO 2719

Determination of flash point 6 Pensky- Martens closed cup method.

x Bunker Delivery Note should state the flash point of biofuel used

Sustainability Certification

x  No biofuels shall be supplied to ships in unblended or blended form without having been
certified by an international certification scheme, meeting its sustainability criteria.

x A Proof of Sustainability or similar documentation mentioned above should be provided
along with the Bunker Delivery Note

Biofuel blend trial case studies

Under the directives of DGS Biodiesel blend trial (B20-B-50)
studies were conducted by two major shipping companies
of India;
V' Ambuja Shipping Servies Ltd. (Ambuja Cement) and
V Great Eastern Shipping Co. Ltd.,
(in coordination with Indian Registrar of Shipping).
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Case studies on biodiesel blend tnal done by Ambuja shipping services Ltd. (ASSL)

 Trials on B20 blends on the experimental engine ] Other Benefits of Bio diesel
Applications
T 100
* Sea Trials on Abuja Mukund & Ambuja Vaibhava c02 2 !SreakThermaI Hficiency. 10%
increase
“‘ ‘l' l ‘L b) Specific Fuel Qil Consumption: 2-
* Sea Trials on remaining eight ships ] 59 Reduction
| | 35%at B30 40% at B50 Reductionof NOx ¢) Net Combustion Efficiency:
* Scaling up to B30 on AllShips blendlevels — 1ondjevels  emissionsup to Increase of Up To 10%
15% d) Panvel-Muldwarka-Surat shore
* Sea Trials on all Ships on B50 ] ower sunolv provided
CO2 emissions per unit load from ships are 1/7th of g PPV

emissions from standard size commercial truck.

* Proposed Sea Trials on HVO under guidance of DGS

Impact of B30 blend trial on GHG emission reduction
and engine performance
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Case studies on biodiesel blend trial done by Great Eastern Shipping Company Lid. |

BIOFUEL Blend trial

\ The Great Eastern

Results

g GE did IndiaEs first trials o
using biofuel Blended VLFSO

(B20 - derived form UCO).

No operational challenges faced by vessel while bunkering, handling and consumption of
biofuel blend B20M.

g No challenges were faced duri " _ e

Observed that for Main Engine NOx ppm was reduced by 3.75% during Loaded passage &
Impact: 2.32% during Ballast Voyage as compared to VLSFQ.

Reduction of 2.68% during Ballast voyage and 4.31% during loaded voyage was observed
g CO2 Emi ssi omMi%cemnpareditda VEIFO 8 BMGO. for CO2 emission (as per tank to wake). Considering life Cycle analysis as declared by the

(depending on Blend Ratio)

fuel supplier, the well to wake emission saving for CO2 was found to be approx.20 %.

For Auxiliary Engine the emission reduction for NOx was 12.62% and for CO2 it was 1.30%.

\ Shipping Co. Lid.

g C an be us € d on all englhes an Considering life Cycle analysis as declared by the fuel supplier, the well to wake emission no
modification and expenditure. saving for CO2 is found to be approximately 18 %.

A : : For the Auxiliary Boiler there was reduction of 26.56% for NOx & reduction of 32.47% of

g Faster implementation compare PRIy DO TIEE TS T | A RS any

downtime for ships.

CO2 as compared to the VLSFO, which is considerable if the percentage in savings as
above for LCA is added up.
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Indian Maritime Landscape: Green Initiatives

reduction in nitrogen
oxide concentration in
exhaust gase

1
] E ~0 -
Q ‘ i ) &

Biofuel blending Ensure Justin Greening Port Harnessing
with existing fuels  Time Arrivals Infrastructure Renewable Energy

the use of biofuel increases
the environmental
sustainability of marine

iIncreases specific
effective fuel
consumption

diesel engines
g G 1Y | o
Biofuel/Green Fuel Transition to fuel cell technologWarket based measures
Bunkering for long haul shipping to facilitate transition

Harmonization of Biodiesel standard for adoption in maritime transportation;

A Based on the biodiesel blend trial studies, Directorate General of Shipping, The Energy and Resources
Institute and Ministry of Ports Shipping and Waterways, took proactive initiatives in coordination with
Bureau of Indian Standard (BIS) for harmonization of Biodiesel standard for adoption in Indian
maritime sector keeping in line with ISO standard SO 8217: 2024
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Biofuel Bunkering : Pathway towards sustainability

—
T H{HIT / GOVERNMENT OF INDLA
e, 9 qfitEes i Aemrt §arad
MINISTRY OF PORTS, SHIPPING AND HAT'FRWA\'S
AraeT AEiFesTEd, 495
DIRECTORATE GENERAL OF SHIPPING,MUMBAI
DGS (Engineering) Circular No. 32 of 2025
File No. = 13=22011/5/2025-ENGG — DGS, C. No: 34580 Date: 22/07/2025 . . . . .
Subject: Biofucl Bunkering Guidelines V Directorate Genergl of S.hlpplng, India published
References: (1) Merchant Shipping Notice No. 03 of 2014 the bIOfueI bunkerlng gl.“dellne On 22/JUIy/2025

