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Foreword

This report is the second of two reports on low-carbon thermal energy for

the textile industry. The first report assessed low-carbon thermal energy
technologies and sources, while this report conducts a quantitative assessment
and develops a roadmap for adopting these low-carbon technologies and
energy sources in d typical wet-processing textile plant in five major textile-
producing countries: China, India, Vietham, Bangladesh, and Indonesia. Taken
together, these reports present detailed information on alternatives to fossil
fuels, especially coal, in the global textile industry; lay out specific options; and
offer roadmaps to achieve net zero emissions. The figure below summarizes
findings from the first report regarding the four key low-carbon thermal energy
technologies and alternative fuels evaluated in the following pages.

ELECTRIC BOILERS

Low-Carbon Thermal
Energy Technologies
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NATURAL GAS

BOILERS

FIGURE: ADVANTAGES AND DISADVANTAGES OF FOUR LOW-CARBON
THERMAL ENERGY TECHNOLOGIES AND ALTERNATIVE FUELS FOR
THE TEXTILE INDUSTRY, EVALUATED IN THE FIRST REPORT.

High efficiency up to 99%

Widely commercialized technology

Low CAPEX

Canreduce CO; emissions if paired with RE

Near-term increase in energy costs due to electricity
typically being more expensive than conventional fuels

May increase CO; emissions if grid is carbon-intensive

High efficiency and energy savings

Commercially available steam-generating heat
pumps can meet temperature needs up to 170°

Can reduce CO2 emissions even with
carbon-intensive grid due to high efficiency

High capital costs

May be fewer manufacturers and
suppliers in emerging markets

Potentially carbon-neutral with sustainable sourcing

Mature technology

Sustainability concerns if not from a verified waste source

High variability in fuel quality and moisture content
Logistics and storage challenges for large facilities

Local supply of sustainable biomass likely very limited

Lower direct combustion CO, emissions than coal
Lower CAPEX relative to new coal boilers

Mature technology

Methane leakage during production and transport
can negate emissions benefits

Dependence of volatile global gas markets

Not viable if a facility does not have a gas grid connection
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Executive Summary

The textile and apparel industry significantly contributes to global
greenhouse gas emissions, accounting for approximately 2% annually
(Perkins, Sadowski 2024). A major challenge is the industry’s reliance
on fossil fuel-based thermal energy for process heating (e.g., steam
production and thermal oil heating) which contributes to substantial
carbon dioxide emissions. The industry increasingly recognizes the
need to decarbonize, especially as global demand for apparel grows.

This report focuses on strategies to transition textile plants in five key
textile-producing countries (China, India, Vietnam, Bangladesh, and
Indonesia) to low-carbon thermal energy by shifting to alternative fuels
and electrification technologies. The report analyzes electrification
with electric boilers and heat pumps, and the effects of switching to
the alternative fuels of biomass and natural gas. Results are presented
for steam and thermal oil heating, which respectively account for 50-
60% and 30-40% of fuel used in a typical textile wet processing plant.

To develop a roadmap for textile plants to transition to low-carbon thermal
energy, extensive baseline data was collected on textile wet-processing
facilities in each country, including boiler systems, energy consumption,
and process-specific heat requirements. The study used detailed techno-
economic modeling to compare the performance and costs of alternative
fuels and electrification technologies against traditional fossil fuel-based
boilers, primarily coal-fired. It's important to note that the analysis was
conducted for a single, typical textile wet-processing plant in each

TABLE ES1: ASSUMED SHARES OF CORPORATE RE PROCUREMENT BY PATHWAY AND COUNTRY STUDIED

country, rather than focusing on transitioning the entire industry in those
countries to lower-carbon alternatives in the coming years. Projections
were made for energy savings, emissions reductions, and energy costs.

For electrification technologies, we assumed grid electricity would

be paired with directly procured renewable electricity (RE) (e.g. Power
Purchase Agreements, onsite generation), a growing trend in the textile
industry. We analyzed two renewable energy procurement pathways for
2030, 2035, and 2040 in each country, differing by the share of procured
RE relative to grid electricity: Baseline RE Procurement and Ambitious

RE Procurement. Additionally, for steam-producing technologies, the
capital costs and projected annual operating costs were used to
estimate an overall levelized cost of heat for steam generation that
allows a more direct comparison of lifetime costs for each technology.

The Baseline Grid Plus RE Procurement pathway assumes each country
will achieve its Nationally Determined Contributions (NDC’s) and, where
applicable, its stated net-zero target, and that a typical textile facility
will be able to supplement its grid electricity supply with a baseline
and increasing share of procured renewable energy. The assumed

RE share reflects the state of the corporate RE procurement market in
each country, with Ching, India, and Vietham having greater RE supply
and regulatory mechanisms to enable corporate RE procurement
relative to Indonesia and Bangladesh. The Ambitious Grid Plus RE
Procurement pathway assumes a more ambitious integration of
renewable energy into the grid and availability of RE for corporate
procurement, beyond these country’s current transition plans and
trajectories. For China, India, and Vietnam, where RE supply and policy
support for direct procurement are expanding, we assume that a typical
facility pursuing an ambitious low-carbon thermal energy transition
could procure 100% of its electricity from renewable sources by 2030.

Year Chinaq, India, and Vietham Indonesia Bangladesh
Baseline Grid Plus Ambitious Grid Plus Baseline Grid Plus Ambitious Grid Plus Baseline Grid Plus Ambitious Grid Plus
RE Procurement RE Procurement RE Procurement RE Procurement RE Procurement RE Procurement
2030 50% 100% 25% 50% 0% 30%
2035 75% 100% 50% 75% 30% 50%
2040 100% 100% 75% 100% 50% 100%
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While the Baseline Grid Plus RE Procurement Scenario is based on current
trends, it is not guaranteed. Policy, infrastructure, and finance pinch points
must be addressed to achieve the baseline scenario. However, we are
confident that our research demonstrates this scenario is likely to happen.

The countries studied would have to accelerate their energy transition
to reach the Ambitious Scenario. When estimating the feasibility and
pace of shifts to electrified technologies, the projected availability of
RE (Which delivers electricity with zero emissions) and its cost are the
key determining factors, and these factors differ significantly across
the five countries evaluated. Carbon pricing influences projected
energy prices, which drives the transition by raising the price of coal
over time and making electrification technologies more competitive.
Important differences also derive from the “starting point” of current
fuel costs as well as baseline grid emission factors for each country.

Switching to alternative fuels can result in emissions and cost savings in the
near term. Switching from coal to natural gas lowers the direct emissions
factor. However, there could be an overall increase in annual GHG emissions
relative to coal if upstream leakage of methane, a potent greenhouse

gas, is not mitigated' (Figure ES1). Additionally, natural gas has logistical
challenges that limit adoption, and higher costs and price volatility.

If sustainable biomass can be procured (e.g. agricultural residues), it is
possible to significantly reduce net CO, emissions and lower energy costs
in the near term by switching to sustainable biomass-fired boilers. In this
report, we use the term “sustainable biomass” to mean agricultural
waste where there is no deforestation risk and certified wood waste and
palm kernel shell sources. Apparel brands and textile manufacturers
should refer to existing industry frameworks for biomass procurement
such as the Institute for Sustainable Communities Guidelines for guidance
to avoid emissions increases and reputation risk through procuring
unsustainable biomass. China has relatively abundant sources of biomass,
and countries like India and Vietham are already leveraging this fuel source.
While Indonesia may have an abundance of biomass, the sustainable
supply is limited due to the risk of deforestation. Bangladesh has the least
biomass available for textile manufacturing. The feasibility of an individuall
textile facility depends on the local availability of sustainable biomass.

1 Methane mitigation requires changes in upstream natural gas infrastructure, and will
largely be carried out by the oil and gas industry rather than downstream users such as
the textile industry.
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FIGURE EST1T: COMPARISON OF ANNUAL CO, EMISSIONS FROM
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BOILERS FOR ATYPICAL TEXTILE PLANT ANALYZED IN THIS STUDY
Note: Sustainable biomass is assumed to be carbon neutral, while unsustainable biomass uses

IPCC emissions factors for direct combustion. This figure excludes biogenic emissions, which
should be accounted for in order to assess the life cycle carbon footprint of biomass.

Note: Emissions results for electrification change over time-based on electricity supply
decarbonization and are pictured in Figures ES2 and ES3
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In the longer term, sustainable biomass supply will be limited and prices
will increase, especially if widespread industry adoption raises demand.
Therefore, we conclude that electrification, as discussed below, is the
most viable long-term low-carbon solution. Textile manufacturers

and apparel brands must monitor biomass supply, transition to
electrification, and promote RE as biomass supply becomes more
expensive and sustainable biomass becomes limited. Our analysis shows

Electric Steam Boilers
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Emissions for electrified technologies are zero under
the Ambitious scenario for China, India, and Vietnam.
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RE PROCUREMENT PATHWAYS
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that alternative fuels (biomass and natural gqs) can deliver near-term
emissions savings under certain conditions; however, they are unlikely to
play arole in the long-term decarbonization journey to net zero.

Electrified technologies significantly improve efficiency and reduce
overall energy use. When paired with renewable electricity, these are the
only long-term, net-zero-compatible solutions. Our findings show that
emissions reductions can be achieved for dll electrification technologies,
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PLANT IN ALL COUNTRIES RELATIVE TO COAL AND NATURAL GAS
BOILERS, BASELINE AND AMBITIOUS RE PROCUREMENT PATHWAYS
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pathways, and countries by 2035. In particular, heat pumps, due to their
high levels of efficiency, could deliver emissions and cost savings in
every geography by 2030, even in the Baseline Grid Plus RE Procurement
pathway (Figure ES3). Starting in 2030, electric steam boilers could reduce
CO, emissions in China, India, and Vietnam relative to coal-fired boilers
when grid electricity is paired with an equal share of procured RE. However,
without a higher share of directly procured RE, Indonesia’s very high grid
emissions factor could lead to electric boilers actually increasing CO,
emissions in 2030. Similarly, in Bangladesh, electrification does not offer
near-term emissions benefits because the primary boiler fuel is natural
gas, which has a lower direct emissions factor if not procuring RE.

Results for electric hot oil boilers are similar, but slightly lower in magnitude.
Since electric boilers have less efficiency gains than heat pumps, they will
not deliver cost savings until 2035 in China, India, and Vietnam, and until
2040 in Bangladesh and Indonesia. Across all countries, electrification

with steam-generating heat pumps leads to greater efficiency gains

FIGURE ES4: LEVELIZED COST OF HEATING FOR STEAM PRODUCTION FOR
THE TECHNOLOGIES AND ELECTRICITY PATHWAYS IN THIS STUDY — CHINA

and energy savings than converting to electric steam or hot oil boilers.

In a typical textile wet-processing facility, we estimate that steam-
generating heat pumps can reduce energy by 48 GWh per year relative to
conventional steam boilers, while electric steam boilers can offer energy
savings of 18 GWh per year.

To compare the lifetime cost of low-carbon thermal energy transition, we
estimated the levelized cost of heating (LCOH) for steam production. While
electric boilers increase energy costs in 2030 compared to conventional
coal-fired boilers in the studied countries, their LCOH — accounting for
energy and other costs over the technology’s lifetime — is lower than that
of coal boilers in China (presented in Figure ES4) and India, due to projected
electricity price trends relative to coal. Additionally, carbon pricing, if
implemented, could significantly increase costs for fossil fuel-fired boilers.

In all countries, heat pumps have lower LCOH for steam production than
coal, natural gas, and electric boilers, driven by their high efficiency — even
when accounting for their high capital costs or the potential
absence of a carbon price (Figure ES4). Biomass boilers are
expected to have lower LCOH compared to fossil fuel-fired

and electric boilers; however, if biomass prices rise more than
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Corporate RE procurement mechanisms — like Power Purchase Agreements
(PPAs), green electricity tariffs, and onsite generation — can provide
companies with stable, lower-cost energy and reduced CO, emissions.
Each country’s unique context shaped the development of the country-
specific pathways in this quantitative analysis. China and India, which
have greater RE supply and regulatory mechanisms for its growth, and
Vietnam, which recently implemented policies supporting RE development
and procurement, show promising potential for CO, reductions via
electrification in the coming decade. Corporate RE procurement is less
promising for Bangladesh and Indonesia until 2040. Thus, while electrified
technologies provide the clearest and most likely path to sector
decarbonization, this analysis demonstrates the supporting factors
needed to make it possible and the role of alternative fuels along the way.

Given the potential of electrification technologies to lower emissions
and energy costs, this report provides step-by-step implementation
guidelines for electrification at a textile plant and information on
financing mechanisms in each country.2 We propose four steps for
implementing electrification, many of which can be informed by the
content in this roadmap:

Step 1: Gathering data on existing electrical systems and
fuel-fired equipment, assessing energy use, and determining
the facility’s potential for electrification.

Step 2: Planning for increased electrical loads by analyzing
current infrastructure and determining if upgrades are necessary.
Continuously reducing thermal energy needs through best practices.

Step 3: Developing feasibility assessments and evaluating
the cost, technical viability, and environmental impacts of
electrification technologies.

Step 4: Implementing the selected electrification technologies
by securing funds, obtaining permits, conducting procurement,
training staff, and installing the new systems.

2  Wedid notinclude implementation guidelines for alternative fuels as they are
widely commercialized technologies with already significant levels of adoption
in the textile industry.
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Financing mechanisms are essential for transitioning textile plants to low-
carbon thermal technologies. Key financing options include traditional bank
debt, green bonds, sustainability-linked loans, grants, and equity investments
(Apparel Impact Institute 2024). Development banks such as the Asian
Development Bank (ADB), World Bank and Asian Infrastructure Investment
Bank (AlIB), and international climate funds can offer concessional loans
and grants in countries like India, Vietnam, Bangladesh, and Indonesia.
Apparel brands and coalitions (e.g. the Future Supplier Initiative and the

Aii Fashion Climate Fund) play a critical role in guiding suppliers towards
electrification as a long-term strategy. Brands can also make longer-term
commitments to reduce investment risks and improve the business case.

Our roadmap synthesizes our analysis results to present country-

specific recommendations for stakeholders to drive low-carbon thermal
energy transition in textile plants over the next 15 years. The roadmap
recommends prioritizing electrification paired with RE procurement as a
key solution, and using sustainable biomass when sources are traceable
and verifiable, and air pollution can be managed. We also provide
recommendations to create the enabling environment for our scenarios

to be realized. Significant policy and utility-level work must be done to
enable the transition to electrification. The summary below presents broad
recommendations applicable to textile plants across the studied countries.

Apparel Brands: From 2025 to 2030, apparel brands should actively
fund pilot electrification projects and engage suppliers in reducing
their thermal load while adopting renewable energy, especially in China
and India where RE procurement is currently available. In countries with
emerging RE procurement frameworks, brands should advocate for
increased RE supply, integration, and corporate procurement mechanisms.
Sustainable biomass may be a transition solution in the near term, but
brands, alongside their manufacturers, must research the sustainability
and viability of the biomass supply or support establishing traceability
mechanisms to avoid risks, like deforestation. Ultimately, facilities should
prepare for electrification by using this roadmap and other resources to
develop electrification plans and promote the potential economic and
environmental benefits of electrification. By 2030-2035, brands should
work to scale successful pilots across their supply chains, supporting
larger adoption of low-carbon technologies and renewable energy and
engaging in policy advocacy. By 2040, they should help manufacturers
fully transition to electric systems.



Textile Manufacturers: Between 2025

and 2030, textile manufacturers should
implement pilot electrification projects

and initiate workforce training on heat
pumps and thermal load-reducing
innovations, while also exploring options
for RE procurement. During this initial

stage, manufacturers should also create
long-term investment plans, integrating
decarbonization and business strategies.
From 2030-2035, manufacturers should
expand these efforts across multiple regions,
integrating renewable energy sources and
refining workforce skills, such as experience
managing electrified heating systems.

By 2040, the goalis full electrification of
heating systems powered by renewable
energy, with potential participation in utility
programs that optimize energy use (such
as demand response).

Based on these findings and
recommendations, we developed a
simplified decision tree to guide textile
facilities in choosing the best low-carbon
thermal heating option (Figure ES5). The first
step is to assess the feasibility of corporate
RE procurement by 2030, as it is necessary
for unlocking the decarbonization potential
of electrification technologies. If feasible,
facilities should evaluate electrification
options, considering electricity-to-fuel price
ratios, the grid emissions factor, and upfront
capital when deciding between electric
boilers and heat pumps. If RE procurement
is not feasible, heat pumps can still deliver
emissions reductions even with highly
carbon-intensive grid electricity due to
their efficiency. When RE procurement is

not available, the grid emissions factor is
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FIGURE ES5: DECISION TREE FOR TEXTILE FACILITIES IN THE STUDIED COUNTRIES
SEEKING TO ADOPT LOW-CARBON THERMAL ENERGY TECHNOLOGIES

Note: the specified grid emissions factor thresholds are the emissions intensity level below which the respective electrification

technologies deliver emissions reductions
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extremely high, or there are CAPEX barriers to heat pumps,

sustainable biomass may be considered, provided there is a reliable and
verifiable supply and pollution control technologies are in place.

For facilities unable to meet these criteria, advocating for supportive

RE policies may be necessary.

This decision tree is a high-level guide and should be complemented by a
facility-specific evaluation that considers factors like boiler age, efficiency,
space, and process requirements. In all scenarios, the facility’s ability to
reduce thermal energy load requirements from production can greatly
increase the business case of low-carbon pathways.

Textile plants in China, India, Vietham, Bangladesh, and Indonesia have
significant opportunities for low-carbon thermal energy transition.
Electrification technologies and sustainable biomass can reduce
emissions and drive cost-effective energy use in the textile industry when N ‘ B
coupled with corporate renewable energy procurement. For sustainable 3 . &;
biomass, rigorous verification of sustainable sourcing and air pollution —
controls are essential.

While the roadmap is limited to five studied countries, the same logic and
frameworks can be used to evaluate low-carbon thermal energy options
in other textile-producing countries. This report’s analysis highlights that
electrification can be both environmentally and economically viable in
the near term. However, the transition requires textile plants to receive
strong support from apparel brands, policymakers, financial institutions,
and utilities. By creating favorable policies, offering financial incentives,
and modernizing infrastructure, these stakeholders can accelerate the
textile industry’s low-carbon transformation.
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1. Introduction

The textile and apparel industry currently accounts for approximately

2% of total global anthropogenic greenhouse gas (GHG) emissions
(Sadowski et al. 2021). The textile industry has grown rapidly in recent

years due to increasing demand from both developed and emerging
economies. Without dramatic changes to production modes,
environmental and climate impacts will increase. Many textile and
apparel companies are seeking opportunities to reduce their carbon
footprints and leading companies in the apparel industry have committed
to ambitious GHG reduction goals of 45% by 2030, aligned

with commitments under the Paris Agreement on climate change.

A key challenge for the textile industry in lowering its carbon footprint is

its heavy reliance on thermal energy primairily to produce steam and

hot water for production processes. Heating alone typically represents
more than half of the textile industry’s total energy demand. Textile plants
primarily generate steam for heating by combustion boilers using fossil
fuels. Thermal oil boilers (also known as hot oil boilers) are also used in
wet processing at some textile plants, typically comprising 30-40% of total
thermal energy demand. In most countries, boilers in the textile industry
use fossil fuels (coal, natural gas, or fuel oil) as an energy input, which
results in substantial carbon dioxide (CO,) emissions.

Within the context of industrial decarbonization, there are five primary
strategies, or pillars, for addressing the GHG emissions from industrial
production (Us. Department of Energy 2022):

e Material Efficiency, Aims to reduce material demand through
design optimization, reuse, recycling, and the adoption of
low-carbon alternatives.

