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A. Background:

India is witnessing a significant transformation in its domestic energy landscape, with Piped
Natural Gas (PNG) emerging as a cleaner, safer, and more sustainable alternative to Liquefied
Petroleum Gas (LPG), which has long been the primary household cooking fuel. PNG offers
distinct advantages in terms of efficiency, affordability, safety, and environmental impact
making it a key enabler for India’s clean energy transition.

At the centre of this shift is the Petroleum and Natural Gas Regulatory Board (PNGRB),
established under the PNGRB Act, 2006. Over the past decade, PNGRB has prioritised the
expansion of the City Gas Distribution (CGD) network, authorising 307 Geographical Areas
(GAs) that now cover nearly the entire country—about 733 districts across 34 States and
Union Territories. Under its Minimum Work Programme (MWP) targets, PNGRB aims to
provide approximately 12.63 crore PNG connections nationwide by 2032. As of 31 August
2025, nearly 1.5 crore PNG connections have already been achieved by CGD entities,
reflecting steady progress towards this goal.

Yet, the transition from LPG to PNG is not solely about replacing the fuel. It also requires
dedicated and optimised cooking appliances designed for Safe & efficient usage of PNG. A
significant number of households continue to rely on retrofitted LPG stoves for PNG usage,
which often results in reduced efficiency, higher fuel consumption, elevated emissions, and
safety risks. This highlights the urgent need for wider adoption of BIS Standard (IS 17153) -
compliant PNG stoves, ensuring that the benefits of PNG can be realised fully and sustainably.

B. A Comparative Analysis:

Liquefied Petroleum Gas (LPG) has long been the primary cooking fuel in India. However,
with the rapid expansion of Piped Natural Gas (PNG) networks, kitchens across urban and
semi-urban areas are witnessing a significant transformation. This shift is not merely about
replacing one fuel with another—it also demands appliances that are specifically designed and
optimized for the safe and efficient use of PNG.

At present, when consumers switch from LPG to PNG, their existing LPG stoves are often
retrofitted for PNG usage. Such retrofitting, however, introduces several concerns, including
reduced thermal efficiency, higher risks of gas leakage, and increased emissions of harmful
greenhouse gases. Recognizing these issues, the Bureau of Indian Standards (BIS) introduced
IS 17153 for domestic gas stoves designed for PNG, thereby encouraging the use of BIS-
compliant stoves. Also, it may be noted that Retrofitted LPG stoves do not meet the safety and
performance standards as laid down by BIS.

To address this critical need and provide clarity for both consumers and industry stakeholders,
a comparative analysis was undertaken across three categories of domestic cooking stoves:

o Retrofitted LPG stoves used with PNG
e Standard PNG stoves (IS 17153 compliant) with minimum 68% efficiency

e Optimized PNG stoves developed by CSIR-IIP, and BPCL with minimum 70% and
74% efficiency, respectively.
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The evaluation considered key performance parameters—thermal efficiency, emissions, cost
economics, safety, and regulatory compliance—to offer a holistic assessment of stove
technologies and guide informed decision-making.

C. Key Findings from the Comparative Study:

1. Thermal Efficiency -

Thermal efficiency is the measure of how effectively a stove converts the chemical energy of
the fuel into useful heat energy for cooking. It is expressed as the percentage of the total energy
content of the fuel that is actually transferred to the cooking vessel.

A stove with higher thermal efficiency ensures faster cooking, reduced fuel consumption, and
lower emissions, as less energy is lost through incomplete combustion, heat dissipation, or
unstable flames.

I PG stoves (IS 4246)

- Retrofitted LPG Stoves
for PNG Usage

67%

40%

Thermal Efficiency(%)

3 4 5 6 7 8 9
Domestic Stoves

Chart-1 — Decrease in thermal efficiency of LPG Stoves (IS 4246) due to retrofitment for PNG usage.
(Source: CSIR-1IP)

Parameter Retrofitted Standard PNG | CSIR IIP - PNG | BPCL - PNG Stove
LPG Stove for | Stove Stove (Compliant to
PNG Usage (IS17153) (Compliant to IS17153)
I1S17153)
Thermal 40% 68 % 70% 74%
Efficiency

Table -1: Comparison of Thermal Efficiency across available PNG Cooking Stoves

(Source: CSIR -1IP & BPCL)
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Comparison of Thermal Efficiency

RETROFITTED LPG STOVE STANDARD PNG STOVE CSIRIIP-PNG STOVE BPCL - PNG STOVE
FOR PNG USAGE (1S17153)

Chart — 2 — Comparison of Thermal Efficiency across available PNG Cooking stoves

The comparison of thermal efficiency across different categories of cooking stoves highlights
significant variations in performance. Retrofitted LPG stoves used with PNG perform poorly,
with thermal efficiency dropping to below 50%, leading to higher fuel consumption and lower
cooking effectiveness.