(2) Merchant Shipping Notice No. 14 of 2023

1 Background that apply to all biofuel bunkering operations
1.1 Increasing global emphasis on decarbonising the maritime sector has accelerated the adoption of Wlth'ﬂ Ind|an ports’ anChorageS’ OffShore

biofuels as a sustainable alternative to conventional marine fuels. Biofuels, particularly drop-in types

such as Fatty Acid Methyl Esters (FAME), Fatty Acid Ethyl Esters (FAEE), Straight Vegetable Oils faci | |t|e S, and territoria] wate s,

{SVO0), Hydrotreated Vegetable Oils (HVO), Bio-FT-=diesel (bio-Fischer-Tropsch diesel) and
Biomass-to-Liquid (BTL) fuels, offer considerable benefits by reducing lifecycle greenhouse gas
emissions without necessitating major modifications to existing shipboard fuel systems. However, the
absence of standardised national guidelines for biofuel bunkering operations in India introduces potential I I

challenges related to safety, fuel quality assurance, environmental protection, and operational consistency. V It Cove rS I nd Ian and Forelg n ﬂagged Vessels

1.2 This proposed circular aims to bridge these gaps by establishing a clear regulatory framework for rece|V|ng bIOfue|31 aS We” aS a” entltles InVOIVed
permitting, operational protocols, safety management, documentation, environmental safeguards, training . . .

requirements, and enforcement mechanisms specific to biofuel bunkering. By implementing these In SUppIy, Storage and dellve ry Of bIOfueIS.

guidelines, the Directorate seeks to ensure safe and reliable bunkering practices, promote the use of cleaner
fuels in alignment with India’s environmental commitments, and support the growth of sustainable
maritime infrastructure.

1.3 These guidelines are crucial for facilitating the responsible uptake of biofuels in the shipping sector,
aligning Indian practices with international conventions, and contributing to a modern, resilient, and
environmentally conscious maritime ecosystem.

1.4 The Directorate General of Shipping (IDGS), recognizing the critical need to reduce greenhouse gas
emissions and improve air quality in Indian coastal waters and port regions, issues this circular to enable
and regulate biofuel bunkering activities in accordance with established global standards and best
practices.
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Global Bioeconomy

: Bioeconomy Value (USD
Region / Country I Billi)c/)n) ue ( Key Sectors 160

iorech Biancri B 140 - BIOECONOMY 2020 - 2025 @ Covid Economy /
India 165.7 billion USD (2024) 0 oo BIadr, BIOGNCIGY, 55 insarthi Launch Others
Biopharma, Startups
120 -
STt . @ S NV —— o mCRO /BIOIT /
_ - . iotec , Genomics, Bio Mentioned in comparison in
Hatu e Ui (EiEiE manufacturing IBER 2025 PDF 100 - Research
Bio-based industries, EBIOINDUSTRIAL
~800 billion USD Sustainable agri, Bio Referenced inndian Express
innovation
~700 billion USD (approx., Synthetic biology, Biopharm: L EBIOAGRI
2023 Est.) Bio-industrials Cited inEntrepreneur
: ~400 billion USD (includes  Bioenergy, Agrdiotech, Contextual mention itBER
Stazil agribio) Forest bioeconomy 2025 PDF OBIOPHARMA
l l l l l

- Food systems, Renewable Highlighted as a global shift i
Global (Overall >4 trillion USD (Est) - T g— ABLE India 2000 2021 2022 2023 2024 2025

$ BILLION
e R N = s
R =

[

A Overlast decade, India's bio-economy sector has shown exponential growth by 16-fold, starting from $ 10 Billion in 2014 to $165.7 Billion in
2024.

A This sector is further projected to grow up to $300 billion by 2030
Driving factors ;

A Major segments contributing towards | n d iBod&tsnomy growth are; BioPharma; Bio Agri & Bio-Industrial (Biofuels, Biochemicals, Bio-
commodities), Bio-IT and Covid economy.