 Energy Efficiency: Focuses on enhancing system efficiencies,
expanding energy management practices, and recovering energy.

e Electrification: Involves transitioning from fossil fuel-based heating to
electrified solutions, such as electric boilers and heat pumps, which
can be decarbonized when powered by renewable electricity sources.

« Low-Carbon Fuels, Feedstocks, and Energy Sources (LCFFES): Includes
switching to lower-carbon fuels and feedstocks for industrial production.

« Carbon Capture, Utilization, and Storage (CCUS): Encompasses
technologies that capture CO, emissions at their source, utilize them
in other processes, or store them to prevent atmospheric release.
(Note that CCUS is not technically or economically feasible for the
textile industry.)

This report focuses on the Electrification and LCFFES pillars for the
decarbonization of heating in the textile industry while recognizing other
pillars will also be critical for reaching net zero.® Electrification in particular
is more efficient in generating or transferring heat than traditional
combustion-based technologies, leading to significant energy savings that
can also translate into cost reductions. While this report does not focus on
energy efficiency, it is a core enabler of the benefits of electrification.

This study is the second in a series of reports on low-carbon thermal
energy solutions for the textile industry. The first report identified and
assessed six low-carbon thermal energy technologies and alternative
fuels for decarbonizing industry heating. This report undertakes a
quantitative techno-economic assessment of the performance potential
of four selected technologies and compares their performance to
conventional coal-fired boilers. Then, taking stock of the current status and

3  Please note, however, that energy efficiency is a key first step that is important to take in advance or in conjunction with the two pillars discussed in this report, including steps such as waste

heat recovery and waterless dyeing.
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growth potential of each technology and alternative fuel, the
report analyzes the energy, emissions, and cost savings each can
deliver between now and 2040.

The report concludes that there is a significant opportunity to
decarbonize the textile and apparel sector by shifting heat production
to lower-carbon alternative fuels (sustainable biomass) in the near
term and more efficient, clean, electrified processes in the longer term
to achieve net zero. However, there are also major challenges inherent
in this transition that, if not properly addressed, will not only prevent

success but, in the worst case, will lead to increased emissions and costs.

The performance potential of each low-carbon thermal energy
technology is very much tempered by the success of policies and
incentives that will be required to promote their competitive advantage,
maturation, and adoption. Textile manufacturers and brands thus need
detailed information and feasibility analysis for successfully transitioning
to low-carbon thermal energy at the facility level, as well as clear
roadmaps for how to achieve this transition. Thus, this report provides a
quantitative analysis of the energy, emissions, and cost implications, and
identifies the programmatic and policy needs — and key barriers to be
addressed — for each low-carbon thermal energy technology to truly
drive emissions reductions.

This report focuses on five of the top textile-producing countries: China,
India, Vietnam, Bangladesh, and Indonesia. These countries represent a
diverse range of policy, economic, and energy landscapes. Moreover, the
textile industry’s economic significance varies widely in these countries,
which affects the sector’s ability to influence policies or access limited
clean energy resources.

China is the largest textile exporter in the world by an order of magnitude.
However, due to the prominence of other major industries in China, textiles
contribute only 10% of value added in China’s manufacturing sector.
Conversely, Bangladesh's textile industry is roughly 10% the size of China’s
by global export value, but represents 57% of the total value added in
manufacturing, demonstrating its significant weight in the country’s
economy (World Bank 2024). Germany and Italy have higher textile

export value than the countries in this study (besides Chind); however,

this is due to a significantly higher price per item compared to textiles
manufactured in India, Vietham, Bangladesh, and Indonesia. China, India,

TABLE 1.1: TEXTILE INDUSTRY ECONOMIC DATA
FOR COUNTRIES ANALYZED IN THIS REPORT

Source: Hasanbeigi et al. 2024

Country Textile Export Value, Textile Share of Value
2021 (billion USD) Added in Manufacturing

China 478 10%

India 48.1 9%

Vietnam 83.4 15%

Bangladesh 49.1 57%

Indonesia 24.2 n%

Vietham, and Bangladesh are likely the top four countries in the world by
production volumes, and Indonesia is likely within the top 10.

This analysis can be replicated for other countries as sourcing
trends evolve.

For each of these five countries, we investigate low-carbon thermal
energy opportunities in typical textile plants with wet processing. We
model replacing steam-based and thermal oil heating processes with
electrification technologies. We evaluate electric steam and hot oil boilers,
steam-generating heat pumps, biomass steam and hot oil boilers, and
natural gas steam and hot oil boilers.

The results of our quantitative analysis, as well as qualitative assessment
of key market factors in each country, are used to develop a roadmap
for low-carbon thermal energy transition. All assumptions underlying our
analysis and projections are clearly documented.
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2. Low-Carbon Thermal Energy Technologies for the Textile Industry

2.1. Low-Carbon Thermal Energy Technology
Descriptions and Comparison

Many top textile-producing countries and regions use fossil fuels to meet
heating needs. Coal is a particularly carbon-intensive fuel, driving the
industry’s greenhouse gas emissions. It is also associated with harmful
onsite air pollution and other environmental problems. Notably, coal is very
heavily used in the world’s top textile-producing countries, including those
analyzed in this study: Ching, India, Vietham, and Indonesia. In Bangladesh,
natural gas is the primary boiler fuel for the textile industry.

In a typical textile plant, fabric preparation (de-sizing, bleaching, etc.),
dyeing and printing, and finishing together consume more than 50% of
thermal energy. A significant amount of thermal energy is lost during
steam generation and distribution (up to 35%) due to inefficiencies in
conventional steam boilers. Electrification technologies offer higher
efficiency, potentially reducing fossil fuel use and GHG emissions in the
textile industry. Alternative fuels, on the other hand, reduce emissions
during combustion in conventional boilers rather than improving the
boilers’ efficiency.

This study evaluates four alternative fuels and electrification technologies
for the textile industry: electric boilers for steam and hot oil heating, heat
pumps (steam only), biomass boilers for steam and hot oil heating, and
natural gas boilers for steam and hot oil heating. The subsections below
summarize each technology, followed by a direct comparison of the
opportunities they present and the barriers to their adoption. For more
detailed technology descriptions and comparisons, see the first report

in this series, “Low-Carbon Thermal Energy Technologies for the Textile
Industry” (Hasanbeigi et al. 2024).

Electric Boilers

Unlike conventional combustion boilers that burn fossil fuels like coal or
natural gas, electric boilers use electricity to generate steam or hot water
for industrial processes. Electric boilers are a mature and readily available
technology, with lower capital, installation, and maintenance costs
compared to conventional boilers. They can achieve high efficiency levels
— up to 99% — and can significantly reduce CO, emissions when powered
by a grid of a certain emissions factor threshold and/or when coupled with
renewable electricity. They also offer non-energy benefits such as reduced
onsite air pollution, faster ramp-up times, and quieter operation. However,
operation costs can be high due to the typically high costs of electricity.

Electric steam boilers are divided into two main types: electric resistance
boilers and electrode boilers.* In most textile plants, 1-3 boilers with a capacity
of 5 MW or smalller are typically sufficient to meet steam demand. Additionally,
thermal oil boilers can be electrified for textile production processes that
require medium to high temperatures, such as fabric heat setting.

Currently, electric boiler adoption rates are low due to the higher cost of
electricity compared to conventional fuels, not capital costs — electric
boilers have lower capital costs than new coal boilers. Despite their
efficiency and various operational benefits, their primary adoption
challenge is higher energy costs from switching to electricity in some
cases, adoption may lead to a near-term CO, emissions increase due to
the emissions intensity of the grid mix and/or a lack of availability of RE that
can be procured in a given country (see Section 3.1.).

Industrial Heat Pumps

Industrial heat pumps present a promising solution for low-carbon
process heat in various industrial applications, including textiles —
especially when powered by clean electricity. Heat pumps are highly
efficient because, instead of generating heat directly like conventional
boilers, they transfer and concentrate it from one source (e.g. air, water, or

4  Electric resistance boilers use electrically heated elements to transfer heat to water, while electrode boilers directly pass an electric current through water to generate steam. Electric
resistance boilers are more suitable for lower-capacity needs (less than 5 MW); electrode boilers are capable of higher capacity operation (Zuberi et al. 2021).
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waste heat from industrial processes) to where it is needed. This process
uses significantly less energy since the heat is not generated from
combustion but rather moved and amplified through a refrigeration cycle
(Figure 2.1). For every unit of energy input (electricity), a heat pump can
deliver multiple units of useful heat — often achieving efficiencies of 200%

to 500% or more, depending on the temperature differentials. This very high

efficiency can significantly reduce emissions, even if the electricity grid is
highly carbon-intensive.

Industrial heat pumps can generate steam and provide heat up to 170°C,
covering the needs of most textile processes such as dyeing and drying.®
Additionally, heat pumps do not produce on-site air pollution, and their

flexibility allows them to adjust temperature outputs for various processes.

As heat pump technology continues to improve, it could meet even higher
temperature demands.

The deployment of heat pumps in industrial settings remains limited due
to economic and technical challenges. They are not a “drop-in solution”
as electric boilers are, this presents a barrier to behavior change and

FIGURE 2.1. THERMODYNAMIC a.
REPRESENTATION OF A HEAT PUMP.

Source: Hasanbeigi et al. 2024
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5  Throughout the report, when we refer to heat pumps, we mean industrial heat pumps that can generate steam and operate at relatively high temperatures.

Low-Carbon Thermal Energy Roadmap for the Textile Industry | written by Global Efficiency Intelligence, LLC for apparel impact institute



ASSUMPTIONS ON PROJECTED
HEAT PUMP ADOPTION IN THIS STUDY

While industrial heat pumps have been adopted in other industries
and for lower temperature applications in the textile industry, based
on market growth projections, we assume that steam-generating
heat pumps will be available for textile facilities by 2030. China and
India are expected to have significant domestic manufacturing of
industrial heat pump technologies, while Vietnam, Bangladesh, and
Indonesia are expected to initially import industrial heat pumps.

Biomass Boilers

Biomass currently accounts for 7.2% of global industrial energy
consumption (I[EA 2024). The technology behind biomass boilers is mature
and widely adopted across industries for power generation and process
heating, including in the textile industry. Biomass is burned in either
fluidized bed or fixed bed boilers to generate heat for processes like steam
and thermal oil boilers.

Biomass-fired boilers have garnered interest in the textile industry due

to the potential for low-carbon energy production. Driven by apparel
brands’ 2025 coal phaseout goals, biomass boilers are already used in the
textile industry in various countries, utilizing local agricultural residues like
sugarcane bagasse, rice husks, and palm oil mill effluent.

However, the carbon benefits of biomass depend critically on its type

and how it is sourced, processed, and transported. The adoption of
sustainable biomass for COR emissions reduction depends on addressing
key challenges, as the distinction between sustainable and unsustainable
biomass is crucial in determining its effectiveness.

Sustainable biomass, often derived from certified wood waste or
agricultural residues, is considered CO,-neutral because the carbon
released during combustion is offset by the carbon absorbed during the
feedstock’s growth. However, it is not CO.e-neutral, as emissions of other
GHGs from combustion, as well as upstream emissions from land use
change, harvesting, and transportation, must also be accounted for.

Unsustainable biomass, which often involves deforestation or other land
use changes, can result in significant emissions increases and reputation
risk, undermining its environmental benefits. Comprehensive accounting
frameworks, such as those recommended by the GHG Protocol and

SBTi, emphasize the need to separately report biogenic emissions, land
use change impacts, and upstream emissions to ensure the full climate
impact of biomass use is accurately captured.

Aii encourages brands and suppliers to use the Institute for Sustainable
Communities’ Sustainable Biomass Guidelines and Risk Assessment tool.
Agricultural residues are likely the most sustainable biomass source,
as they are byproducts of existing agricultural cultivation.

Wood and wood-derived sources, the dominant biomass fuel in many
places, are a less efficient energy carrier than coal and produce more
CO, emissions per unit of energy based on IPCC guidelines (Table 2.1).
Only wood waste products from certified sources can be considered
sustainable biomass. Even wood waste sources may encourage wood
harvesting and are generally very difficult to track.

Energy crops and woody biomass are not considered sustainable
biomass sources as they can contribute to deforestation and increased
CO, emissions. Moreover, they are not guaranteed to capture as much
carbon as they produce upon combustion, negating their carbon benefits
(Stermcm et al. 2018; Searchinger et al. 2018; Camia et al. 202]). Additionally,
the first report in this series further discusses the scientific assessment of
woody biomass’ carbon impact.

TABLE 2.1: IPCC EMISSIONS FACTORS FOR BIOMASS SOURCES
Source: IPCC 2006

Type of Biomass Default CO, Emissions Factor

Wood/wood waste 12
Black liquor 95.3
Other primary solid biomass 100
Biomass fraction of municipal waste 100
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Transportation logistics further complicate the use of biomass, as its low
energy density makes it costly to transport over long distances (Searcy

et al. 2007). The biomass supply chain varies depending on the type of
feedstock and proximity to the final destination. The timeframe to collect
biomass is often limited by seasonal weather conditions and can limit the
overall amount of biomass generated. Additionally, biomass combustion
releases local air pollutants, posing health risks near industrial areas,
unless properly managed. There are commercially available technologies
to mitigate air pollution from biomass boilers, and these must accompany
biomass boiler adoption in the textile industry.

Due to these limitations, large-scale adoption of biomass in the textile
industry will be constrained by availability, cost, and environmentall
concerns. Smaller-scale operations, such as textile facilities with smalll
boilers, are better suited for biomass conversion because they require
less biomass fuel and have more manageable storage needs. However,
industry-wide scaling will face major challenges in availability as
agricultural residue supply is limited by agricultural production levels in
a given location.

In this report, we use the term sustainable biomass to mean agricultural
waste where there is no deforestation risk and certified wood waste and
palm kernel shell sources.

Natural Gas Boilers

Natural gas, a fossil fuel composed primarily of methane, is considered
an alternative energy source in the textile industry due to cleaner
combustion when compared to coal. Natural gas is an established fuel for
industrial steam and hot oil boilers in textile manufacturing, and natural
gas boilers are a widely commercialized technology. However, despite
lower CO, emissions during combustion, natural gas remains a fossil fuel,
and methane leaks during production and transportation can negate its
climate benefits, as methane is a much more potent GHG than CO..

The primary strengths of natural gas boilers include reduced direct CO,
emissions compared to coal, improved air quality with significantly lower
nitrogen and sulfur oxide emissions, and fewer safety risks associated

with mining and storage. Moreover, natural gas boilers take up less space,
offer operational flexibility and ease, and have fewer maintenance issues.
However, not all countries have affordable or accessible sources of natural

BIOGAS AS A POTENTIAL LOW-CARBON
THERMAL ENERGY SOURCE

Biogas can be a niche solution in areas where resources are
available to generate it. Some of the most currently viable sources
of biogas include landfills, animal farms, and agricultural/food
processing waste. Rice straw can be burned in biomass boilers or
converted to biogas, thereby reducing air pollution. However, there
are logistical challenges in producing biogas at the scale needed
for a textile facility. In addition, biogas is typically consumed by the
facility that produced it, such as a food processing plant. Market
availability may be scarce, and we did not specifically analyze
biogas in this report.

gas. For those that do, transitioning to natural gas involves high upfront
capital costs to retrofit or replace existing systems and secure reliable
connections to natural gas pipelines — an obstacle for many regions,
particularly in countries dependent on imports.

Challenges for adopting natural gas boilers in textile facilities include volatile
fuel prices and the reliance on continuous supply — both are vulnerable
to geopolitical tensions and natural disasters. Inadequate infrastructure
to support natural gas, such as pipelines or LNG regasification facilities,
can further complicate adoption, especially in regions without domestic
natural gas production. Additionally, addressing methane emissions from
the natural gas supply chain is essential to ensure real overall reductions
in greenhouse gas emissions. However, tracking methane emissions is still
an emerging practice. Technologies are still being developed, and it is not
possible at this time to ensure natural gas supply comes from a source
that successfully mitigated methane emissions.




FIGURE 2.2: SHARE OF NATURAL GAS CONSUMPTION THAT The ability of an individual textile facility to switch to natural gas boilers
COMES FROM IMPORTS IN THE FIVE STUDIED COUNTRIES. is highly dependent on the local natural gas infrastructure and the
Note: Natural gas consumption in Vietnam is primarily met by domestic production, feasibility of connecting to the natural gas distribution system.The
but overall consumption levels are extremely low. Source: EIA 2024. . . . 3 .
countries studied in this report largely depend on natural gas imports —

o S50% or willin the future to meet increased demand, and even though it makes
S up a minimal part of their total energy supply it will be difficult to source.
§ Bangladesh faces these same challenges, however, unlike the other

g ao0% countries studied it makes up the majority of their energy supply.

% s0% The following figure (2.3.) displays a cross-comparison of the studied

B technologies and the reference, coal boilers, with ratings across a range
€ of indicators based on research from the first report and the findings of
g 20% this study as discussed below. These ratings consider only the cost and

8 technical performance of the technologies without accounting for the

2 necessary policies to enable their maximum performance potential. A full
9 10% bar is the most optimal rating for each indicator.

o

2 Coal boilers are technologically mature but have the highest emissions
g 0% -— and environmental risks of the technologies considered. While they have

China India Vietnam Bangladesh Indonesia relatively high capital costs, many facilities have already incurred these
as sunk costs. The potential for CO, emissions reductions is an advantage
for the adoption of sustainable biomass boilers — if carbon-neutral
sources are available. However, other environmental risks pose a concern,
especially with regard to deforestation and land use change. For natural
gas boilers, CAPEX is typically lower than coal boilers, and non-energy
OPEX is expected to be low. Energy costs could be a deterrent given the
high and volatile gas prices in many countries. Finally, CO, emissions and
other environmental risks could pose barriers given methane leakage and
extensive transport and distribution networks.
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FIGURE 2.3: CROSS-TECHNOLOGY COMPARISON MATRIX FOR THE LOW-CARBON THERMAL
TECHNOLOGIES AND ALTERNATIVE FUELS ANALYZED IN THIS STUDY. source: Hasanbeigi et al. 2024
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Across the indicators, electric boilers and industrial heat pumps rank
highly in the most indicators due to their low non-energy OPEX, high
market growth outlook, and high efficiency. Their CO, emissions reduction
potential is very high; however, decarbonization via electrification
depends critically on either a clean electric grid with declining emissions
or areadily available and expanding supply of clean RE.

As this cross-comparison shows, the textile industry’s transition to
low-carbon thermal energy has no easy choices, with barriers ranging
from technical and financial constraints to regulatory challenges.
Despite these significant barriers, several factors are driving the
adoption of low-carbon thermal energy technologies in the textile
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industry, including technological advancements, policy support, and
shifting market demands. Technological progress has increased the
readiness and efficiency of electrification technologies, making them
more commercially viable. Climate policies, including net-zero targets
and emissions reduction commitments, are pushing governments and
apparel brands to adopt low-carbon solutions. Additionally, consumer
demand for sustainable apparel is creating bottom-up pressure on the
industry. There is also increasing awareness that switching to low-carbon
technologies lowers operational costs, improves energy efficiency, and
reduces dependence on volatile fossil fuel markets, offering both financial
and energy security benefits.
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2.2. The Importance of Corporate Renewable Electricity Procurement

for Electrified Heating Technologies

Corporate renewable energy procurement is a cornerstone to achieving
low-carbon heating through electrification in the textile industry.

Without a substantial amount of RE generation, the electricity-related
CO, emissions in manufacturing will remain higher than those from
coal-fired boilers. In the studied countries — and in many other textile-
producing countries — grid electricity heavily relies on coal and other
fossil fuels. Therefore, direct procurement of renewable energy by textile
manufacturers is essential for reducing grid-related CO, emissions.