On the other hand, Optimised IS 17153 PNG stoves developed by research institutions and
industry—such as CSIR-IIP (70%) and BPCL (74%) —demonstrate clear efficiency gains over
standard IS 17153 PNG models, reduced fuel use, and better alignment with energy
conservation goals. This comparison underscores the importance of adopting purpose-built
PNG stoves rather than relying on retrofitted alternatives, to fully realise the economic and
environmental benefits of PNG adoption.

2. Environmental Impact — Greenhouse Gas Emissions & CO/CO?2 ratio:

The CO/CO: emissions ratio is a critical indicator of the combustion quality in domestic
cooking stoves. It measures the proportion of carbon monoxide (CO), a toxic byproduct of
incomplete combustion, to carbon dioxide (CO2), the expected product of complete fuel
combustion. A lower ratio signifies cleaner and more efficient burning of fuel, ensuring both
user safety and improved indoor air quality.

According to BIS standards (IS 4246 & IS 17153), the acceptable CO/CO: ratio for cooking
appliances is < 0.02. Stoves with poor combustion—such as retrofitted LPG-to-PNG models—
tend to exceed this limit, leading to higher emissions, soot formation, and health risks. In
contrast, PNG stoves conforming to IS 17153 demonstrate very low CO/CO: ratios, reflecting
safer operation, reduced environmental impact, and better compliance with regulatory norms.
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Parameter | Standard | Retrofitted Standard | CSIRIIP - BPCL - PNG

LPG LPG Stove for | PNG PNG Stove Stove

Stove PNG Usage Stove (Compliant to (Compliant to

(IS 4246) (IS17153) | IS17153) 1S17153)
CO{COZ <0.02 ~0.02 <002 <0.02 Data not Available
Ratio

Table-2: Comparison of CO/CO2 emissions across available Cooking Stoves
(Source: CSIR -1IP)

3. Safety aspects — Flashback/Backfire, Flame-lift, Unstable Flames:

Safety remains the foremost concern when LPG stoves are retrofitted for PNG usage. Among
all stove variants, retrofitted models pose the greatest risk because they depend on makeshift
nozzles, enlarged jets, and in many cases, the drilling of critical components. Such
modifications compromise the structural integrity of the appliance, creating potential pathways
for both immediate gas leakage and delayed failures, either of which can escalate into severe
safety hazards. These alterations also disturb the thermal balance of the design, reducing
thermal efficiency and resulting in erratic gas consumption. The consequences include unstable
flames, flame lifting, frequent flashbacks, backfires, soot formation, and elevated carbon
monoxide emissions—making these stoves unsafe, inefficient, and non-compliant with
prescribed safety norms.

Flame Lift

LPG Flame PNG Flame

Picture 1 — Issue of Flame lift in case of Retrofitted LPG Stove for PNG Usage (Source: CSIR -1IP)
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Burner Holes without Flame leading to
emission of Unburnt Hydrocarbon
(UHC)

Picture 2 — Issue of incomplete combustion (Burners without flame) in case of Retrofitted LPG Stoves
for PNG usage (Source: CSIR -1IP)

Retrofitted LPG stoves used for Piped Natural Gas (PNG) applications are technically
unsuitable and often result in incomplete combustion. This incomplete combustion leads to
elevated emissions of carbon monoxide (CO), carbon dioxide (CO:), and unburned
hydrocarbons such as methane (CH4). The presence of these gases not only deteriorates indoor
air quality but also poses significant health risks to consumers. Moreover, increased methane
leakage contributes to greenhouse gas emissions, aggravating environmental concerns. Such
practices compromise both safety and efficiency, thereby undermining the intended benefits of
clean energy transition.

In contrast, dedicated PNG stoves designed in compliance with IS 17153 incorporate tested
burner geometries and pressure-matching mechanisms that ensure stable flame performance,
controlled emissions, and safe long-term operation. These features position them as a
significantly safer and more reliable option compared to retrofitted alternatives.

4. Cost Economics & Payback Analysis:

In current practice, when households shift from LPG to PNG, their existing LPG stoves (IS
4246 compliant) are commonly retrofitted for PNG usage at a nominal expense of X150-200.
While this appears cost-effective initially, such retrofitting significantly reduces the stove’s
thermal efficiency, thereby increasing fuel consumption and raising monthly gas bills.