A Bio industrial sector including biofuels contributes for 47%bioeconomy growth

A | n d ivastEssrplus biomass availability can significantly contribute to enhance biofuel production capacity



https://www.newsonair.gov.in/indias-bioeconomy-hits-165b-dr-jitendra-singh-launches-bio-sarthi-bioeconomy-report/
https://www.newsonair.gov.in/indias-bioeconomy-hits-165b-dr-jitendra-singh-launches-bio-sarthi-bioeconomy-report/
https://www.newsonair.gov.in/indias-bioeconomy-hits-165b-dr-jitendra-singh-launches-bio-sarthi-bioeconomy-report/
https://birac.nic.in/webcontent/IBER_2024.pdf
https://indianexpress.com/article/explained/explained-economics/how-indias-bioeconomy-is-faring-the-road-ahead-9908163/
https://www.entrepreneur.com/en-in/news-and-trends/indias-bio-economy-set-to-hit-300-billion-by-2030-report/488955
https://birac.nic.in/webcontent/IBER_2024.pdf
https://birac.nic.in/webcontent/IBER_2024.pdf
https://ableindia.in/news/details/india-bioeconomy-report-2025-released

Biodiesel feedstock;

V Used Cooking Oil (UCOQO)

V Animal fat & tallow,

V Non-edible industrial vegetable oll
V Algae biomass

V Aquatic plant biomass

Non-Edible Industrial Veg Oil (in thousand MT)

m2010

m2011

@2012

m2013

@m2014

@2015

02016

o2017

02018

O2019

Biodiesel production and feed stock landscape

UCO Potential from Edible Oil (in crore
litres)

® Current (2020)
® Projected (2030)

Biodiesel Potential from UCO (in crore
litres)

B Cwrrent (2020)
® Projected (2030)

Used Cooking Oil (in thousand MT)

2010

m2011
32012
m2013
@2014

32015

O2016

g2017

02018

O2019

Animal Fats and Tallow (in thousand MT) ®201.0

&

m2011

@2012

m2013

@2014

@2015

O2016

[ 2017

02018

02019



DBTFTERI Center of Excellence on
Integrated production of Advanced
Biofuels and biecommodities

Marine algae cultivation In Mumbai coast in 100,000 liter scale specially designed photobioreactor

| | | | |
SCI ! I tlfl C Aquafeed (TERI DA-40) product developed

using lipid extracted marine algae biomass
(Raised in Mumbai Coast)

Ter1 va-40 i )

(

# Pyrolytic oil produced

advancements In i
marine algae

based advanced  onaesoms
biofuel production

.. Pilot scale lipid extraction from
wet algal slurry, through use of

a custom designed wet algal A 1.5Mhaland area (coastal sites across
Vpid extraction uni India) available for algal cultivation.

A Greta potential for marine alg2e
cultivation across the coast for
©® Lipid extracted from wet : :
Slgne [processed for generation of energy algae biomass
biodiesel production) u5|ng Sa“ne water

2 Biohydrogen produced from/l s
next generation biomass '
(algae & aquatic plant)

"l Allyl alcohol produced from glycerol,
the coproduct of biodiesel
transesterification process

B 2,3 Butane Diol produced from glycerol
(the coproduct of biodiesel transesterification
process) & commercial sugar |
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Potential oBioalcohol(Biobutanol) for adoption in maritime transportation

Due to high latent heat of
vaporization and higher

enthalpy of vaporization, n-

butanol is better than other

Butanol produces less
soot.

Butanol can play a crucial
role in reducing NOx
emissions owing to its

Favorable
Thermodynamic

* Higher energy density than ethanol A

(19.5 MJ/L vs. 29.2 MJ/L)
* Lower Reid vapor pressure (16 k Pa N

omors. high heat of vaporization properties vs. 5k Pa) y
Lower volatility
By Fumigation, dual T , and evaporative
irgi;ct;on(iystfms md BSCtOpe |°f Butanol can be blended * Butanol can be mixed with gasoline P
ends (emulsions), utanol as with diese el without .
butanolis administered i e phase separation POtEIltlal as for up to 16% by volume \ CIm1SS10ns
S Fuel blending fuel + Butanol is blended with diesel (with a >
ratio of 1:10)
J Reduced PM
1 b duced by th .
Almost 66 % of world's Bt%txgm:ir:m eogr’t())iol;l:n:ss (}if.;.,e CIMISS10NS by
butanol demand was produced bio-butanol) such as algae, \ 0
by ABE fermentation corn, and various other : : . 58 A)
(Acetone-butanol-ethanol ) | ~ | cellulose-containing crops Global market * Butanol is estimated to increase from

Butanol has a low cetane
number, which makes auto
ignition difficult, it cannot be
directly used in diesel engines

Hence, largely used as an
additive to diesel fuel

- /

trend

5.4 million tons in 2022 to about 6.7 p,
million tons by 2029

A Biobutanol as drogin fuel: 10% blending with marine fuel does not impact engines (secondary study data)
A Bioethanol as Drojin fuel for maritime section: 7% blending with marine fuel does not impact engine performance beyond this i
required additives (secondary data)
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TOTAL AND SURPLUS BIOMASS AVAILABLE FROM DIFFERENT CROPS IN INDIA