Since many of these countries have net zero targets set a decade or more
after those of apparel brands, RE procurement will be necessary over the
long term. Without renewable energy, electrifying industrial processes in
these regions could simply shift emissions from on-site coal combustion
to upstream coal combustion, resulting in increased emissions. Therefore,
renewable energy procurement by textile manufacturers is a critical
prerequisite for realizing meaningful emissions reductions through
electrification in the near term.

Fortunately, corporate renewable energy procurement provides
companies benefits beyond reduced emissions, offering increased energy
security and cost predictability. As fossil fuel prices become increasingly
volatile and carbon pricing mechanisms emerge in more countries,
renewable energy offers a stable and potentially lower-cost long-term
solution. For textile manufacturers, securing renewable energy will not only
align their operations with decarbonization goals but also protect against

future regulatory risks such as the EU's CBAM and energy price fluctuations.

This can also boost the competitiveness of textile exporters, as global
brands increasingly prioritize low-carbon supply chains and products with
reduced environmental footprints.

Corporate renewable energy procurement can create a positive feedback
loop for broader grid decarbonization. By entering into long-term Power
Purchase Agreements, for example, corporations signal a strong demand
for renewable energy, incentivizing further investment by independent
power producers. This demand-driven market development can
accelerate the growth of renewable energy capacity. In countries like
Indonesia and Bangladesh, where renewable energy development is still
in its early stages, corporate procurement can drive policy changes and
investments to scale up renewable energy projects and make low-carbon
electrification technologies more viable for industries.

There are several main mechanisms for corporate RE procurement. Power
Purchase Agreements (PPAs) allow a company to enter into a contract
with an independent power producer, utility, or financier to purchase a
specified amount of renewable electricity, or the output from a specific
asset, at a set price over a predetermined period. This model provides a
more direct linkage between the renewable energy produced and the
electricity the company consumes. Companies can also buy renewable
electricity directly from their utility through green premium products or
through a specifically tailored renewable electricity contract, such as

a green tariff program. This arrangement simplifies the procurement
process and integrates renewable electricity directly into the company’s
energy mix. Alternately, companies may choose to invest in their own
renewable energy systems by building generation capacity on- or off-
site to produce electricity primarily for their own use. This model offers
companies control over their energy sources and reduces dependence on
external electricity suppliers.

Country-specific mechanisms are discussed in the next chapter.
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Apparel brands, while not direct signatories to PPAs and other RE
procurement mechanisms, can play an enabling role by supporting
textile manufacturers in navigating these mechanisms, providing
technical and financial assistance, and advocating for more favorable
renewable energy policies. By working together, apparel brands can
aggregate demand across multiple suppliers to negotiate better terms,
and commit to long-term partnerships with manufacturers, incentivizing

investment in renewable energy.

FIGURE 2.4: OVERVIEW OF MECHANISMS FOR CORPORATE RE PROCUREMENT. source: adapted from Clean Energy Solutions Center 2019
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2.3. Key Pinch Points To Adoption Of Low-Carbon Thermal Energy Technologies

In The Textile Industry

Each country faces unique challenges in adopting low-carbon thermal
energy technologies, as discussed in detail in Chapter 3. However, to frame
the techno-economic analysis that comes next in this report, we first need
to summarize key pinch points identified by country.

The low cost of coal relative to grid electricity is a major issue across
countries except Bangladesh, which primarily uses natural gas for heating
in its textile industry. Another challenge for electrification is the need for
most facilities to upgrade associated electrical equipment in preparation
forincreased loads (e.g. transformers and cqbles), increasing overall costs.
This would be supported by a reduction in thermal energy use through
efficiency and innovation. Regulatory and logistical issues hinder consistent
access to biomass in all of these countries as well.

Vietnam and Indonesia have limited mechanisms for corporate renewable
procurement, with only early-stage mechanisms that are not yet available
at scale for textile facilities. Bangladesh, with its unstable grid and high
dependence on imported Liquified Natural Gas (LNG), has particularly
limited options for electrification and an underdeveloped framework

for renewable procurement and industrial-scale biomass use. However,
corporate RE procurement in each country is developing rapidly due to
falling RE costs and increased corporate interest.

Given these challenges, successfully implementing any of the
technologies modeled in this report requires an understanding of both the
techno-economic potential of each technology and the critical policies,
regulations, programs, and incentives needed to deliver their success.
Thus, to develop a roadmap for the low-carbon thermal energy transition,
we must identify the most important policies, regulations, programs,

and incentives; assess the current status; and project their growth and
maturation over the coming decades. Since their current status and
maturity vary from country to country, we must model the transition
individually for each assessed country.

The following section analyzes each of the four low-carbon thermal
energy options, offering transparent assumptions on techno-economic
performance and a qualitative assessment of the policies, regulations,
programs, and incentives necessary to achieve the projected results.
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Summarizes these varying pinch points, which highlight the need for tailored strategies in each country.

TABLE 2.2: KEY PINCH POINTS BY COUNTRY AND LOW-CARBON THERMAL ENERGY TECHNOLOGY

Country Natural Gas Boilers Sustainable Biomass Boilers Electric Boilers Heat Pumps
China « Natural gas supply is + Regional variation in biomass availability « High energy costs in the near term « Technology availability in
largely imported, making and costs based on the electricity-to-fuel the Chinese market for high-
scale-up challenging . . price ratio temperature industrial heat
+ Competing demands for sustainable ; i
. I . h . . . . pumps is currently limited
« Competing priorities biomass sources from other industries and | « High grid emissions factor
for the limited supply of the electric power sector
natural gas » Moderate supply of RE for corporate
« Industrial clusters too large to supply procurement, but not yet ready
sustainable biomass for scaling across the entire textile
. . . . industry
» Ban on biomass boilers in some provinces
India « Natural gas supply is « Logistical and storage challenges for « High grid emissions factor « Capital costs are very high
largely imported and biomass for large industrial users in c to RE ; Technol ilability still
relatively expensive textile-producing regions * Lorporate Rt procuremen * lechnology availability sti
increasingly available, but 24/7 emerging in the Indian market
« Natural gas distribution supply is limited
infrastructure limited
Vietham « Competing demand for « Competing demand for agricultural + High grid emissions factor « Capital costs are very high
limited natural gas supply residues from local communities, exports, .
: * Nascent corporate RE procurement | « Heat pump suppliers have not yet
. . and the electric power sector . ) . ) .
« Growing reliance on mechanisms just established in entered the Vietnamese market
imported natural gas 2024 face regulatory and scale-up
challenges
Bangladesh NA - reference fuel « Limited industrial biomass market due to « Grid reliability issues « Grid reliability issues
household and small-scale uses
« Lack of corporate RE procurement « Lack of corporate RE procurement
- Limited infrastructure for large-scale framework at present framework at present
biomass adoption L L
* Limited RE supply * Limited RE supply
« Limited technology availability
Indonesia « Natural gas distribution « High risk of biomass scale-up contributing | « High grid emissions factor « Limited RE supply
infrastructure is to tropical deforestation issues Limited RE | Very limited hani ¢
challenging and expensive Competing demand for limited biomass e PPy . cg:yc;;BIt:REmfchrr:rsnrzi\tor
to scale up across diverse suppIIC;/ 9 - Very limited mechanisms for P P
island geographies corporate RE procurement - Limited technology availability
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3. Assessing Low-Carbon Thermal Energy Adoption in Textile Plants

3.1. Methodology and Assumptions

This section explains the methodology used to develop the quantitative
analysis that informs this report’s roadmap. Our approach involved
characterizing the current energy use and emissions profile for steam
and thermal oil heating in a typical textile wet-processing facility —
representing the majority of overall fuel use at such a facility — and then
evaluating changes in energy use, emissions, and costs when switching
to each evaluated electrification technologies and alternative fuels
individually. We projected these impacts by comparing the performance
of the low-carbon technologies to the conventional boiler in 2030, 2035,
and 2040. This required detailed assumptions on electricity and fuel price
projections, among other factors, which are provided below.

First, we gathered extensive data on typical textile wet-processing
facilities, including information from a survey of dozens of textile plants
conducted for a previous study (Hasanbeigi and Zuberi 2022). This data
includes detailed information on existing boiler systems, annual fuel
consumption, energy use, heat requirements, production levels, and
process-level specifics. Aii supported us in this process, and where data
was unavailable, we supplemented it using existing data from previous
projects or online sources.

We also collected region-specific data, such as local fuel and electricity
prices and grid emissions factors. We used base year data to project costs
in 2030, 2035, and 2040, the timesteps evaluated in this study (see Table
3.3.). We also assumed that fabric production levels and energy intensity
would remain constant throughout the study.

Electricity Pathways

Although the studied countries are increasingly integrating renewable
energy into grid electricity, direct corporate procurement may accelerate
adoption more effectively than waiting for country grid improvements.
The status and growth prospects of policies and programs enabling

and expanding direct RE procurement is an important factor that varies

KEY ASSUMPTIONS FOR ELECTRICITY SUPPLY IN THIS STUDY

In this study, we assume that textile facilities will use a mix

of grid electricity and renewable energy (RE) for electrified
technologies. We assume that procured RE is lower cost than
grid electricity, and that the share of RE in electricity supply for
heating grows over time. We also assume electricity costs will
decrease over time. The projected cost and emissions factor of
grid electricity and RE drive results on costs and emissions. These
projections are shown in the assumptions table in this chapter.

The key driver of lower electricity costs is the growing
availability of low-cost RE, whether for direct procurement
or through integration into the grid. This assumption is
based on the observed trend that RE supply has increased
significantly over time, while costs have dropped.

by country. Thus, for each studied country, we developed two electricity
pathways for our typical facility that represent different shares of grid
electricity and directly procured RE:

+ Baseline Grid Plus RE Procurement Pathway
« Ambitious Grid Plus RE Procurement Pathway

These pathways allow us to assess the sensitivity of results on the
electrification technologies that respond to variations in electricity price
and emissions factors. We assume that procured RE has an emissions
factor of zero and that it can be obtained at a lower price than grid
electricity by 2030 (see Table 3.3.). Indeed, renewable electricity can
already be directly procured at lower prices than grid electricity in China
and India, and this differential is expected to continue in the future.
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The Baseline Grid Plus RE Procurement pathway assumes each country
will achieve their stated net zero target, and that a typical textile facility
will be able to supplement their grid electricity supply with a baseline and
increasing share of procured renewable energy. The studied countries

all have net zero target years beyond the scope of this study, which ends
in 2040. However, we project grid decarbonization for the analyzed time
period based on trajectories towards net zero. We obtained data on base
year grid emissions factor from IEA (2022) and projected this linearly to

the year of the net zero target. The baseline levels of RE procurement

are based on our qualitative assessment of the state of the corporate

RE procurement market in each country, with China, India, and Vietham
having greater RE supply and regulatory mechanisms to enable corporate
RE procurement relative to Indonesia and Bangladesh. This is discussed
further in Section 4.1.2.

The Ambitious Grid Plus RE Procurement pathway assumes greater
integration of renewable energy and increased RE for corporate
procurement by textile facilities, which are assumed to procure an
ambitious and increasing share of RE in addition to grid electricity. For
China, India, and Vietnam, which have rapidly expanding RE supply and
policy support for direct procurement, we assume that a typical facility
pursuing an ambitious low-carbon thermal energy transition could
procure 100% of its electricity from renewable sources by 2030.

Figure 3.1.1. Shows the projected electricity emissions factors based on

the country-specific grid emissions factor and RE procurement pathway.
All countries reach zero carbon electricity by 2040 under the Ambitious
pathway, which is meant to be a demonstration of the potential maximum
benefits of electrification.

Our price-related assumptions are presented in Table 3.3. We assumed

a carbon price of $10 in 2030, $20 in 2035, and $30 by 2040 across the
countries due to either domestic policy (e.g. China’s national emissions
trading system) or a carbon border adjustment mechanism (CBAM) as
proposed by the EU, which is likely to include textiles after 2030. Based on
expert consultations and ongoing research, we project electricity prices

TABLE 3.1: ASSUMED SHARES OF CORPORATE RE PROCUREMENT
IN THE BASELINE GRID PLUS RE PROCUREMENT PATHWAY
BY YEAR AND COUNTRY

China, India, Indonesia

and Vietham

Bangladesh

2030 50% 25% 0%
2035 75% 50% 30%
2040 100% 75% 50%

TABLE 3.2: ASSUMED SHARES OF CORPORATE RE PROCUREMENT IN
THE AMBITIOUS GRID PLUS RE PROCUREMENT PATHWAY BY YEAR
AND COUNTRY

China, India, Indonesia

and Vietham

Bangladesh

2030 100% 50% 30%
2035 100% 75% 50%
2040 100% 100% 100%

will generally decrease over time as low marginal cost RE is integrated
into grids, and fuel prices will increase. This electricity-to-fuel price ratio
is the key assumption in this analysis and roadmap. Biomass prices are
currently lower than conventional fuels in many regions, driving a current
adoption trend in the textile industry. However, prices are expected to rise
from 2030 onwards if larger scale adoption of limited sustainable biomass
resources occurs.®

6  Forexample, GEl has examined a case in which a textile facility adopted biomass sourced from local agricultural residues,

but switched back to coal within a year due to prices rising quickly locally
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FIGURE 3.1.1: ELECTRICITY EMISSIONS FACTORS BY PATHWAY AND COUNTRY ASSUMED IN THIS STUDY
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TABLE A1: COUNTRY-SPECIFIC FUEL AND ELECTRICITY PRICE ASSUMPTIONS USED IN THIS STUDY ($/KWH)

China India Vietham Bangladesh Indonesia Sources and Narrative
Coal 2030 0.023 0.027 0.022 NA 0.017 China: Lu et al. 2024, Hasanbeigi et al. 2024
India and Vietnam: GEl data from local textile manufacturers
Coal 2035 0.030 0.031 0.024 NA 0.022 Indonesia: Based on Indonesia’s reported coal price cap for industry
Coal prices are expected to rise across Asia (Mitrova et al. 2016), and drivers include
Coal 2040 0.036 0.040 0.031 NA 0.024 environmental regulation and the gradual removal of existing subsidies
China: Lu et al. 2024, Hasanbeigi et al. 2024. Natural gas prices are expected to rise
Natural Gas 2030 0.026 0.058 0.060 0.038 0.029 in China through 2050 based on IEA projections (International Energy Agency 2022).
India: EIA International Energy Outlook 2023.
Natural Gas 2035 0.038 0.063 0.065 0.041 0.031 Vietnam: Based on imported LNG prices (we project imported LNG would meet
’ ’ ’ ’ ’ industry sector natural gas demand)
Bangladesh: Based on natural gas tariff for industry (Asifur Rahman 2023)
Indonesia: GEl data from local textile manufacturers
Natural Gas 2040 0.049 0.068 0.071 0.049 0.034 The EIA projects that natural gas prices will rise across Asia through 2050.
Biomass 2030 0.019 0.014 0.016 0.014 0.016 China and Bangladesh: Base year data provided by Aii
India and Vietnam: GEI data from local textile manufacturers
Biomass 2035 0.026 0.021 0.021 0.022 0.020 Indonesia: Based on local palm kernel shell prices
Biomass 2040 0.033 0.027 0.027 0.030 0.024
Grid Electricity 2030 0.090 0.091 0.067 0.063 0.065 China: Qiu et al. 2024, Lu et al. 2024, Hasanbeigi et al. 2024
India, Vietham, and Indonesia: GEl data from local textile manufacturers
Grid Electricity 2035 0.084 0.086 0.063 0.061 0.061 Bangladesh: S&P Global, Rahman 2024
Grid Electricity 2040 0.079 0.080 0.059 0.059 0.057
Procured RE 2030 0.05 0.045 0.05 0.07 0.06 China: Base year data from RMI - Lu et al. 2023
India: Multiple expert interviews conducted by GEl
Procured RE 2035 0.045 0.04 0.045 0.055 0.055 Vietnam: CEBI, Allotrope Partners 2024
Bangladesh and Indonesia: GEl estimates based on facility-level models
Procured RE 2040 0.04 0.04 0.04 0.05 0.05

Note: Bangladesh does not currently use coal for boilers in its textile industry, and we did not evaluate a switch to coal, so coal prices are not provided for Bangladesh

Note: Grid electricity prices dre the average electricity price for industrial consumers in each country, and dynamic pricing is not modeled in this studly.

Next, we developed a detailed techno-economic model evaluating

the four technologies as alternatives to traditional coal-fired boilers

(or natural gas-fired boilers for Bangladesh). This analysis focused
on wet processing steps such as dyeing, scouring, and bleaching.

We estimated the potential efficiency gains of each technology, using
75% for a conventional steam boiler and 85% for a conventional hot oil
boiler across fuel sources. Electric steam and hot oil boilers are assumed

to have efficiencies of 99% and 98%, respectively.

Hot oil boilers are generally more efficient than steam boilers due to
lower energy losses, and they represent a significant amount of totall

fuel use at a typical wet-processing facility (30-40%). Steam boilers
experience significant steam losses during processes like blowdowns,
leaks, and condensate return systems, reducing their overall efficiency.

In contrast, hot oil boilers use thermal oil, which operates in a closed-
loop system, minimizing losses. The absence of phase change (liquid to
vapor) in thermal oil systems also prevents energy loss from vaporization.
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Additionally, thermal oil systems can operate at higher temperatures
without the need for high pressure, further improving their efficiency. We
estimated potential energy savings from electrification by comparing the
current energy use for steam production in conventional boilers with the
projected electricity demand of the electrification technologies for the
same energy service. The efficiency gains of switching drive the energy,
emissions, and cost results compared to conventional boilers.

STEAM VS. HOT OIL

In this study, we assess the replacement of both conventional
steam-generating and hot oil boilers.Steam and hot oil are both
mediums for delivering heat for processes. A typical textile wet-
processing facility uses both steam and hot oil boilers. In this studly,
we analyze replacement of both steam and hot oil boilers at a
typical textile wet-processing facility.

For heat pumps, our results are driven by the modeled coefficient

of performance (COP), which is determined by the ratio of the sink
temperature to the temperature lift, or the difference between the heat
source and sink temperatures.” We evaluated the waste heat sources at
a typical textile facility, estimating that sufficient waste heat at 60°C is
available for heat pump use (Zuberi et al. 2021). To meet the needs of a
typical wet-processing facility, steam-generating heat pumps (SGHPs)
could be installed to provide steam at two temperatures: 120 °C for
scouring, mercerizing, and washing, and 150 °C for sizing, dyeing, and
drying/heat setting. Figure 3.1.2. depicts a schematic of potential heat
pump applications at a typical textile facility, including their respective
COPs, which represent the efficiency gains from each part of the heat
pump system. A high-temperature heat pump (HTHP) can be installed to
preheat the makeup feed water to 82°C before it enters the condensate
tank for steam generation at the two specified temperatures. It should be

noted that heat sources available at temperatures above 60°C could lead

to a higher COP than currently estimated, thereby reducing the electricity
demand of the heat pumps.

FIGURE 3.1.2: INDUSTRIAL HEAT PUMP APPLICATIONS TO MEET
STEAM DEMAND AT A TYPICAL WET-PROCESSING TEXTILE FACILITY

Heat Source

@60°C
HTHP Makeup water @ 82°C
(cor7.3)
Cond. + Cond. +
makeup makeup
water @ water @

SGHP1 82°C Condensate | 82°C J|  sceHP2
(corp2.9) 7 Tank 7 (cor2))
Steam @ 120°C Condensate return Steam @ 150°C
@120°C

For biomass and natural gas boilers, we assumed similar efficiencies
but different emissions factors of combustion. We modeled both
sustainable and unsustainable biomass supply sources, assuming a
zero emissions factor (carbon neutral) for sustainable biomass and
using the IPCC emissions factor for biomass combustion in the case of
unsustainable biomass.