Moreover, consumers are often reluctant to replace their existing stoves with BIS-compliant
PNG models due to the relatively higher upfront investment required. However, many are
unaware that BIS-compliant PNG stoves, owing to their superior thermal efficiency, ultimately
lead to substantial savings in PNG consumption. These savings translate into lower gas bills,
ensuring that the higher initial cost is recovered within a relatively short period.
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To provide greater transparency on this aspect, the Internal Rate of Return (IRR) based on
consumer savings in gas bills for different variants of BIS-compliant PNG stoves is illustrated

below -
Retro-fitted CSIR IIP - BPCL - PNG
S . LPG Stove | BIS Standard | pNG Stove Stove
No Details for PNG PNG Stove (Compliant to | (Compliant to
Usage (IS17153) 1S17153) 1S17153)
Note: Assuming average PNG consumption of DPNG consumer using a Retrofitted two
Burner type Stove is 0.5 SCMD
1 | [hermal ~45%* 68% 70% 74%
Efficiency
Average
o |Monthly 15 11.55 11.25 10.65
Consumption (in
SCM)
NG saved per
3 month (in SCM) - 3.45 3.75 4.35
Per unit rate of
4 | Natural gas ]/ 48.59 48.59 48.59 48.59
SCM)
(IGL-Delhi Price)
Savings per
5 month (in 3) - 168 182 211
e (ool | <150 2
6 Retro-fitment 2,500 2,500 Z2,500
Two Burner cost
Steel body (in )
Cost recovery
period of PNG 14 12
7 | Stove — - ~ 15 months
. months months
Breakeven (in
months)

Table-3: Comparison of PNG Stoves w.r.t Cost Recovery period based on fuel savings

Note:

1. (*) Thermal Efficiency of Retrofitted LPG stove for PNG usage has been considered on a
higher side to the obtain a realistic scenario.

(2) Details of PNG Stove cost and Thermal Efficiency is as per the details submitted by CSIR-
IIP & BPCL
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Comparison of PNG Stoves w.r.t Cost Recovery
Period

Cost Recovery Period (in Months)

STANDARD PNG STOVE  CSIRIIP— PNG STOVE BPCL - PNG STOVE
(1S17153)
TF - 68% TF-70% TF - 74%

Chart — 3 — Comparison of PNG Stoves w.r.t Cost Recovery Period

PNG stoves developed by CSIR-IIP & BPCL demonstrate superior performance. With
efficiencies ranging from 70% to 74%, enable consumers to save approx. 180220 per
month, resulting in a cost recovery period of approx. one year. PNG Stoves designed as per the
IS 17153 (with minimum thermal efficiency requirement of 68%) will achieve payback in
approximately 1.5 years, underscoring the financial viability and long-term savings potential
of adopting efficient, BIS-compliant PNG stoves.

D. Way forward:

Based on the comparative evaluation of PNG stoves and retrofitted LPG stoves for PNG usage
with respect to efficiency, emissions, safety, cost economics and payback analysis, it is evident
that adoption of BIS-compliant PNG stoves (IS 17153) offers substantial long-term benefits to
consumers, CGD entities and the overall PNG ecosystem. Replacing retrofitted LPG stoves
with BIS-compliant PNG stoves significantly reduces fuel consumption, emissions and safety
risks, while offering a reasonable payback period for consumers.

The PNG Stove Upgrade: S -
Retrofitted vs. Standard (IS 17153) =

/A " Retrofitted LPG Stoves for PNG Usage | A Standard PNG Stoves A\
(SMART CHOICE: Conforming to IS 17153, Efficient & Safe)

LOW ~40-45% Thermal 2 68% HIGH
Efficiency Efficiency Efficiency Efficiency i / Efficiency
HIGH Monthly fuel ‘ LOW
Consumption Nl LTS L] ’ Consumption
“‘ MORE Environmental '3,« LESS
GHG & CO Emissions Impact GHG & CO Emissions
(N A\ Unstable flame + Stable Flame
' i :::::‘:?i:tk : @ A + No Flash Back
A Soot formation [y aspec Y NoFlame Lift
5%} NON-STANDARD, * BIS COMPLIANT
Pk Retrofitting Standardisation (1s17153)

SWITCH TO STANDARDIZED PNG STOVE FOR INCREASED EFFICIENCY AND MORE SAVINGS

8|Page




For existing PNG users whom are using retrofitted LPG stoves, structured replacement
programmes such as Pay-as-You-Save, simple EMI and long-term EMI options provide
financially viable pathways without imposing upfront cost burdens. These schemes also enable
CGD entities to systematically eliminate unsafe retrofitting practices and standardise domestic
PNG usage.