For natural gas, we used the emissions factor of direct combustion plus a
sensitivity analysis based on the average of multiple literature estimates
on upstream methane’s impact on the lifecycle emissions factor of natural
gas. We used the aforementioned assumed prices for cost analysis of
biomass and natural gas boilers relative to coal.

7 Due to losses in thermodynamic processes, the actual COP of a heat pump is lower than its theoretical maximum. An efficiency term is used to relate the actual COP to the theoretical
maximum, with typical efficiencies ranging between 40% and 60%. For our analysis, we use a conservative efficiency estimate of 45%.
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FIGURE 3.1.3: SCHEMATIC FOR THE LEVELIZED COST OF HEAT
FOR STEAM GENERATION CALCULATION USED IN THIS STUDY
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We also estimated capital expenditures (CAPEX) and operational
expenditures (OPEX) to develop a cash flow model that was used to
estimate the levelized cost of heating (LCOH) for steam generation for
each technology, with a new coal boiler as a reference (Figure 3..3.). The
model estimates annual expenditures over the expected lifespan of the
technology (assumed to be 20 years for each technology), utilizing net
present value (NPV) calculations to bring future costs to present value
terms. The model projects annual operational costs, factoring in different
inflation rates for various inputs. The overall capital and operational costs
are then aggregated annually over a 20-year period, discounted to the
present value, then divided by the thermal output for each technology.

This chapter presents the results of our analysis of the five countries of
interest to the report, with the following content:

+ Low-Carbon Technologies for Steam Generation — energy savings,
emissions reductions, and energy costs; levelized cost of heating for all
steam technologies in comparison.

» Low-Carbon Technologies for Hot Oil Boilers — energy savings, emissions
reductions, and energy costs.

» Potential Impacts of Electrification on the Electricity Grid — estimated
load from electrification technologies.

» The energy systems landscape in each country.

+ Low-carbon thermal energy actions roadmap.
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3.2. Textile Plants in China

3.2.1. The Energy Systems Landscape in China

To preface the quantitative findings in this section, we first dive deeper into
key aspects of Chinda’s energy systems and policies affecting the viability
of low-carbon thermal energy technology adoption. This context also
drives our assumptions for the China analysis, as detailed in Section 3.1.

As the world'’s largest coal producer and consumer, China benefits from
abundant, low-cost domestic coal and substantial fossil fuel subsidies

— totaling $2.2 trillion in 2022 — which make coal highly affordable and
reduce incentives for the textile industry to transition to cleaner energy
(Hojgaard et al., forthcoming)). On the other hand, China has the

largest installed capacity of wind and solar energy in the world and

its renewable energy supply is also the most rapidly increasing of any
country. RE in China is becoming increasingly affordable, and massive
efforts are underway to integrate RE into China’s grid. The country’s carbon
neutrality targets (peaking emissions by 2030 and achieving carbon
neutrality by 2060), the national emissions trading system, and a relatively
mature top-down regulatory framework for energy and emissions provide
strong policy incentives for companies to adopt cleaner technologies
when compared to other countries in this study. Additionally, China has
significant experience with massive-scale infrastructure development and
financing, which makes large-scale deployment of RE and low-carbon
technologies feasible. China’s recent release of sustainability reporting
guidelines for its major stock exchanges — the Shanghai, Shenzhen, and
Beijing Stock Exchanges — has created additional pressure on publicly
traded companies, including large textile manufacturers, to increase
transparency around their environmental impact (Hojgcuard etal
forthcoming). This regulatory push encourages companies to improve
energy efficiency and sustainably manage their energy consumption.

Notably, around half of Chinad’s textile industry energy use is based

on purchased heat (e.g. from a centralized steam generating plant)
(Hasanbeigi and Zuberi 2022), which would be largely outside the ability
of textile industry stakeholders and individual facilities to change. This

significantly reduces the potential CO, reduction across China’s textile
industry by half. However, the remaining half of the textile industry’s energy
use is from onsite coal and natural gas consumption. We modeled a
typical plant with this onsite heating arrangement that could adopt low-
carbon thermal energy. Below, we discuss alternative fuel availability for
biomass and natural gas in China. We also discuss China’s electric grid
and the availability of renewable electricity for corporate procurement.

Alternative Fuel Availability in China

Currently, only 4% of Chinad’s total energy supply comes from biomass
and waste sources, due to heavy reliance on established coal markets.
However, the government has adopted plans to increase biomass as an
energy source over the next few years. Agricultural residues, particularly
from cereal crops such as wheat and rice, are expected to be available
based on analysis of China'’s straw resources (agricultural residues from
cereal crops such as wheat and rice). As of 2020, China had an estimated
830 million tons of theoretical straw resources, with about 700 million tons
deemed collectible. Of this collectible straw, only 90 million tons were
utilized as straw fuel, indicating greater potential for collection (BEIPA
2024). Given the steady upward trend of grain production — 1% annually
according to the National Bureau of Statistics — total straw resources are
also expected torise.

China’s textile industry also uses other sources of biomass due to the

low calorific value of agricultural residues like straw. Textile facilities with
biomass boilers in China have been reported to use other sources like
sawdust and furniture/pallet waste. Furniture waste is also less expensive
than crop residues in some areads (BEIPA 2024).

Sourcing biomass for China’s textile industry is also challenging due to the
country’s dense industrial areas. At larger scales, the switch to biomass
becomes less feasible. Large-scale industrial operations require vast
amounts of energy, necessitating an equally large biomass supply, which
can be logistically challenging and economically unfeasible. Broadly
speaking, China’s textile production tends to be located in Central and
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Southeast provinces, while crop residues are primarily generated in the
Northeast. Storage requirements for large quantities of biomass are
significant, not only in terms of space but also in maintaining quality over
time. Moreover, the density of industries in such regions often leads to a
competitive demand for limited biomass resources, further complicating
the supply chain and escalating costs. While furniture waste may be more
energy-dense and lower cost than agricultural residues in Chinag, its long-
term supply is uncertain, especially as China’s economic growth slows.
Furniture waste will also need to be from Forest Stewardship Council- (Fsc)
certified sources to ensure the sustainability of the source.

Another barrier to sustainable biomass adoption in China is the lack of a
uniform regulatory framework, such as dedicated emissions standards
or monitoring for biomass boilers. This results in varied management
standards across regions and project approval roadblocks. Without
comprehensive statistics, it is difficult to track and certify greenhouse
gas emission reductions effectively (BEIPA 2024). In addition, a number
of provincial governments have banned biomass boilers due to local
air pollution concerns. Overall, we are not able to reach a generalized
conclusion or recommendation for biomass potential to reduce CO,
emissions in Chind’s textile industry due to regional differences in
sources and regulatory frameworks. While there are sustainable sources
available — and a growing interest from the Chinese government to
leverage these, biomass potential for the country’s textile facilities will
nheed to be evaluated on a case-by-case basis and account for local
regulations and sustainable biomass availability.

The textile industry’s ability to switch to natural gas is limited in China.
China derives 8% of its total energy supply from natural gas, and 40% of

this consumption comes from imported natural gas. This import reliance
subjects industrial consumers to volatile fossil fuel prices that can be
disrupted by changes in international markets. In addition, methane
emissions monitoring and regulation in China are still emerging (Yang et al.
2022), making upstream emissions a significant risk to the overall climate
impact of natural gas adoption.
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China’s Electricity Grid

Despite being the world leader in installation of renewable energy, China’s
grid faces challenges in integrating variable renewable energy sources like
wind and solar. This integration is key to decarbonization via electrification
if the technologies draw solely from the grid. Integrating RE into the grid

is a challenge experienced across all economies pursuing electrification.
China’s grid has faced uncharacteristic reliability challenges in the past
several years, when increasing electricity demand occurred at the same
time as coal and hydropower shortages. Additional pressure will be placed
on the grid system as multiple sectors, including transportation (e.g. electric
vehicles) and buildings, move to electrification (Hqscmbeigi et al. 2024).

Another issue is RE integration and ongoing electric power market reform,
which has been ongoing for many years. The National Development and
Reform Commission’s Document No. 118, issued in 2022, promotes the
establishment of a unified national power market system, encouraging
market integration across provinces and regions (International Energy
Agency 2024). However, challenges remain, including the need for
coordinated cross-province planning of generation and transmission
infrastructure, and transparent mechanisms to identify the least-cost mix
of resources.

Additional electrification demand in industries could exacerbate this
issue, requiring investment in grid upgrades, transmission infrastructure,
and market reform — especially to connect renewable-rich regions in the
interior with coastal industrial hubs. Textile facilities, typically located in
eastern China, lack land to install onsite generation, and their locales are
generally limited in installing new renewable capacity. Overall, however, it
is important to note that China has a highly stable grid, with a low System
Average Interruption Duration Index (SAIDI), which can facilitate the
adoption of electrification technologies by providing consistent power to
industrial users.

China’s electricity grid faces significant challenges in achieving
decarbonization through industrial electrification due to its limited inter-
provincial electricity trading and market structure. In 2022, only 12% of
electricity sales occurred between provinces, mostly through long-term
contracts rather than dynamic trading that could balance supply and
demand (Lu et al. 2024). This lack of flexibility prevents surplus renewable
energy generated in other provinces from reaching the industrial hubs in
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the eastern provinces. China began piloting an inter-provincial spot power
trading program in 2024, but full implementation of a national market is
not expected until 2030.

China has a robust policy framework supporting energy storage, which
can enhance the viability of electrification technologies. The National
Development and Reform Commission (NDRC) and the National Energy
Administration (NEA) have issued several guidelines to accelerate

the adoption of storage technologies. China’s “New Energy Storage
Development Implementation Plan” aims for 100 GW of storage by 2030,
including pumped hydro storage and batteries, of which it is a dominant
manufacturer (Hojgaard et al. forthcoming). Provincial governments, such
as those in Guangdong and Jiangsu, have also issued mandates requiring
energy storage as part of new renewable installations.

Corporate Renewable Electricity Procurement in China

China continues to lead the world in wind and solar energy development,
with 180 GW of utility-scale solar and 159 GW of wind power under
construction. By the first quarter of 2024, China’s total utility-scale solar
and wind capacity reached 758 GW, and the country added more solar in
2023 than in the previous three years combined (Yu et al. 2024). Distributed
solar has seen rapid growth, especially through the “whole county

solar” model, contributing to China’s renewable energy boom. Despite
challenges discussed earlier in this report, China is on track to meet its
renewable energy targets ahead of schedule.

This massive increase in renewable energy supply is driving China’s
corporate RE procurement market. Corporate RE procurement in China
has also grown significantly due to improved policy frameworks and clear
guidance on market mechanisms. The key mechanisms for corporate RE
procurement in China include Green Power Trading (GPT), Green Electricity
Certificates (GECs), direct investment in utility-scale projects, and on-

site distributed wind and solar installations. These mechanisms vary in
terms of maturity, scale, and pricing, each offering distinct advantages for
companies looking to source green power (Lu et al. 2023).

GPT, where corporate buyers sign contracts directly with renewable
energy developers or through a retailer to purchase green electricity

(in which case the procurement is certificate-based), is one of the most
mature options. The procurement scale is large, and prices are typically
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negotiated bilaterally. The GPT mechanism has gained momentum,

with transaction volumes increasing year on year, reaching 22,780 GWh
in 2022. Provincial governments have developed their own GPT rules, and
monthly trading sessions are now a feature in multiple provinces.
However, challenges such as varying rules across regions make it difficult
for companies operating in multiple provinces to standardize their green
power procurement strategies. Additionally, the transmission capacity
between provinces remains limited, constraining

interprovincial transactions.

GECs are a tool for companies in China to certify their green power usage,
with each GEC representing 1 MWh of non-hydro renewable energy. GECs
are often bundled with green power delivery through GPT. GEC trading is
forecast to expand, with new platforms and enhanced integration with
carbon pricing mechanisms. There are GECs are available for around

RMB 50/MWh (about $7/MWh or 7 cents per kWh), with the possibility of
negotiation for bulk purchases (Lu et al. 2023). Although renewable energy
certificate (REC)-type mechanisms have sometimes been criticized for not
contributing to additional renewable energy, GECs are officially recognized
by the Chinese government and gaining international credibility.

Corporations can also directly invest in utility-scale renewable energy
projects or acquire established RE projects. However, competition for
permits and transmission limitations can make this approach difficult, and
potentially unfeasible for smaller textile companies. Provinces increasingly
require renewable projects to include energy storage to ensure grid
stability, further raising upfront investment costs.

Companies can also directly build their own onsite wind and solar
generation to reduce electricity costs and fossil fuel consumption. This
mechanism has matured, with distributed solar installations exceeding
utility-scale capacity for the first time in 2021. These systems can be self-
consumed or sold back to the grid. Onsite generation typically provides
a10%—-20% discount on electricity prices, while owning the project could
deliver over 10% IRR (Lu et al. 2023). Although this model is becoming
more popular, there are implementation challenges and limitations on
GEC issuance for distributed projects (Ibid.). In addition, individual textile
facilities may not have the land area required for these investments.

In 2024, China charted on top consultancy EY's PPA Renewable Energy
Country Attractiveness Index for Corporate Power Purchase Agreements

(the PPA Index) for the first time, ranking 19th out of 30 ranked countries
(EY 2024). The prominent energy think tank RMI predicts that China’s
corporate RE market will go through three phases — incubation, rapid
growth, and stabilization — and that these phases will be closely related to
China’s National Emissions Trading System, or carbon market, which was
officially launched in 2017 and is rapidly developing (Patel 2024). Initially,
the market will increase supply through local pilots and subsidy-free
projects, with pricing closely tied to coal power volatility. As the market
enters a phase of rapid growth, system costs will rise to accommodate
renewable intermittency, and green power pricing will be influenced by
carbon market dynamics. Ultimately, the market is expected to stabilize
by 2030 with a unified electric market, where green power pricing is more
transparent and directly influenced by a mature carbon market (Lu et

al. 2023). As the Chinese market for corporate RE procurement is already
strong and competitive, we predict this trend will continue. Therefore, we
assume corporate RE procurement will be a strong enabler of the low
carbon thermal energy transition in China.

Based on this context, we developed assumptions to analyze how
adopting low-carbon thermal energy technology in China will affect
energy use, emissions, and costs from steam and hot oil heating at a
typical textile wet-processing facility. The RE procurement pathways for
China are as follows:

TABLE 3.2.1.: REPROCUREMENT PATHWAYS ASSUMED
FOR CHINA IN THIS STUDY

Baseline Grid Plus RE Ambitious RE
Procurement Scenario Procurement Scenario
2030 50% 100%
2035 75% 100%
2040 100% 100%

Results are presented in the next two sections.
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3.2.2. Low-Carbon Technologies

FIGURE 3.2.2: ANNUAL CO, EMISSIONS FROM COAL-FIRED
STEAM BOILERS VS. ELECTRIC STEAM BOILERS IN A TYPICAL

for Steam Generqtion TEXTILE WET-PROCESSING PLANT IN CHINA, BASELINE AND
AMBITIOUS RE PROCUREMENT PATHWAYS.

Electric Steam Boilers

Electric steam boilers can save a significant amount of energy relative

to conventional boilers. Since our assumed efficiency and production
levels are the same across the countries studied, we only present these
energy saving results once. We estimate that electric boilers could reduce
total energy use by 24% at a typical textile wet-processing facility when
compared to conventional coal-fired boilers. This equates to 18 GWh of
energy per year. Note that the results in this section and the following

FIGURE 3.2.1: ANNUAL ENERGY DEMAND FROM COAL-FIRED
STEAM BOILERS VS. ELECTRIC STEAM BOILERS AT A TYPICAL TEXTILE

Annual CO, Emissions (ktCO,/Year)

‘ Electricity

e e .Fuel

15 Emissions Emissions
are zero arezero ! e Tss 007 N
dueto dueto ! ' Emissionsare !
10 assumed assumed zero due to 1
100% RE 100% RE 1 | assumed100%RE |
L = = = a b e = = = a
5
1]
] P > <Ze P <@ P

X X .
N S W o AN < N S o
WET-PROCESSING FACILITY IN THIS STUDY, ALL COUNTRIES PO N N PO SO P N
CE P CE P CE P

Note: Since natural gas boilers are assumed to have the same efficiency as coal boilers, < < <
the results for energy savings in Bangladesh (i.e. natural gas steam boilers vs. electric steam
boilers) are the same.
Note: Conventional boilers use a small amount of electricity, which is visualized in the results
throughout this study
%\ 80 @ cicotricity sections are based on a case of a typical facility, and real-world results
0 will vary significantly based on each facility’s individual process heating
i 70 . Fuel .

< requirements.

5
fg 60 CO, reductions from reduced energy use depend upon the share of RE
=S, procurement, which delivers zero-emission electricity. CO, emissions

£ from electricity generated by coal or other fuels would result in increased
a 40 emissions. China has a strongly positive market growth outlook for RE and
P corporate procurement. Even under baseline circumstances, we project
E 30 that a typical textile plant would be able to reduce emissions.

w

S 20

c

=

T 10

=)

c

s 0

Coal-Fired Electric
Steam Boilers Steam Boilers

Low-Carbon Thermal Energy Roadmap for the Textile Industry | written by Global Efficiency Intelligence, LLC for apparel impact institute 33



In China, steam boiler electrification is expected to increase energy costs,
due to the relatively high electricity prices and low coal prices anticipated
in 2030. However, electric boiler energy costs become relatively
competitive by 2035, especially under the Ambitious RE Procurement
pathway, as the projected price ratio of electricity and coal decreases
over time (see Section 3.3.). In addition, carbon pricing may increase textile
production’s energy costs, as shown in gray in Figure 3.2.3. Without carbon
pricing, the gray bar would go to zero. Even so, electric boiler energy costs
are expected to be competitive relative to conventional coal boilers in
2040 based on decreasing RE procurement costs. Because our results

are highly sensitive to fuel and electricity prices, we present error bars of
+/- 30% for fuel and electricity prices so that readers can see the potential
range of relative energy costs. When considering shifts to electrified
technologies, RE availability and cost will be determining factors.

While electric steam boilers reduce emissions from 2030 even with
only 50% corporate RE procurement in the Baseline Grid Plus RE
Procurement pathway, the cost of RE is unlikely to make this an
attractive option until 2035-2040.

FIGURE 3.2.3: ENERGY COSTS OF COAL STEAM BOILERS
VS. ELECTRIC STEAM BOILERS, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS

Energy Costs (2023 $/kg fabric)

FIGURE 3.2.4: ANNUAL ENERGY DEMAND FROM COAL-FIRED STEAM
BOILERS VS. STEAM-GENERATING HEAT PUMPS AT ATYPICAL
TEXTILE WET-PROCESSING FACILITY IN THIS STUDY, ALL COUNTRIES
Note: Since natural gas boilers are assumed to have the same efficiency as coal boilers,

the results for energy savings in Bangladesh (i.e. natural gas steam boilers vs. electric steam
boilers) are the same
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Steam-Generating Heat Pumps

Electrification with steam-generating heat pumps can lead to even
greater efficiency gains and energy savings relative to conventional
boilers, due to the nature of heat pump technology as discussed in
Section 2.1. Since our assumed efficiency and production levels are the
same across the countries studied, we only present these energy savings
results once. We estimate that heat pumps could reduce total energy by
48 GWh of energy per year, which is much more than modeled for electric
steam boilers.

An important reminder from the first report is that steam-generating heat
pumps dre not yet widely proven and implemented in the textile industry,
but we anticipate a significant increase in adoption by 2030. Heat pumps
are already proven and implementable for lower temperatures needed for
hot water-based process heating.
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In terms of CO, emissions, efficiency gains combined with the assumed
share of RE procurement in our pathways, enables electrification with heat
pumps to achieve significant emissions reductions by 2030. Even under the
Baseline RE Procurement pathway (Figure 3.2.5.), emissions can be reduced
to nearly 20% of those of conventional boilers by 2030.

Due to their efficiency, heat pumps are expected to reduce energy costs
relative to conventional coal-fired boilers in China, even by 2030 and
under the Baseline pathway. These energy cost savings grow over time,
especidally if carbon pricing comes into effect.

With the highest efficiency of all technologies studied, heat pumps can
reduce emissions and energy costs by 2030, even with only 50% corporate
RE procurement (the Baseline Grid Plus RE Procurement pathway). We
therefore recommend feasibility studies along with RE procurement
analysis — completed before 2030 — followed by scaled implementation.

FIGURE 3.2.5: ANNUAL CO, EMISSIONS FROM COAL-FIRED
STEAM BOILERS VS. HEAT PUMPS (HP) IN A TYPICAL TEXTILE
WET-PROCESSING PLANT IN CHINA, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS
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FIGURE 3.2.6: ENERGY COSTS OF COAL STEAM BOILERS
VS. HEAT PUMPS, BASELINE AND AMBITIOUS RE
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Biomass Steam Boilers

Biomass boilers are assumed to have the same efficiency and energy
demand as conventional coal boilers;® therefore, we do not present
energy results for biomass boilers. In terms of CO, emissions reductions,
there is a wide range of impacts depending on whether the biomass

is unsustainable or sustainable (i.e. carbon neutral). We used the direct
combustion emissions factor for unsustainable biomass, which is slightly
higher than that of coal and does not take into account the lifecycle
carbon uptake of biomass sources during their growth phase. For
sustainable biomass, we assumed that agricultural waste biomass is a
sustainable source with overall carbon neutrality (emissions factor = 0),
even though biogenic emissions are still produced upon combustion.
Additionally, since we assume no change in the fuel emissions factors over
time, we present results for a single year, as CO, emissions savings remain
consistent over time.

FIGURE 3.2.7: ANNUAL CO, EMISSIONS FROM COAL BOILERS VS.
SUSTAINABLE OR UNSUSTAINABLE BIOMASS STEAM BOILERS IN A
TYPICAL TEXTILE WET-PROCESSING PLANT IN CHINA
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FIGURE 3.2.8. ENERGY COSTS OF COAL STEAM BOILERS VS. BIOMASS
STEAM BOILERS (SUSTAINABLE AND UNSUSTAINABLE) IN ATYPICAL
WET-PROCESSING FACILITY IN CHINA
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Biomass is expected to be cheaper than coal in China, which is a key driver
of its adoption in the textile industry (see sections 2.1 and 3.1). However, prices
vary by location and are subject to seasonal fluctuation or rapid year-to-
year changes based on supply. Therefore, we have also added error bars

of +/- 30% to the biomass fuel price to show readers the potential range

of impact. In addition, because unsustainable biomass does produce
direct combustion emissions, we assumed the application of a carbon
price, shown in gray. Over time, biomass prices are expected to rise as
demand for sustainable biomass increases while supply remains limited.
The energy costs of biomass boilers are expected to be on par with those of
conventional boilers when a carbon price is applied.

Since sustainable biomass is a relatively untapped resource in China, we
recommend that facilities seeking to transition from coal and located
close to sources of certified sustainable biomass evaluate this alternative
fuel and technology. Due to the regional variance in biomass availability
and local regulations, this should be evaluated on a case-by-case basis.

8  Biomass boilers typically have a slightly lower efficiency compared to coal boilers, ranging between 65-80%. The efficiency can be affected by the type of biomass (e.g., wood chips, pellets,
agricultural waste) and moisture content, with drier biomass leading to better combustion and higher efficiency. For the purposes of this study, we assume similar efficiency, and focus on
the emissions and cost results, which show greater variation from the conventional technology.

Low-Carbon Thermal Energy Roadmap for the Textile Industry | written by Global Efficiency Intelligence, LLC for apparel impact institute 36



Natural Gas Steam Boilers

Natural gas boilers are assumed to have the same efficiency and
energy demand as conventional coal boilers;® therefore we do not
present energy results for natural gas boilers. CO, emissions reductions
can vary widely depending on if the upstream methane emissions

are considered. If yes, switching to natural gas steam boilers could
potentially increase the annual CO, emissions relative to coal (additional
emissions from methane shown as a range in the dashed bar in

Figure 3.2.9. based on data from Clean Air Task Force 2024). Otherwise,

emissions from direct combustion are considerably lower relative to coal.

FIGURE 3.2.9: ANNUAL CO, EMISSIONS FROM COAL STEAM
BOILERS VS. NATURAL GAS STEAM BOILERS IN ATYPICAL
TEXTILE WET-PROCESSING FACILITY IN CHINA
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FIGURE 3.2.10: ENERGY COSTS OF COAL STEAM BOILERS
VS. NATURAL GAS STEAM BOILERS IN A TYPICAL WET-PROCESSING
FACILITY IN CHINA
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In China, natural gas is typically more expensive than coal, and prices

are expected to rise, limiting the financial attractiveness of a transition in
the textile industry. The carbon price in Figure 3.2.10. only applies to direct
combustion of each fuel, as upstream methane emissions face challenges
in both accounting and pricing.

Given the increased energy costs of natural gas across the study, this is
unlikely to be a viable alternative fuel for most Chinese facilities.

9  Conventional natural gas boilers without condensing technology typically reach efficiencies between 80-85%, while coal boiler efficiency is 756%-85%. For the purposes of this study, we
assume similar efficiency and focus on emissions and cost results, where the difference between coal and natural gas is more significant.
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Levelized Cost of Heating for Steam-Generating Technologies
Following the methodology described in Section 3.1, we
calculated and compared the levelized cost of heat (LCOH) of
all steam technologies and both electricity pathways for the
electrification technologies. In China, coal boilers, natural gas
boilers, and electric boilers (Baseline RE Procurement pathway)
have a similar expected LCOH of around $60/MWh thermall.
However, under the Ambitious RE Procurement pathway, electric
boilers have lower overall LCOH. Biomass steam boilers have
lower LCOH due to the assumed lower fuel cost, which has a
greater impact on overall LCOH than the relatively higher
CAPEX and OPEX of biomass boilers when compared to the
other boiler technologies. Despite their significantly higher
CAPEX, heat pumps are expected to have lower LCOH than
conventional boilers due to the major efficiency gains and

the utilization of lower-cost procured RE over the technology’s
lifetime. Our results are highly sensitive to energy costs, so we
have added an error bar of +/- 30% for overall energy costs for
each technology.

FIGURE 3.2.11: LEVELIZED COST OF HEAT (LCOH) FOR STEAM
GENERATION OF THE ANALYZED TECHNOLOGIES FOR ATYPICAL
TEXTILE WET-PROCESSING FACILITY IN CHINA
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3.2.3.Low-Carbon Technologies
for Hot Oil Boilers

Electric Hot Oil Boilers

Electrification with electric hot oil boilers can save a significant amount
of energy relative to conventional boilers. Since our assumed efficiency
and production levels are the same across the countries studied, we only
present these energy saving results once. We estimate that electric hot
oil boilers could reduce total energy use by 14% at a typical textile wet-
processing facility relative to conventional boilers — 8 GWh of energy
saved per year. Electrifying hot oil boilers is expected to generate less
overall energy savings than electrifying steam boilers for two reasons. First,
the efficiency of conventional hot oil boilers is higher than steam boilers,
as discussed in the Methodology section. Second, the overall energy

FIGURE 3.2.12: ANNUAL ENERGY DEMAND FROM COAL-FIRED

HOT OIL BOILERS VS. ELECTRIC HOT OIL BOILERS AT ATYPICAL
TEXTILE WET-PROCESSING FACILITY IN THIS STUDY, ALL COUNTRIES
Note: Since natural gas boilers are assumed to have the same efficiency as coal boilers,

the results for energy savings in Bangladesh (i.e. natural gas hot oil boilers vs. electric hot oil
boilers) are the same.
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FIGURE 3.2.13: ANNUAL CO, EMISSIONS FROM COAL-FIRED HOT
OIL BOILERS VS. ELECTRIC HOT OIL BOILERS IN A TYPICAL TEXTILE
WET-PROCESSING PLANT IN CHINA, BASELINE AND AMBITIOUS RE
PROCUREMENT PATHWAYS.
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consumption of hot oil boilers in a typical textile wet-processing facility
is lower than in steam boilers. This also drives a lower overall emissions
reduction potential, and lower electric load when electrifying hot oil boilers.

Efficiency gains, combined with the assumed share of RE procurement

in our pathways, suggest electrification with electric hot oil boilers can
lead to significant emissions reductions by 2030. Under the Ambitious RE
Procurement pathway — with the assumption that 100% RE is procured —
full decarbonization is achieved across timesteps, leading to a reduction of
roughly 17 kilotons of CO, emissions per year by 2030.
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In the near term, hot oil boiler electrification is expected to increase the
energy costs for textile production in China due to the relatively high price
of electricity and low price of coal expected for China in 2030. However,
under the Ambitious RE Procurement pathway, electric boiler energy costs
become relatively competitive by 2035 and will be lower for electric hot oil
boilers by 2040. In addition, carbon pricing may increase the energy costs
of textile production using coal-fired hot oil boilers.

Electric hot oil boilers reduce emissions from 2030 — even with only 50%
corporate RE procurement in the baseline pathway; however, the cost of
RE is not likely to make this an attractive option until 2035-2040.

FIGURE 3.2.14: ENERGY COSTS OF COAL HOT OIL BOILERS VS.
ELECTRIC HOT OIL BOILERS, BASELINE AND AMBITIOUS RE
PROCUREMENT PATHWAYS

Energy Costs (2023 $/kg fabric)
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Biomass Hot Oil Boilers

For hot oil boilers, our analysis is similar to that of steam boilers,
presenting results on annual emissions and energy costs. Biomass hot

oil boilers are assumed to have the same efficiency and energy demand
as conventional coal-fired hot oil boilers; therefore, we do not present
energy results. In addition, because we do not assume a change in the
fuel emissions factors over time, we only present results for a single year,
as annual CO, emissions savings results are essentially the same year-
over-year.

Biomass hot oil boilers, like biomass steam boilers, are expected to have
lower energy costs relative to coal-fired boilers due to the lower price of
biomass fuel in China. However, prices are highly location-specific, and
we present error bars to show readers the potential range of impact. By
2035, as biomass prices increase, energy costs are expected to be on
par with those of conventional boilers when a carbon price is applied.

FIGURE 3.2.15: ANNUAL CO, EMISSIONS FROM COAL BOILERS VS.
SUSTAINABLE OR UNSUSTAINABLE BIOMASS HOT OIL BOILERS IN A
TYPICAL TEXTILE WET-PROCESSING PLANT IN CHINA
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FIGURE 3.2.16: ENERGY COSTS OF COAL HOT OIL BOILERS VS.
BIOMASS HOT OIL BOILERS (SUSTAINABLE AND UNSUSTAINABLE)
IN ATYPICAL WET-PROCESSING FACILITY IN CHINA
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As sustainable biomass is a relatively untapped resource in China,
we recommend that facilities seeking to transition from coal and
located close to sources of certified sustainable biomass evaluate
this alternative fuel and technology. Due to the regional variance in
biomass availability and local regulations, this should be evaluated
on a case-by-case basis.
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Natural Gas Hot Oil Boilers

Similar to our steam boiler analysis, there are no energy savings for
switching to natural gas hot oil boilers from coal hot oil boilers due to their
similar thermal efficiency. In terms of CO, emissions reductions, there is a

wide range of impacts depending on if the upstream methane emissions
are taken into account. If upstream methane emissions are considered,

switching to natural gas steam boilers would not lead to a reduction in
annual CO, emissions relative to coal.

In 2030, natural gas hot oil boilers and coal boilers will have similar energy
costs; however, China’s natural gas prices are expected to rise faster

than coal, limiting the financial attractiveness of natural gas transition in
China’s textile industry.

Given the increased energy costs of natural gas across the time
horizons studied, this is unlikely to be a viable alternative fuel for most
Chinese facilities.

FIGURE 3.2.17: ANNUAL CO, EMISSIONS FROM COAL
HOT OIL BOILERS VS. NATURAL GAS HOT OIL BOILERS IN
A TYPICAL TEXTILE WET-PROCESSING FACILITY IN CHINA
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FIGURE 3.2.18: ENERGY COSTS OF COAL HOT OIL BOILERS
VS. NATURAL GAS HOT OIL BOILERS IN A TYPICAL WET-PROCESSING
FACILITY IN CHINA

......... 2030 et N T & 1- AR 2040 e
S 04
A
:8 . CO; Cost ‘ Electricity Cost . Fuel CosEr '|'
[0)) 0.3
X
=~
@
™
N 02— T
o
&
%)
@ 0.1
[e]
(]
>
E) 0.0 > 5
Q Dok & <O & <@ &
S ,<<\(6\\° c}o.\e}% ,Q‘*é\\e 0\0.\0(0 ,‘(“6\\0 o\e.'\e"%
I S RS S X o
AN OQ o OQ O OQ
O\O \AO o) O\O e() o O&O e() >
€ Oy € Oy € Oy
RS > >

42



3.2.4. Potential Impacts of Electrification
on the Electricity Grid in China

Electrification will increase electricity demand and grid load.
Transitioning a significant portion of the textile industry would require
careful planning and grid management. Figure 3.2.19. shows the
estimated increase in electrical load from electrification at a typical

textile facility in China (results are the same for all the studied countries).

Electric steam boilers could replace conventional steam boilers —
adding around 8 MW of additional electric load from a typical textile
facility, while a heat pump could meet this same heat demand while
only adding an electric load of around 3 MW. Electric hot oil boilers are
expected to add an additional electric load of 7MW when replacing
conventional hot oil boilers.

The installed capacity required to meet this electricity demand

will depend on the energy source. Variable renewable energy,

with its lower capacity factor, will need to be installed in greater
amounts to meet the same demand (or paired with storage
technologies). Wind and solar energy have much lower capacity
factors than traditional fossil fuel-based power generation (around
20%-30% for solar and 30%-40% for wind).

FIGURE 3.2.19: ADDITIONAL ELECTRICAL LOAD
FROM THE ELECTRIFICATION OF STEAM AND HOT
OIL BOILERS FOR A TYPICAL TEXTILE FACILITY IN
THE STUDIED COUNTRIES

Note: this is the additional load without assuming a capacity factor.
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3.3. Textile Plants in India

3.3.1. The Energy Systems Landscape in India

To preface the quantitative findings in this section, we first dive deeper into
key aspects of India’s energy systems and policies that would affect the
viability of low-carbon thermal energy technology adoption. This context

also drives our assumptions for the India analysis, as detailed in Section 3.1.

In India, like Chinag, it is important to note that the widespread availability
and low cost of domestic coal create a substantial hurdle for low-carbon
thermal energy adoption. Coal remains the dominant energy source

for many textile facilities due to its affordability, making alternative
technologies like electrification comparatively expensive. However,
similar to China, India is experiencing a rapid expansion of its renewable
energy supply, particularly solar, which is becoming one of the lowest-
cost energy sources in the world. India is also the country with the most
developed corporate RE procurement market.

Below, we further discuss key aspects of the energy system landscape in
India relevant to low-carbon thermal energy adoption.

Alternative Fuel Availability in India

India currently derives 22% of its total energy supply from biomass and
waste sources, one of the highest of the studied countries. Much of

this biomass is used for traditional energy uses, such as cooking. India
produces a significant amount of agricultural residues with an estimated
annual availability of about 750 million tons of biomass, according to a
study by the Ministry of New and Renewable Energy (MNRE) — much of
which is already being used for the industrial sector. This biomass includes
a diverse range of materials such as sugarcane bagasse (typically used
onsite in sugar mills), straw, cotton stalks, rice husks, coconut shells, coffee
waste, soya husks, etc. (Chquhon etal. 2022).

The northern states of Punjab, Haryana, and Uttar Pradesh are particularly
notable for their high production of wheat and rice, leading to substantial
amounts of rice and wheat straw. These residues are frequently burned in
fields, causing severe air pollution that has contributed to nearly 100,000
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deaths annually (Lan et al. 2022). Using these straws as energy could boost
sustainable biomass supplies, reduce air pollution, and improve public
health. However, the need to get rid of residues quickly and cheaply makes
it challenging to scale the conversion of agricultural residues to industrial
fuel sources. Currently, agricultural residues collected for energy are
typically used by nearby small-scale, decentralized projects. Nevertheless,
in Indiq, the textile sector’s transition to biomass is well underway.
Areliable, traceable supply of agricultural waste can be considered a
viable alternative fuel to coal.

A textile facility’s ability to switch to natural gas highly depends on the
local natural gas infrastructure and if it is feasible to connect to the
natural gas distribution system. India’s energy supply primarily comes
from sources other than natural gas, and import reliance is high (47% of
gas consumption comes from imported sources) for the natural gas that
is used (6% of total energy supply)(EIA 2024). Therefore natural gas is not
deemed to be a feasible alternative fuel for India.

India’s Electricity Grid

As one of Indid’s significant industrial energy users, the textile sector could
cause d surge in electricity demand through electrification. Given India’s
very high grid emissions factor, electrification could lead to an increase in
CO, emissions without an increased integration of renewable energy and
the addition of installed capacity.

While India has set an ambitious goal to integrate 500 GW of renewable
energy by 2030 and achieve 44% generation from RE by 2031, achieving
this requires massive infrastructure investments. The rapid growth of
solar power has introduced a pronounced “duck curve” effect, with steep
ramps in evening electricity demand after solar generation drops. This
can affect grid reliability as there may not be sufficient ramping capacity
to effectively manage peak loads. Additionally, India’s transmission
infrastructure is struggling to keep up with rapid RE capacity addition.
States with high RE penetration often face congestion, limiting the ability
to export surplus power to deficit regions. There are transmission projects
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underway to link renewable-rich areas such as Ladakh, Rajasthan, and
Gujarat to other regions. Gujarat, a major textile hub, is a significant area
of opportunity where renewable potential aligns with manufacturing.
Additionally, India plans to expand grid-level energy storage, with a target
of 74 GW by 2031 through both pumped storage and battery technologies,
but current storage capacity is still insufficient to provide round-the-clock
renewable energy, especially with increased renewables demand from
electrified industries.

India’s electricity market is undergoing reforms to better integrate rapidly
increasing low-cost renewable energy, but challenges remain. Currently,
only 7% of electricity is traded through three exchanges, each setting

its own prices, which limits optimail utilization of renewables. To address
these inefficiencies, the Central Electricity Regulatory Commission

(CERC) has proposed market coupling, which aims to streamline price
discovery across exchanges and improve the allocation of renewable
electricity (Michael 2024). While the outlook for the Indian grid is positive
for renewables, the grid emissions factor may remain too high in the near
term to deliver emissions reductions from electrification with electric
boilers and grid electricity alone.

Corporate Renewable Electricity Procurement in India

India has had massive growth in renewable energy in recent years,
which could be leveraged to decarbonize the textile industry through
direct procurement, rather than waiting on grid decarbonization. In 2023,
India contributed to 6% of global growth in solar and became the third-
largest generator of solar energy (Ember Climate 2024). Corporate RE
procurement is also increasing in India, with prominent companies like
Infosys and Tata Motors transitioning to 100% renewable electricity. Textile
companies have been one of the leading industries for corporate RE
procurement (Roo and Agarwal 2022).