For new domestic consumers transitioning from LPG to PNG, the per-month monetary savings
between a BIS-compliant LPG stove (using LPG as fuel) and a BIS-compliant PNG stove
(using PNG as fuel) are not significant at present, primarily due to the subsidised pricing of
LPG cylinders. However, adoption of PNG as a domestic cooking fuel through the use of BIS-
compliant PNG stoves offers several other substantive advantages, as detailed below:

1. Uninterrupted Supply: PNG ensures continuous gas supply, eliminating the need for
cylinder refilling and replacement.

2. Safety: Being lighter than air, PNG disperses quickly in case of leakage, thereby
reducing the risk of accumulation and related hazards.

3. Enhanced Convenience: PNG removes the need for booking refills, waiting for
deliveries, and storing cylinders, resulting in improved safety and consumer
convenience.

4. Billing: Billing is based on actual consumption recorded by calibrated meters, ensuring
transparency, preventing pilferage, and offering better cost efficiency over the long
term.

In order to promote the adoption of BIS-compliant standard PNG stoves and to facilitate a
smooth transition from retrofitted LPG-based cooking systems to safer and more efficient
PNG-based systems, a set of probable targeted consumer-centric schemes has been
conceptualised. These schemes can be opted by CGD Entities in association with PNG
Stove manufacturers to address key barriers such as upfront cost, affordability, and
consumer acceptance, while ensuring safety, efficiency, and long-term economic benefits.

The proposed approaches cater separately to existing PNG consumers currently using
retrofitted LPG stoves and to new consumers migrating from LPG to PNG, with flexible
payment mechanisms including pay-as-you-save models and EMI-based options. The
category-wise schemes, along with their intended target segments and key outcomes, are
summarised in table below -
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Target

over extended period as 8-10
years, till the cost of PNG Stove
is recovered.

ategory onsumer roposed Approac cheme ey Outcomes
C C P dA h / Sch Key O
Segment
» Pay-as-You-Save Scheme: CGD > f?{flfglggzrntchermal
entities to replace retrofitted lower mgl’l thl
LPG stoves with BIS-compliant fuel y
PNG stoves with zero or .
.. . consumption,
minimal upfront payment; stove
cost recovery
cost recovered through monthly within ~15
PNG bill equivalent to fuel months
savings for period till cost of enhance’: d
. PNG stove is recovered
Existing safety
Category — I PNG Simple EMI Option: Recovery
CONSUMers of stove cost through fixed EMIs
R . month) for next ears. ordable
of Retrofitted transition with
LJ; GS t({;/es retrofitted Note: Adoption of Standard predictable
. LPG PNG Stoves for PNG usage over billing
with Standard | stqves for retrofitted LPG Stoves will save
PNG Stove) | pNG 100-150 /month
usage Long-term Payment Option:
Minimal EMI (230/month) over
extended period such as 8-10
years, till the cost of PNG Stove
is recovered. » Inclusivity for
price-sensitive
Note: Adoption of Standard consumers
PNG Stoves for PNG usage over
retrofitted LPG Stoves will save
Z100-150 /month, till the cost of
PNG Stove is recovered.
Simple EMI Scheme:
Replacement/buy-back of LPG » Encourages
Category - 11 stove and provision of BIS- PNG adoption
o New PNG compliant PNG stove with EMIs despite modest
(Migration consumers of 40-50 per month for 4-5 fuel cost
new switching years, till the cost of PNG Stove savings
consumers from LPG is recovered
S tPGlo JopNG 7 I (30monty | 7 Redueed
PNG) upfront burden

and enhanced
acceptance

Table -3: Indicative implementation schemes for adoption of BIS compliant Standard PNG

Stoves
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E. Conclusion:

The comparative assessment of stove technologies clearly highlights that retrofitted LPG
stoves, though still widely used, are neither efficient nor safe for sustained PNG usage. They
compromise thermal efficiency, increase emissions, and pose serious safety risks, undermining
the very purpose of transitioning to a cleaner fuel. In contrast, PNG stoves designed and tested
in compliance with IS 17153 standards particularly the optimised models developed by leading
research institutions and industry players deliver superior efficiency, lower fuel consumption,
enhanced safety, and quicker cost recovery.

As India advances towards its target of over 12 crore PNG connections by 2032, the widespread
adoption of standard-compliant efficient PNG stoves becomes imperative. Their deployment,
supported through regulatory enforcement and greater consumer awareness, will not only
safeguard households but also unlock the full economic, environmental, and safety benefits of
PNG. By enabling households to cook more with less gas, these stoves reduce fuel bills while
ensuring the efficient use of a valuable resource. Efficient utilization of natural gas strengthens
energy security, extends the availability of this cleaner fuel to a larger population, eases reliance
on imports, and ensures optimal use of domestic resources. Ultimately, safe and efficient stove
technology is as critical to the clean energy transition as the fuel itself.
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