India ranks 13th on EY’s PPA Index, higher than China and other emerging
economies. The estimated corporate contracted RE capacity in India

is about 34 GW (Bridge to India 2024). India’s PPA market is the most
favorable of the countries studied, and contracts for renewable electricity
can already deliver lower-cost electricity relative to the grid (although

still higher than current coal prices). Key mechanisms for corporate RE
procurement in India include self-generation, offsite open access, and
Renewable Energy Certificates (RECs).RE self-generation in India has
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largely been dominated by rooftop solar due to the falling costs of PV
systems and supportive net-metering policies. For a textile facility, however,
physical space limits the amount of power that can be generated.

Another mechanism is typically referred to as Offsite Open Access

(OA), which includes PPAs. Companies can engage in short-, medium-,
or long-term open access contracts to draw RE from the grid as needed.
This approach is typically lower cost than grid power, although policy
instability and grid connectivity issues pose challenges. India has used
RECs in the past, but their role is diminishing due to supply constraints
and the higher costs compared to direct renewable power procurement
(Aggarwal et al. 2019).

Recent regulatory changes, like some states’ discontinuation of banking
— an darrangement where generators can inject power into the grid and
are permitted to withdraw that power when required — and increased
charges, pose challenges for corporate RE procurement. “Banking” is
particularly useful for managing the variability of RE, however, availability
and terms vary by state and are evolving.

In addition to expanding RE generation, India is investing heavily in energy
storage to supply round-the-clock RE. India is targeting 74 GW of storage
capacity by 2031, using pumped storage and battery technologies, to
manage the variability of renewable energy.

The prospects for India’s corporate RE market appear strong, driven by
expanding RE supply, ongoing policy and market reform, and strong
commitment from major industries towards greener energy sources.
Large corporations across sectors like automotive, cement, and IT are
increasingly transitioning to 100% renewable electricity, highlighting
demand that can help transform the market (Bridge to India 2024).
Despite challenges such as policy changes and grid integration issues,
the demand for renewable power, particularly through mechanisms
like open access and captive generation, continues to rise. Therefore,
RE procurement through mechanisms like PPAs presents textile
manufacturers with a strong opportunity to deliver emissions and cost
reductions through electrification.

Based on this context, we developed assumptions for analyzing how
low-carbon thermal energy technology adoption in India will affect
energy use, emissions, and costs from steam and hot oil heating at a
typical textile wet-processing facility. The RE procurement pathways for
India are as follows:

TABLE 3.2.2.: REPROCUREMENT PATHWAYS FOR INDIA

Ambitious RE
Procurement Scenario

Baseline Grid Plus RE

Procurement Scenario

2030 50% 100%
2035 75% 100%
2040 100% 100%

Results are presented in the next two sections.
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3.3.2. Low-Carbon Technologies
for Steam Generation

Electric Steam Boilers

As discussed, the energy savings of electrification technologies are the
same across countries based on the efficiency gains of electrification.
Therefore, they are not presented here.

The total mitigation potential for electrification technologies with full
adoption of RE is the same across countries utilizing coal-fired boilers (i.e.,
full elimination of nearly 25 kt CO, by 2030 with 100% RE procurement, as

is assumed in the Ambitious RE Procurement pathway). However, there is
variation in the emissions reductions from the Baseline electricity pathway,
as some countries have a higher grid emissions factor as well as different
trajectories for corporate RE procurement. India has a very high grid
emissions factor, but under our Baseline pathway, electric boilers can still

FIGURE 3.3.1: ANNUAL CO, EMISSIONS FROM COAL-FIRED
STEAM BOILERS VS. ELECTRIC STEAM BOILERS IN A TYPICAL
TEXTILE WET-PROCESSING PLANT IN INDIA, BASELINE
AND AMBITIOUS RE PROCUREMENT PATHWAYS
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lead to emissions reductions due to the assumed share of procured RE.
India has rapidly growing RE supply and corporate procurement options,
and in our Baseline pathway for India we assume a typical textile facility
could procure 50% of its electricity supply from renewable sources by 2030.

Energy costs in India are expected to increase with steam boiler
electrification due to the relatively high price of electricity and low price
of coal expected in 2030. By 2035, electric boiler energy costs will become
relatively competitive, driven by the favorable price of RE in India’s
corporate procurement market and the increasing share of assumed RE
procurement for a typical textile facility in India. Thus, electrification with
electric boilers in India faces near-term energy cost challenges, despite
the potential emissions benefits and longer-term energy cost savings
by 2040. While electric steam boilers reduce emissions from 2030 — even
with only 50% corporate RE procurement in the Baseline Grid Plus RE
Procurement pathway, the relative cost of RE and coal is not likely to make
electric boilers an attractive option until 2035-2040.

FIGURE 3.3.2: ENERGY COSTS OF COAL STEAM BOILERS
VS. ELECTRIC STEAM BOILERS IN INDIA, BASELINE AND
AMBITIOUS RE PROCUREMENT PATHWAYS

Energy Costs (2023 $/kg fabric)
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Steam-Generating Heat Pumps

Electrification with steam-generating heat pumps can lead to even
greater efficiency gains and energy savings compared to electric boilers.
Combined with procured RE, heat pump efficiency gains also drive a steep
decrease in CO, emissions, even when a portion of the electricity supply
comes from India’s carbon-intensive grid.

In India, the energy costs of heat pumps are highly favorable relative

to conventional coal steam boilers, driven by the rapidly developing,
affordable corporate RE options and the significant efficiency gains from
electrification with heat pumps.

Due to the highest efficiency of all technologies studied, heat pumps
can reduce emissions and cost by 2030 even with only 50% corporate

RE procurement of the baseline pathway. We therefore recommend
conducting feasibility studies and RE procurement analysis prior to 2030,
followed by scaled implementation.

FIGURE 3.3.3: ANNUAL CO, EMISSIONS FROM COAL-FIRED
STEAM BOILERS VS. HEAT PUMPS (HP) IN A TYPICAL TEXTILE
WET-PROCESSING PLANT IN INDIA, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS
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Biomass Steam Boilers

As discussed, biomass boilers are assumed to have the same efficiency
and energy demand as conventional coal boilers, thus we do not present
energy results for biomass boilers. While carbon-neutral biomass could
fully mitigate emissions, unsustainable biomass could slightly increase
emissions from steam generation. For the direct biomass emissions factor
of unsustainable biomass, we used the emissions factor of crop waste
(e.g. rice husks, which are widely generated in India). This is slightly higher
than that of coal. If the industry switches to biomass, textile producers

in India are likely to use agricultural residues such as rice husks as fuel,
maintaining biomass emissions results across countries — assuming

the same emissions factor for these agricultural residues. Thus, we only
present these emissions results once (see Section 3.2.1., Figure 3.2.7) to
avoid any repetition.

FIGURE 3.3.4: ENERGY COSTS OF COAL STEAM BOILERS
VS. HEAT PUMPS IN INDIA, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS
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Low-cost byproduct biomass has been a key driver of its adoption in India’s
textile industry, and a switch to low-cost biomass would reduce energy
costs at a typical textile plant in India. However, prices are highly location-
specific and subject to seasonal and annual fluctuations depending

on supply. Additionally, electric power generation is a major competing
use (Chauhan et al. 2022) that will constrain the supply available for the
textile industry. Therefore, we have also added error bars of +/- 30% to the
biomass fuel price to show readers the potential range of impact. While
this analysis considers a single typical facility, sustainable biomass supply
in India is likely insufficient for multiple textile facilities to adopt biomass
boilers without significantly driving up prices.

If a long-term, price-competitive, certifiable source of sustainable
biomass can be sourced and traced, it is a viable alternative fuel for India.
The pricing and provenance of the biomass should be carefully monitored
over time and be considered against other low-carbon energy sources.

FIGURE 3.3.5: ENERGY COSTS OF COAL STEAM BOILERS
VS. BIOMASS STEAM BOILERS (SUSTAINABLE AND UNSUSTAINABLE)
IN ATYPICAL WET-PROCESSING FACILITY IN INDIA
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Natural Gas Steam Boilers

As natural gas has roughly the same emissions factor across countries, the
potential emissions results are the same as presented in Section 3.2.1. for
China. In terms of direct combustion, switching to natural gas can reduce
emissions relative to coal-fired boilers; however, upstream methane
emissions could cancel out this benefit unless properly monitored and
regulated by upstream producers.

Over the study period, natural gas is significantly more expensive
than coal for India’s industrial facilities (Figure 3.3.6.), which makes
transition unlikely.

Given the increased energy costs of natural gas across the study — and
infrastructural challenges — it is unlikely to be a viable alternative fuel for
most facilities in India.

FIGURE 3.3.6: ENERGY COSTS OF COAL STEAM BOILERS
VS. NATURAL GAS STEAM BOILERS IN ATYPICAL WET-PROCESSING
FACILITY IN INDIA
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Levelized Cost of Heating for Steam-Generating Technologies

We calculated and compared the levelized cost of heat (LCOH) of

all steam technologies, using both electricity pathways, using the
methodology described in Section 3.1. In India, natural gas boilers
have the highest LCOH of steam production, while coal boilers and
electric boilers have similar levelized costs under the Baseline RE
procurement pathways. Even though electricity is more expensive
than coal, the levelized cost takes into account the discounted value
of RE becomes cheaper over time. Moreover, coal boilers would add
significant carbon costs as carbon pricing comes into effect. Even
with higher CAPEX and without carbon pricing (i.e. the gray bar in
Figure 3.3.7.is removed), heat pumps still have a more attractive LCOH
of steam generation than coal boilers.

FIGURE 3.3.7: LEVELIZED COST OF HEAT (LCOH) FOR STEAM
GENERATION OF THE ANALYZED TECHNOLOGIES FOR ATYPICAL
TEXTILE WET-PROCESSING FACILITY IN INDIA
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3.3.3.Low-Carbon Technologies for Hot Oil Boilers

Electric Hot Oil Boilers

Since our assumed efficiency and production levels are the same across
the countries studied (see 3.2.2.), we do not repeat energy savings from
hot oil boilers again. Due to efficiency gains plus the assumed share

of RE procurement in our pathways, electrification with electric hot oil
boilers can lead to approximately 30% emissions reductions in a typical
textile facility in India by 2030. Following the Ambitious pathway of 100%
RE procurement, electrification of hot oil boilers could fully eliminate
associated emissions by 2030.

FIGURE 3.3.8: ANNUAL CO, EMISSIONS FROM COAL-FIRED
HOT OIL BOILERS VS. ELECTRIC HOT OIL BOILERS IN A TYPICAL
TEXTILE WET-PROCESSING PLANT IN INDIA, BASELINE AND
AMBITIOUS RE PROCUREMENT PATHWAYS
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Energy costs for producing textiles in India are expected to increase in
the near term with hot oil boiler electrification, due to the relatively high
price of electricity. However, electric boiler energy costs become closer
to competitive by 2035, especially under the Ambitious RE Procurement
pathway. With the availability of cheap corporate RE options by 2040,
electrification can significantly reduce energy costs relative to coal-fired
hot oil boilers.

Electric hot oil boilers reduce emissions from 2030 — even with only 50%
corporate RE procurement in the Baseline Grid Plus RE Procurement
pathway; however, the cost of RE is not likely to make this an attractive
option until 2035-2040.

FIGURE 3.3.9: ENERGY COSTS OF COAL HOT OIL BOILERS
VS. ELECTRIC HOT OIL BOILERS, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS
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Biomass Hot Oil Boilers

Like steam boilers, a switch to biomass boilers could increase annual
emissions slightly if the biomass comes from unsustainable sources.

With fuel emissions factors expected to remain constant, the potential
difference between coal hot oil boilers and sustainable and unsustainable
biomass boilers is expected to remain unchanged over the study. Results
are the same across countries (see Section 3.2.2. for a visualization).

Biomass hot oil boilers, like biomass steam boilers, are expected to
have lower energy costs relative to coal-fired boilers due to the
significantly lower reported price of biomass fuel in India. However,
prices are highly location-specific and could rise steeply with demand
increases or supply disruptions.

If along-term, price-competitive, certifiable source of sustainable
biomass can be sourced and traced, it is a viable alternative fuel for India.
The pricing and provenance of the biomass should be carefully monitored
over time and be considered against other low-carbon energy sources.

FIGURE 3.3.10: ENERGY COSTS OF COAL HOT OIL BOILERS
VS. BIOMASS HOT OIL BOILERS (SUSTAINABLE AND UNSUSTAINABLE
BIOMASS) IN ATYPICAL WET-PROCESSING FACILITY IN INDIA
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Natural Gas Hot Oil Boilers

There are no energy savings for switching to natural gas hot oil boilers

or steam boilers from coal hot oil boilers due to their similar thermal
efficiency. In addition, emissions results are expected to be the same as for
hot oil boiler conversion to natural gas in China.

Like steam boilers, natural gas-fired hot oil boilers would have significantly
higher energy costs relative to coal boilers, making the transition
financially challenging (Figure 3.3.11).

This is unlikely to be a viable alternative fuel for most Indian facilities
given the increased energy costs of natural gas across the study and
infrastructural challenges.

FIGURE 3.3.11: ENERGY COSTS OF COAL HOT OIL BOILERS
VS. NATURAL GAS HOT OIL BOILERS IN A TYPICAL
WET-PROCESSING FACILITY IN INDIA
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3.3.4. Potential Impacts of Electrification
on the Electricity Grid in India

Electrification will increase electricity demand and load on the
electrical grid. Figure 3.2.19. in Section 3.2.3. shows the results for the
estimated electrical load increase from electrification at a typical
textile facility in the studied countries. Electric steam boilers could
add around 8 MW of additional electric load from a typical textile
facility, while a heat pump could meet this same heat demand
with an electric load of around 3 MW. Electric hot oil boilers are
expected to add an additional electric load of 7MW when replacing
conventional hot oil boilers. These additional electricity load results
are the saume across countries due to the saume assumed textile
production and technology efficiency levels.

Low-Carbon Thermal Energy Roadmap for the Textile Industry | written by Global Efficiency Intelligence, LLC for apparel impact institute 53



3.4. Textile Plants in Vietham

3.4.1. The Energy Systems Landscape in Vietham

To preface the quantitative findings in this section, we first dive deeper into
key aspects of Vietnam’s energy systems and policies that would affect
the viability of low-carbon thermal energy technology adoption. This
context also drives our assumptions for the Vietham analysis, as detailed
in Section 3.1.

Like India and China, Vietham is highly reliant on coal for domestic industry.

However, Vietham’s commitment to achieving net-zero emissions by
2050 — earlier than the other countries in this study — could be a major
driver for low-carbon thermal energy adoption in the textile industry.
The country’s rapidly growing renewable energy supply, particularly in
wind and solar, offers textile producers an increasingly cost-effective
alternative to fossil fuels. Supportive government policies around RE
development and international commitments to climate targets are
creating both regulatory and market conditions conducive to transitioning
to low-carbon technologies (e.g. the 2024 introduction of a direct PPA
mechanism). Notably, Vietnam currently has a fair amount of affordable
and potentially sustainable biomass supply — such as rice husks in
southern Vietham — although future supply is uncertain.

Alternative Fuel Availability in Vietham

Vietham currently obtains 10% of its total energy supply from biomass and
waste sources. Although Vietnam is a significant global producer of rice, its
overall availability of agricultural residues is much lower than in China and
India due to the limited farmland. The theoretical potential of harvested
crop residues in Vietnam (byproducts left in the field after harvest, such as
stolks) is estimated at 60 million tons annually, with an additional 20 million
tons from crop processing residues (such as husks and other byproducts
of processing in industrial facilities). However, the technicall potential for
collecting these residues is much lower — about 15 million tons per year.
Additionally, farmers in Vietham may be reluctant to sell their residues or
unaware of a market for residues as energy. This is estimated to further
reduce the technical potential to 8 million tons per year (World Bank 2018).
Nevertheless, Vietnam'’s textile industry has already seen significant
adoption of agricultural residue biomass.

As part of its transition away from coal, Vietnam plans to significantly
scale up power generation from biomass, though not necessarily
sustainable biomass. Vietnam's Power Development Plan 8 (PDP8) aims

to reach 2.3 GW of biomass power capacity by 2030 and 6 GW by 2050.
These targets, added to the demand for exports, are driving an increase

in forest plantations and wood pellet production (Binh 2024), which are
highly controversial in terms of carbon neutrality. Demand for sustainable
biomass sources for power generation may significantly compete

with demand from the textile industry. Supply constraints and existing
demand from textile facilities that have already switched to biomass
leave Vietham at high risk for sustainable supply and cost challenges if
adoption expands. Therefore, electrification should be considered sooner
in Vietham relative to some other countries.

Vietnam derives 7% of its total energy supply from natural gas, which has
historically been provided by domestic production. However, Vietnam's
natural gas production peaked in 2015, and the country began importing
liquefied natural gas (LNG) in 2023 when the Thi Vai LNG Terminal began
operating (Nie et al. 2023). Imported LNG will initially be supplied to the
electric power sector, as Viethnam’s PDP8 aims to increase natural gas
generating capacity from imported LNG to 22 GW (from essentially zero) —
limiting the supply available for industry. Greenfield power plants powered
by LNG will be located near import terminals to reduce transport and
distribution challenges. It is important to note that Vietnam has a limited
natural gas distribution infrastructure, with less than 1,000 km of operational
gas pipelines (relative to nearly 3,000 kmin Bangladesh and 5,500 km in
Indonesia) (Global Energy Monitor 2023). Industrial facilities seeking to switch
to natural gas will face declining domestic production, limited imported
gas, and minimal distribution infrastructure. For this reason, natural gas is
unlikely to be a feasible alternative fuel for most textile manufacturers.

Vietnam’s Electricity Grid

Vietnam’s energy and electricity demand are rapidly growing, driven in
part by industrial production. Electricity demand is projected to increase
10-12% per year through 2030, and electrification of the textile sector
could add to this load. Like China and India, Vietham has a very high grid
emissions factor. Without increased RE integration and availability, near-
term electrification with grid electricity could lead to anincrease in CO,
emissions in Vietnam.
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Vietham has made significant progress in integrating renewable energy
into the grid, although challenges remain and could affect the prospects
of electrification using grid electricity. Vietham’s renewable energy supply
— particularly solar power (utility scale plus rooftop) — expanded rapidly over
the years, with much of this growth occurring between 2019 and 2021 as a

result of a government feed-in tariff mechanism (FIT) (Allotrope Partners 2024).

The government plans to increase generation capacity to 150 GW by 2030
with the goal of 19% from wind (up from the current 5%). However, despite
recent rapid growth in solar capacity, solar’s share in total electricity
generation is projected to decrease from its impressive level of 22% in
2022 due to solar energy curtailment in Vietham (International Trade
Administration 2024). The government discontinued the FIT because the
grid was struggling to integrate the influx of renewable power due to
limited infrastructure and storage solutions. Power shortages, especially
in industrial hubs like Ho Chi Minh City, and a monopoly on transmission
by Vietnam Electricity (EVN) limit grid flexibility. Due to these challenges,
Viethnam’s most recent power development plan does not call for a
significant increase in utility-scale solar (Allotrope Partners 2024).
Electrification of the textile industry would further increase demand for
renewable energy, potentially before curtailment solutions are developed.

Corporate Renewable Electricity Procurementin Vietham

Direct procurement of RE could allow textile facilities to access low-carbon
electricity in the near term. Vietham has several corporate RE procurement
mechanisms: self-generation; RECs; and recently, direct PPAs (DPPAs).
Rooftop solar is the most common form of onsite generation due to
regulatory and space constraints for ground-mounted systems; however,
rooftop solar does not generate enough electricity to meet a typical
facility’s electrified heating needs. The current REC market in Viethnam
faces challenges, including low additionality — most RECs come from

FIT solar and wind projects that do not necessarily add new renewable
capacity. Prices are low, reflecting oversupply, and the lack of a national
REC framework contributes to confusion over ownership and potential
double counting, undermining their effectiveness (Allotrope Partners 2024).

Direct PPAs in Vietham became available in July 2024 after many years of
development, allowing corporates to bypass the limitation of procuring
only grid utility from EVN. Electricity consumers above a certain threshold

10 Atypical textile wet-processing facility after electrification would be well above this threshold.

(200 MWh or higher per month10) are eligible for DPPAs (Newsdesk 2024).
Vietnam offers physical, synthetic, and financial DPPA models. The physical
model uses private transmission lines, and producers and companies can
negotiate on the supply levels. The synthetic model uses EVN purchasing
power from the producers and sells it to the company from the pooled
supply at an agreed-upon rate. However, concerns remdin about grid
connectivity and a lack of detailed implementation guidelines.

Vietnam’s corporate RE market has significant growth potential, driven
by increasing demand for clean energy solutions among industrial

and commercial sectors. The new DPPA mechanism is an important
marker of progress, and it addresses long-standing limitations in off-
site renewable access. On-site generation through turnkey projects or
onsite PPAs already offers significant cost savings. The DPPA’s rollout and
Vietnam’s 2050 net zero target indicate corporate RE procurement is
likely to grow and become an effective, lower-cost option for companies.
However, further improvements in grid connectivity, regulatory details,
and market incentives are needed to fully support these opportunities. As
the landscape for DPPAs evolves and textile manufacturers and brands
become more aware of the possibilities, corporate RE procurement will
become a viable component of Vietnam'’s electrification.

Based on this context, we developed assumptions for analyzing how
low-carbon thermal energy technology adoption in Vietnam will affect
energy use, emissions, and costs from steam and hot oil heating at a
typical textile wet-processing facility. The RE procurement pathways for
Vietham are as follows:

TABLE 3.2.3: REPROCUREMENT PATHWAYS FOR VIETNAM

Ambitious Scenario

Baseline Scenario

2030 50% 100%
2035 75% 100%
2040 100% 100%

Results are presented in the next two sections.
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3.4.2. Low-Carbon Technologies for Steam Generation

Electric Steam Boilers

Given Vietnam’s 2050 net zero goal, significant progress towards overall
grid decarbonization by 2030 is likely to outpace other countries, despite
Vietnam’s currently high grid emissions factor (which is between the

grid emissions factors of China and India) (IEA 2024). Using the Baseline

RE Procurement pathway for Vietham, with 50% of the assumed textile
facility’s electricity supply coming from the grid and 50% from procured
RE, we project that electrification with electric boilers can roughly halve
annual CO, emissions from steam generation by 2030. Further integration
of RE procurement — 100% under the Ambitious RE Procurement pathway —
can eliminate emissions from steam generation altogether.

FIGURE 3.4.1: ANNUAL CO, EMISSIONS FROM COAL-FIRED
STEAM BOILERS VS. ELECTRIC STEAM BOILERS IN A
TYPICAL TEXTILE WET-PROCESSING PLANT IN VIETNAM,
BASELINE AND AMBITIOUS RE PROCUREMENT PATHWAYS
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Vietnam’s energy costs are expected to increase with steam boiler
electrification due to projected high electricity and low coal prices.
However, by 2040, electric boilers are projected to be competitive
with coal boilers in terms of energy costs, especially if carbon pricing
comes into effect.

Electrification with electric boilers in Vietham thus faces near- and
medium-term energy cost challenges, despite the potential emissions
benefits and longer-term energy cost savings by 2040. Although electric
steam boilers reduce emissions from 2030 even with only 50% corporate
RE procurement in the Baseline Grid Plus RE Procurement pathway, the
cost of RE is not likely to make this an attractive option until 2035-2040.

FIGURE 3.4.2: ENERGY COSTS OF COAL STEAM BOILERS
VS. ELECTRIC STEAM BOILERS IN VIETNAM,
BASELINE AND AMBITIOUS RE PROCUREMENT PATHWAYS
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Steam-Generating Heat Pumps

Electrification with steam-generating heat pumps can lead to even
greater efficiency gains and energy savings from electrification compared
to electric boilers. Combined with procured RE and Vietnam’s ongoing grid
decarbonization, heat pump efficiency gains also drive a steep decrease
in CO, emissions.

By 2030, heat pumps have highly favorable energy costs relative to
conventional coal steam boilers in Vietham — even without carbon pricing
(i.e.if the gray bar in Figure 3.4.4. were removed). This is driven by the
significant efficiency gains from electrification with heat pumps.

With the highest efficiency of all studied technologies, heat pumps

can reduce emissions and energy costs by 2030 — even with only 50%
corporate RE procurement under the Baseline Grid Plus RE Procurement
pathway. We therefore recommend conducting feasibility studies and RE
procurement analysis before 2030, followed by scaled implementation.

FIGURE 3.4.3: ANNUAL CO, EMISSIONS FROM COAL-FIRED

STEAM BOILERS VS. HEAT PUMPS (HP) IN A TYPICAL TEXTILE
WET-PROCESSING PLANT IN VIETNAM, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS

Annual CO, Emissions (ktCO,/Year)
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FIGURE 3.4.4: ENERGY COSTS OF COAL STEAM BOILERS
VS. HEAT PUMPS IN VIETNAM, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS
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Biomass Steam Boilers

Many textile producers in Vietham are already using agricultural residues
(e.g. rice husks) as biomass fuel. This section evaluates the impacts of
switching to biomass for a typical facility that is still using coal. Because
the assumed efficiency of biomass boilers and coal boilers is the same
across studied countries, we estimate the energy savings and emissions
results for switching to biomass boilers\ to be similar. The biomass steam
boiler emissions results (Section 3.2.1.) show that the direct combustion of
unsustainable biomass could slightly increase emissions.

Low-cost byproduct biomass has driven its adoption in Vietnam's textile
industry. If costs remain low, a switch to biomass would reduce energy
costs at a typical textile plant in Vietham as indicated in Figure 3.4.5.
Sustainable biomass prices are likely to fluctuate and increase over time;
therefore, this alternative fuel source may no longer be cheaper relative to
coal on a facility-by-facility basis.

FIGURE 3.4.5: ENERGY COSTS OF COAL STEAM BOILERS VS.
BIOMASS STEAM BOILERS (SUSTAINABLE AND UNSUSTAINABLE)
IN ATYPICAL WET-PROCESSING FACILITY IN VIETNAM

0.5
@ co:Cost @ Electricity Cost

0.4
@ conventional Fuel Cost Biomass Fuel Cost |

Energy Costs (2023 $/kg fabric)

While the cost of biomass remains lower than coal in the near- to
medium-term, the availability of certified sustainable biomass is of
concern in Vietham. For this reason, we recommend apparel brands
and textile manufacturers explore the phaseout of biomass sooner
thanin China and India.
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Natural Gas Steam Boilers

As natural gas has roughly the same emissions factor across countries,
and natural gas boilers have the same assumed efficiency as coal boilers,
the potential energy and emissions results are the same as presented

in Section 3.2.1. for China.

In terms of energy costs, natural gas is significantly more expensive than
coal for industrial facilities in Vietnam. Furthermore, Vietnam has just
begun importing LNG and it is unlikely to be used for industrial facilities,
making future supply uncertain (see Section 4.2.1.).

The cost of natural gas is substantially higher in Vietham compared

to coal. Since it offers less emissions reductions than other alternatives,
natural gas will not be a viable alternative fuel for textile manufacturers
in Vietham.

FIGURE 3.4.6: ENERGY COSTS OF COAL STEAM BOILERS
VS. NATURAL GAS STEAM BOILERS IN ATYPICAL
WET-PROCESSING FACILITY IN VIETNAM
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Levelized Cost of Heating for Steam-Generating Technologies

Using the methodology described in Section 3.1., we calculated and
compared the levelized cost of heat (LCOH) for steam generation for

all steam technologies, including for both electricity pathways for the
electrification technologies. Coal boilers and electric boilers have similar
levelized costs of heating for steam generation, even though electricity
is more expensive than coal. This is because of the lifetime energy costs
of electric boilers, which benefit from RE becoming cheaper over time.
Heat pumps have the lowest LCOH of steam generation of all the
technologies considered.

FIGURE 3.4.7: LEVELIZED COST OF HEAT (LCOH) FOR
STEAM GENERATION OF THE ANALYZED TECHNOLOGIES FOR
A TYPICAL TEXTILE WET-PROCESSING FACILITY IN VIETNAM
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3.4.3. Low-Carbon Technologies for Hot Oil Boilers

Electric Hot Oil Boilers

Since our assumed efficiency and production levels are the same across Energy costs at a typical textile wet-processing plant in Vietnam

the countries studied, we do not present energy savings from hot oil are expected to rise with hot oil boiler electrification in 2030 and 2035
boilers again (see Section 3.2.2.). Due to efficiency gains plus the assumed — more than steam boiler electrification — due to the lower efficiency
share of RE procurement in our pathways, electrification with electric gains of electrifying coal-fired hot oil boilers. Assuming 100% corporate RE
hot oil boilers can lead to about 40% emissions reductions in a typical procurement is possible at a typical textile facility, energy costs become
textile facility in Vietnam by 2030. Following the Ambitious pathway of competitive by 2040.

100% RE procurement, electrification of hot oil boilers could fully eliminate

associated emissions by 2030. While electric hot oil boilers reduce emissions by 2030 — even with

only 50% corporate RE procurement in the Baseline Grid Plus RE
Procurement pathway — the cost of RE is not likely to make this an
attractive option until 2040.

FIGURE 3.4.8: ANNUAL CO, EMISSIONS FROM COAL-FIRED FIGURE 3.4.9: ENERGY COSTS OF COAL HOT OIL BOILERS
HOT OIL BOILERS VS. ELECTRIC HOT OIL BOILERS IN A TYPICAL VS. ELECTRIC HOT OIL BOILERS IN VIETNAM, BASELINE AND
TEXTILE WET-PROCESSING PLANT IN VIETNAM, BASELINE AND AMBITIOUS RE PROCUREMENT PATHWAYS
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Biomass Hot Oil Boilers

As previously discussed, the emissions impacts of hot oil boiler
electrification in Vietnam are expected to be similar to those in India and
China (see Section 3.2.2.).

Like biomass steam boilers, biomass hot oil boilers are expected to have
lower energy costs relative to coal-fired boilers due to the significantly
lower projected price of biomass fuel in Vietham. However, prices vary
by location and would significantly rise if overall demand increases or if
there are supply disruptions. In addition, unsustainable biomass could
be subject to a carbon price, bringing energy costs in line with those of
conventional coal boilers.

While the cost of biomass remains lower than coal in the near- to
medium-term, the availability of certified sustainable biomass is of
concern in Vietnam. For this reason, we recommend apparel brands and
textile manufacturers explore the phaseout of biomass sooner than in
China and India.

FIGURE 3.4.10: ENERGY COSTS OF COAL HOT OIL BOILERS VS.
BIOMASS HOT OIL BOILERS (SUSTAINABLE AND UNSUSTAINABLE)
IN ATYPICAL WET-PROCESSING FACILITY IN VIETNAM
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While the cost of biomass remains lower than coal in the near- to
medium-term, the availability of certified sustainable biomass is of
concern in Vietnam. For this reason, we recommend apparel brands and
textile manufacturers explore the phaseout of biomass sooner thanin
China and India.

Natural Gas Hot Oil Boilers

Similar to our steam boiler analysis, there are no energy savings for
switching to natural gas hot oil boilers from coal hot oil boilers due to their
similar thermal efficiency. In Vietnam, emissions results are expected to
be the same as for hot oil boiler conversion to natural gas in China.

Natural gas-fired hot oil boilers — like steam boilers — would have
significantly higher energy costs relative to coal boilers, making the
transition financially challenging (Figure 3.4.1).

Natural gas will not be a viable alternative fuel for textile manufacturers in
Vietnam due to its high cost when compared to coal and lower emissions
reductions compared to other alternatives.

FIGURE 3.4.11: ENERGY COSTS OF COAL HOT OIL BOILERS VS.
NATURAL GAS HOT OIL BOILERS IN A TYPICAL WET-PROCESSING
FACILITY IN VIETNAM
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3.4.4. Potential Impacts of Electrification |
on the Electricity Grid in Vietham - —

2 oAl
A e

b

Electrification will increase electricity demand and place a greater

strain on the grid. Figure 3.2.18 in Section 3.2.3 shows the estimated rise in
electrical load from electrification at a typical textile facility in the studied
countries. We found that electric steam boilers could add approximately
8 MW of additional electric load for a typical textile facility; a heat pump
could meet the same heat demand with only about 3 MW of added load.
Similarly, electric hot oil boilers are projected to add an additional 7 MW
when replacing conventional hot oil boilers. These results for electric load
from electrification are the same across countries due to the assumed
uniform production and efficiency levels (see Section 3.2.3.).
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3.5. Textile Plants in Bangladesh

3.5.1. The Energy Systems Landscape
in Bangladesh

To preface the quantitative findings in this section, we first dive deeper into
key aspects of Bangladesh's energy systems and policies affecting the
viability of low-carbon thermal energy technology adoption. This context
also drives our assumptions for the Bangladesh analysis, as detailed in
Section 3.1.

Bangladesh faces a unique set of challenges, including an unstable
electricity grid, an uncertain economic environment, and highly
subsidized fuel prices. Collectively, these factors make it difficult for textile
manufacturers to adopt low-carbon thermal energy solutions. In addition,
Bangladesh has very little electricity generation from non-fossil sources
and a very limited supply of RE. Many textile producers are not grid-
connected; those that are may have a contracted load well under energy
demand. Large-scale industrial electrification would strain the country’s
grid, which is highly dependent on natural gas, and an increasing share
coming from imports. In addition, a centralized power market with a smaill
share of independent power producers (IPPs) and regulatory barriers
hinders the growth of corporate RE procurement.

Thus, in Bangladesh, the textile industry’s primary driver for adopting
low-carbon thermal energy technologies is the need to reduce reliance
on unstable and volatile natural gas markets. With frequent energy
shortages and price fluctuations, utility-scale renewable energy —
particularly solar — offers a more secure and potentially cost-stable
alternative. While the renewable energy infrastructure is still developing,
the textile industry is beginning to recognize the long-term economic and
energy security benefits of transitioning to low-carbon solutions. Although
Bangladesh does not currently have a net zero target, it will likely set one in
the future.

The following sections provide more context about key aspects of

Bangladesh's energy system relevant to electrification and biomass adoption.
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Alternative Fuel Availability in Bangladesh

Bangladesh already relies heavily on natural gas for energy, including

use in the textile industry’s boilers. Unlike other studied countries, natural
gas is not an alternative fuel in Bangladesh; it is the dominant fossil fuel
source. Estimates of biomass share in Bangladesh’s total energy supply
vary from 16% (reported by the International Energy Agency) to as high as
46% (Md. T. Islam et al. 2014). This discrepancy likely stems from challenges
in collecting data on informal biomass uses. Biomass remains a primary
energy source for many in Bangladesh, particularly for household heating
and cooking.

In Bangladesh, biomass energy is primarily derived from traditional
sources such as agricultural residues, wood wastes, and animal dung.
The total biomass residue supply is estimated at about 140 million tons
(Butt 2022). However, only about 40 million tons are available as fuel; much
of the supply is used for livestock fodder, building materials, and other
higher-value uses, making it less attractive for farmers to sell.

Another major competing use for biomass in Bangladesh is power
generation, given the current issues with the electricity supply.
Bangladesh’s Infrastructure Development Company Limited (IDCOL) has
financed significant biomass and biogas power generation projects,
including a rice husk-to-power project in Kapasia, Gazipur (IDCOL 2014).
Given these competing demands, biomass is impractical as a transition
fuel for Bangladesh’s textile industry.

Bangladesh'’s Electricity Grid

Bangladesh's grid infrastructure is considerably less developed than other
studied countries and faces significant challenges in accommodating
increased demand from industrial electrification. Indeed, many industrial
factories currently rely on diesel generators due to the inability to secure

a stable electricity supply. In this analysis, we assumed electrification for
an individual facility in 2030 could be paired with grid connection and
corporate RE procurement (recognizing that not all facilities may be grid-
connected by this time). Electrification for industrial heating is unlikely to
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be feasible without significant changes to Bangladesh’s grid infrastructure
and energy supply, although there is a significant opportunity to reduce
emissions and energy costs in the long run. International development
finance and programs play a major role in addressing electricity-related
issues, including EU directives (e.g. the EU-EIB Bangladesh RE Facility) to
support the grid and IMF lending that is tied to lower electricity prices.

Fossil fuels generate 92-98% of Bangladesh'’s electricity, with natural gas
accounting for the largest share. The grid struggles with under-generation,
transmission losses, and high costs associated with imported fuels like oil
and LNG. In 2022, Bangladesh declared that it had achieved 100% electricity
access, however, there has since been significant load shedding, severely
affecting residential and commercial consumers. Additionally, renewable
energy infrastructure remains underdeveloped, with only 2 GW installed
capacity (Gulagi et al. 2020). While energy storage policies are nascent,
development agencies are increasingly focused on pilot storage projects
to enhance energy reliability and support renewable integration.

Bangladesh's power sector faces future uncertainties with domestic
natural gas reserves projected to deplete over the next two decades
increasing reliance on imports. Coal and natural gas are projected

to dominate the energy mix, with the country aiming for only 40% of
generation from RE (including nuclear power and imports) by 2041.
As a major energy consumer, the textile industry could further strain
an already unreliable grid.

Corporate Renewable Electricity Procurement in Bangladesh

While limited, Bangladesh’s renewable energy supply has prospects for
growth. The current installed RE capacity is less than 2 GW, with solar being
the dominant source; however, there are around 4 GW of solar power
projects under development in the country, with another 9 GW in earlier
planning and review stages (S. Islam 2024).

The Bangladesh Power Development Board (BPDB) has signed PPAs with
solar plants, but there is currently no framework for direct corporate
procurement. Additionally, the utility PPAs and limited IRECs are typically

priced higher than grid electricity, which is highly subsidized in Bangladesh.

Relative to other countries, Bangladesh has a low share of independent
power producers, limiting market competition and investment. Ongoing
grid reliability challenges and a limited market for REkeep the near-

term outlook for corporate RE procurement subdued, as reflected in our
assumptions. However, discussions are underway to establish corporate
power procurement mechanisms in Bangladesh, which could increase
the viability of electrification with emissions reductions.

Building on this context, we developed assumptions for analyzing how
low-carbon thermal energy technology adoption in Bangladesh will affect
energy use, emissions, and costs from steam and hot oil heating at a
typical textile wet-processing facility. The RE procurement pathways for
Bangladesh are as follows:

TABLE 3.2.4: RE PROCUREMENT PATHWAYS IN BANGLADESH

Ambitious Grid Plus RE
Procurement Scenario

Baseline Grid Plus RE

Procurement Scenario

2030 0% 30%
2035 30% 50%
2040 50% 100%

The following section details the results of our quantitative analysis of low-
carbon thermal energy adoption in Bangladesh.
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3.5.2. Low-Carbon Technologies
for Steam Generation

Electric Steam Boilers

Bangladesh’s textile sector primarily relies on natural gas-fired boilers
for steam and hot oil production. Natural gas is the reference technology
against which electric boilers, heat pumps, and biomass boilers are
compared. We do not evaluate coal boiler adoption in Bangladesh. Energy
savings results are consistent with other countries due to the assumption
that natural gas and coal boilers have a similar thermal efficiency (see
Section 3.2.1.)

In Bangladesh, adopting electric boilers at a typical textile plant is
predicted to increase emissions in the near term due to the lower

direct combustion emissions factor of natural gas compared to that of
Bangladesh's grid. Although electricity mostly comes from natural gas
power plants, the grid emissions factor is significantly higher than the
natural gas emissions factor due to older power plants; transmission and

FIGURE 3.5.1: ANNUAL CO, EMISSIONS FROM NATURAL GAS-
FIRED STEAM BOILERS VS. ELECTRIC STEAM BOILERS IN A TYPICAL
TEXTILE WET-PROCESSING PLANT IN BANGLADESH, BASELINE AND
AMBITIOUS RE PROCUREMENT PATHWAYS
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distribution losses; and Bangladesh’s use of more carbon-intensive fuels
(e.g. coal, oil, and diesel) for electricity generation.

Given challenges in the corporate RE procurement landscape in
Bangladesh (discussed further in the next chapter), we assume that a
typical textile facility will not be able to obtain a majority share of RE for its
electricity supply until 2035 and beyond. Both the Baseline and Ambitious
RE Procurement pathways for Bangladesh assume a significantly lower
share of RE can be procured by a typical textile facility compared to
China, India, and Vietnam. By 2035, procuring RE for 30% of the electricity
supply under the Baseline RE Procurement pathway can lead to electric
boilers reducing emissions compared to natural gas boilers. With 100% RE
procurement, boiler electrification could mitigate nearly 15 kt CO, per year
by 2040.

Natural gas and electricity prices for industrial facilities in Bangladesh are
highly subsidized. Based on current and projected ratios, we predict that
electric boilers would have higher energy costs than natural gas steam
boilers in a typical textile facility in Bangladesh. However, in 2040, when
lower-cost RE may be available for corporate procurement, the energy

FIGURE 3.5.2: ENERGY COSTS OF NATURAL GAS STEAM BOILERS
VS. ELECTRIC STEAM BOILERS IN BANGLADESH, BASELINE AND
AMBITIOUS RE PROCUREMENT PATHWAYS
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costs of electric boilers could be competitive with natural gas boilers.

In 2030 and 2035, the Baseline and Ambitious Grid Plus RE Procurement
pathways will have slightly higher and similar energy costs, respectively,
due to procured RE prices being slightly higher than subsidized grid
electricity in Bangladesh in the near term.

In the absence of a corporate RE purchasing framework, electric steam
boilers will not be economically feasible and deliver emissions reductions
until 2040 under either RE Procurement pathway. Policy advocacy is key to
shifting this outlook. Ongoing discussions show that change is possible.

Steam-Generating Heat Pumps

Electrification with steam-generating heat pumps would reduce emissions

in the near term, despite the relative emissions factors of natural gas
and the grid, due to the very high efficiency of heat pumps. Emissions
reductions could be even greater with future corporate RE procurement.

FIGURE 3.5.3: ANNUAL CO, EMISSIONS FROM NATURAL GAS-
FIRED STEAM BOILERS VS. HEAT PUMPS (HP) IN A TYPICAL TEXTILE
WET-PROCESSING PLANT IN BANGLADESH, BASELINE AND
AMBITIOUS RE PROCUREMENT PATHWAYS.
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In Bangladesh, heat pumps are highly favorable in terms of energy costs
relative to natural gas steam boilers, driven by the significant efficiency
gains from electrification with heat pumps — even without carbon pricing
(i.e. without the gray bar in Figure 3.5.4.). In 2030 and 2035, the Baseline
and Ambitious Grid Plus RE Procurement pathways have slightly higher
and similar energy costs for heat pumps, respectively, due to procured RE
prices being slightly above subsidized grid electricity in Bangladesh in the
near term.

Despite the limited RE in Bangladesh’s grid or for procurement, heat
pumps can already deliver emissions savings and energy cost
reductions in 2030 due to their efficiency. This presents a significant
opportunity for Bangladesh textile manufacturers to reduce their
dependence on volatile natural gas prices. While not covered in this
roadmap, energy storage in Bangladesh is critical to enable this.

FIGURE 3.5.4: ENERGY COSTS OF NATURAL GAS STEAM BOILERS
VS. HEAT PUMPS IN BANGLADESH, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS
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Biomass Steam Boilers

As the direct combustion emissions factor of natural gas is much lower
than that of biomass, the use of unsustainable biomass sources would
significantly increase emissions from steam boilers (Figure 3.5.5.). However,
the use of sustainable biomass with a lifecycle emissions factor of zero

(i.e. carbon neutral) would eliminate fuel-related emissions. Note that fuel
emissions factors are expected to stay consistent over time, so we only
present results for a single year.

The low cost of byproduct biomass has been a key driver of its adoption

in Bangladesh's textile industry, especially since natural gas is a relatively
expensive fuel. Switching to low-cost assumed biomass would reduce
energy costs at a typical textile plant in Bangladesh; however, as discussed
further in Chapter 2 and Chapter 4, biomass prices are likely to fluctuate
and increase if demand significantly grows. Biomass available for industry
is particularly low in Bangladesh due to competing traditional uses.

FIGURE 3.5.5: ANNUAL CO, EMISSIONS FROM NATURAL GAS
BOILERS VS. SUSTAINABLE OR UNSUSTAINABLE BIOMASS
STEAM BOILERS IN ATYPICAL TEXTILE WET-PROCESSING PLANT
IN BANGLADESH
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While sustainable biomass offers emissions and cost savings compared
to natural gas, the availability of sustainable biomass in Bangladesh is
low and competes with other end uses. Transitioning from natural gas
to biomass requires a thorough evaluation of the stable availability of
certified sustainable biomass.

FIGURE 3.5.6: ENERGY COSTS OF NATURAL GAS STEAM BOILERS
VS. BIOMASS STEAM BOILERS (SUSTAINABLE AND UNSUSTAINABLE)
IN ATYPICAL WET-PROCESSING FACILITY IN BANGLADESH
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Levelized Cost of Heating for Steam-Generating Technologies

We calculated and compared the levelized cost of heat (LCOH) for
steam generation for all steam technologies, including for both
electricity pathways for the electrification technologies, following

the methodology described in Section 3.1. In Bangladesh, natural gas
boilers and electric boilers have similar levelized cost of heating for
steam generation. Biomass and heat pumps offer lower and similar
LCOH of steam generation, respectively, due to the low cost of biomass
fuel and the high efficiency of heat pumps. Since our results are highly
sensitive to fuel and electricity prices, we present an error bar of

+/- 30% for the technologies’ levelized energy costs.

FIGURE 3.5.7: LEVELIZED COST OF HEAT (LCOH) FOR
STEAM GENERATION OF THE ANALYZED TECHNOLOGIES FOR A
TYPICAL TEXTILE WET-PROCESSING FACILITY IN BANGLADESH
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3.5.3. Low-Carbon Technologies for Hot Oil Boilers

Electric Hot Oil Boilers

Since our assumed efficiency and production levels are the same across
the countries studied, we do not present energy savings from hot oil
boilers again (see Section 3.2.2.). Due to the relatively low emissions factor
of natural gas and the high grid emissions factor, electrification with
electric hot oil boilers would significantly increase emissions in a typical
textile facility in Bangladesh in 2030. Without corporate RE procurement,
electrification with electric boilers is challenging; however, with corporate
RE procurement (30% of electricity supply by 2030 in the Ambitious
pathway), electrification of hot oil boilers could fully eliminate associated
emissions by 2040 under the Ambitious pathwaty.

FIGURE 3.5.8. ANNUAL CO, EMISSIONS FROM NATURAL GAS HOT
OIL BOILERS VS. ELECTRIC HOT OIL BOILERS IN A TYPICAL TEXTILE
WET-PROCESSING PLANT IN BANGLADESH, BASELINE AND AMBI-
TIOUS RE PROCUREMENT PATHWAYS
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Energy costs at a typical textile wet-processing plant in Bangladesh

are expected to increase with hot oil boiler electrification. Energy costs
become competitive by 2040 — assuming corporate RE procurement will
become available at a typical textile facility in Bangladesh.

In the absence of a corporate RE purchasing framework, electric hot

oil boilers will not deliver emissions reductions in either the Baseline

or Ambitious RE Procurement pathways. The lower efficiency gains in
comparison to steam boilers will keep pricing unfavorable — even in 2040.

FIGURE 3.5.9. ENERGY COSTS OF NATURAL GAS HOT OIL BOILERS
VS. ELECTRIC HOT OIL BOILERS IN BANGLADESH, BASELINE AND
AMBITIOUS RE PROCUREMENT PATHWAYS
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Biomass Hot Oil Boilers

As with steam boilers, switching to biomass for hot oil boilers would
significantly increase emissions due to the relatively low emissions factor of
natural gas direct combustion. However, if carbon-neutral and sustainable
biomass can be sourced, emissions could be reduced to zero in the near
term. This is challenging in practice, as discussed in Section 4.2.1.

Like biomass steam boilers, biomass hot oil boilers have similar energy
costs as coal-fired boilers, especially if carbon pricing is applied. However,
prices vary by location and could increase significantly with a rise in
demand or supply disruptions.

Sustainable biomass can present emissions and cost savings compared
to natural gas; however, the availability of biomass in Bangladesh is low
and there is heavy competition from other end uses. Transitioning from
natural gas to biomass will require a stable, certified sustainable supply.

FIGURE 3.5.10. ANNUAL CO, EMISSIONS FROM NATURAL GAS HOT
OIL BOILERS VS. BIOMASS HOT OIL BOILERS (SUSTAINABLE AND
UNSUSTAINABLE) AT ATYPICAL TEXTILE PLANT IN BANGLADESH
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FIGURE 3.5.11. ENERGY COSTS OF NATURAL GAS HOT OIL BOILERS
VS. BIOMASS HOT OIL BOILERS (SUSTAINABLE AND UNSUSTAIN-
ABLE) IN ATYPICAL WET-PROCESSING FACILITY IN BANGLADESH
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3.5.4. Potential Impacts of Electrification
on the Electricity Grid in Bangladesh

Electrification will increase electricity demand and place a greater
load on the grid, presenting a greater challenge to Bangladesh when
compared to the other studied countries. Figure 3.2.18 in Section 3.2.3
shows the estimated increase in electrical load from electrification at
a typical textile facility in the studied countries. Switching to electric
steam boilers could add approximately 8 MW of extra electric load at a
typical textile facility, while a heat pump could meet the same heating
needs with around 3 MW of additional load. Similarly, electric hot oil
boilers are expected to add around 7 MW of extra load compared to
conventional hot oil boilers. This estimated additional electricity load
is consistent across all studied countries because the model assumes
plants in each location will have similar production levels and
technology (see Section 3.2.3).
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3.6. Textile Plants in Indonesia

3.6.1. The Energy Systems Landscape
in Indonesia

To set the stage, we're first exploring key aspects of Indonesia’s energy
systems and policies impacting the viability of low-carbon thermal energy
technology adoption. This context also drives our assumptions for the
Indonesia analysis (see Section 3.1).

Indonesia’s abundant, low-cost domestic coal — which makes it one of the
world’s top coal exporters — is one of the key barriers to low-carbon energy
adoption in the textile sector. The nation’s energy policies are heavily
influenced by coal interests, making alternative energy technologies less
appealing both financially and politically. Indonesia caps the coal price

for industrial consumers, leaving other fuels financially uncompetitive in
the near term. Additionally, the grid emissions factor is the highest among
the countries studied, meaning that near-term electrification with grid
electricity could actually increase CO, emissions.

Although highly dependent on coal, Indonesia has expressed policy
commitments to transition towards renewables and has entered into
international agreements (e.g. the Just Energy Transition Partnership)
to leverage international support for this transition.

In the following sections, we explore key aspects of Indonesia’s energy
system impacting electrification and alternative fuel adoption.

Alternative Fuel Availability in Indonesia

As the world’s largest producer of palm oil, Indonesia has a large
availability of byproduct palm kernel husks — a viable source of biomass
fuel. However, palm oil plantations have historically been one of the
largest drivers of deforestation, generating significant CO, emissions
from the destruction of tropical rainforests and peatlands. Additionally,
Indonesia exports palm kernel shells to other countries, especially Japan
and South Korea, for use as fuel. Demand for palm kernel shells could
face competition from other markets and drive up prices, given supply

constraints. The use of palm kernel husks and palm oil byproducts must
be managed carefully to avoid increasing demand for the agricultural
product itself.

Biomass may be sourced from corporations with no-deforestation
commitments or certification by the Roundtable on Sustainable Palm QOil
(RSPO); however, RSPO-certified biomass has a very limited supply. Brands
and textile manufacturers should require the use of certified palm kernel
husks to ensure the purchased biomass is sustainable.

Beyond palm oil, Indonesia’s agricultural sector produces other residues
with potential for biomass use, such as rice husks, coconut shells, and
sugarcane bagasse. Rice production, particularly in Java and Sumatra,
generates substantial quantities of husks, and coconut production in
regions like Sulawesi, yields shells and husks that can serve as biomass
feedstock. Total agricultural residues are estimated at 155 million tons

per year (Rhofita et al. 2022), though the potential amount available for
industry use is unknown. Most of Indonesia’s textile production is on Java,
and transportation of residues from other islands is likely not cost-effective.

Indonesia faces limits in its current renewable electricity supply

and aims to significantly increase biomass power generation as part

of a coal transition. The country aims to achieve 5.5 GW of biomass

power generation capacity by 2025 and 26 GW by 2050 (Rhofita et al. 2022).
Given the risks associated with biomass in Indonesia, textile facilities

using it must demonstrate that the source is sustainable, certified,

and carbon neutral. Given supply constraints, sustainable biomass

may only be available in the short term. It is essential for facilities to
prepare for electrification.

Indonesia is a significant natural gas producer, with natural gas supplying
14% of total energy needs with less than 3% coming from imports. However,
Indonesia’s domestic gas production has been declining in recent years,
increasing reliance on imported LNG. Additionally, the country’s gas
infrastructure, particularly for distribution, remains underdeveloped in
many regions, limiting industrial access. This results in uneven availability
and potentially higher costs, making the large-scale adoption of natural
gas for heating in the textile sector challenging.
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Indonesia’s Electricity Grid

Indonesia’s grid is heavily reliant on coal, and the transition to electrified
industrial processes, particularly in textiles, will necessitate a substantial
shift towards renewables. Indonesia’s Ministry of Energy and Mineral
Resources (MEMR) has acknowledged that less than 0.3% of Indonesia’s
renewable energy potential has been harnessed thus far (Tanahair.net
2024). However, even with an increased RE supply, the country’s electricity
grid is not yet equipped to handle this demand — especially in remote
areas. Expanding transmission infrastructure, particularly in renewable-
rich regions, and investing in energy storage systems are essential to
supporting the electrification transition. Indonesia’s Just Energy Transition
Partnership aims to leverage international support for the transmission
infrastructure necessary for renewables integration.

Indonesia has ambitious plans to become a global battery exporter

by 2030, by leveraging its abundant nickel reserves. The government

is fostering investment from South Korean and Chinese companies to
build domestic battery manufacturing capabilities. While direct energy
storage targets remain limited, these investments could reduce battery
capital costs domestically, supporting future energy storage projects and
enabling renewable integration.

While the progress to date on decarbonizing the grid has been limited,
Indonesia endeavors to modernize its grid and leverage international
financing to decarbonize and position itself internationally as an exporter
of key electrification-enabling technology.

Corporate Renewable Electricity Procurement in Indonesia

In 2023, Fossil fuels accounted for 81% of Indonesia’s electricity generation.
The remaining 19% came primarily from hydropower, with a very small
fraction of wind and solar generation. Indonesia continues to rapidly build
coal-fired power plants(Global Energy 2024).

India’s corporate RE procurement market is in its early stages due to low
supply; however, it is gaining momentum. In 2022, Amazon signed an

agreement with PLN, Indonesia’s state-owned utility, to supply solar energy

to its AWS division. PLN has also signed an agreement with a RE producer
(Enerdatics 2022). That same year Nickel Industries signed a 25-year PPA
for a 200 MW solar project in Indonesia, which includes a 20 MWh battery
for energy storage. Notably, Nickel Industries will not fund the project, and

the contract includes energy prices that are lower than current rates
(RenewablesNow 2022).

PLN has sold Renewable Energy Certificates (RECs) in Indonesia since 2020,
primarily serving industrial sectors in Java and Jakarta. Levels remain low
overall; however, in 2023, PLN recorded a 75% rise in REC usage from 2022,
with total sales reaching 5 TWh since 2020 (Antara News 2024).

Despite recent progress, challenges persist, including restrictions on
private electricity suppliers in areas served by PLN’s grid. This hampers the
scalability of renewable projects. Overall, limited RE supply and nascent
mechanisms for corporate RE procurement make Indonesia’s outlook for
the corporate RE market more moderate than that of China, India, and
Vietnam.

Using this context, we developed assumptions to analyze how the
adoption of low-carbon thermal energy technology in Indonesia will
affect energy use, emissions, and costs from steam and hot oil heating at
a typical textile wet-processing facility. The RE procurement pathways for
Indonesia are as follows:

TABLE 3.2.5: REPROCUREMENT PATHWAYS IN INDONESIA

Ambitious Scenario

Baseline Scenario

2030 25% 50%
2035 50% 75%
2040 75% 100%

Our results for the quantitative analysis of low-carbon thermal energy
adoption in Indonesia follow.
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3.6.2. Low-Carbon Technologies for Steam Generation

Electric Steam Boilers

While Indonesia has the highest grid emissions factor of the countries
studied, electrification with electric boilers results in annual CO, emissions
that are a similar level to emissions from coal boilers in 2030. This is due to
the increased efficiency of electric boilers and the assumed potential for
corporate RE procurement for individual textile facilities in Indonesia. Under
the country’s Baseline RE Procurement pathway, we assume that 25% of
electricity could be directly procured RE. Under the Ambitious pathway,
with 50% RE procurement by 2030, emissions from boiler electrification are
significantly lower than those from coal-fired boilers by that year.

FIGURE 3.6.1: ANNUAL CO, EMISSIONS FROM COAL-FIRED
STEAM BOILERS VS. ELECTRIC STEAM BOILERS IN A

TYPICAL TEXTILE WET-PROCESSING PLANT IN INDONESIA,
BASELINE AND AMBITIOUS RE PROCUREMENT PATHWAYS
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Near-term (i.e.in 2030), the energy costs for electric boilers are a
challenge. Industrial coal prices are capped at low levels and electricity,
including RE, is relatively expensive. By 2040, electric boilers could come
closer to being competitive with coal boilers across various pricing
scenarios (Figure 3.6.2.).

While we see emissions reductions beginning in 2035, costs remain higher,
even in the 2040 scenario, due to the low prices of coal in Indonesia.

FIGURE 3.6.2. ENERGY COSTS OF COAL STEAM BOILERS VS. ELECTRIC
STEAM BOILERS IN INDONESIA, BASELINE AND AMBITIOUS RE
PROCUREMENT PATHWAYS
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Steam-Generating Heat Pumps

In contrast, electrification with steam-generating heat pumps can lead to
significant near-term emissions reductions. Heat pump efficiency gains

— with a moderate share of RE procurement under our outlined pathways
(25% by 2030 in the Baseline RE Procurement pathway and 50% by 2030
under the Ambitious RE Procurement pathway) — drive a steep decrease in
CO, emissions.

Despite the energy cost challenges outlined for electric boilers, efficiency
gains from heat pumps make them competitive with coal steam boilers

in terms of energy cost by 2030. This energy cost advantage continues
over time, even if carbon pricing in Indonesia does not apply to the studied
facility.

Similarly to Bangladesh, heat pumps can deliver immediate emissions
savings — even with a less decarbonized grid. However, due to Indonesia’s
coal subsidies, the solution will reach cost parity in 2030 and begin
delivering savings in 2035. Given environmental benefits and improved
business performance, textile manufacturers should pursue heat pumps
starting in 2030.

FIGURE 3.6.3: ANNUAL CO, EMISSIONS FROM COAL-FIRED
STEAM BOILERS VS. HEAT PUMPS (HP) IN A TYPICAL TEXTILE
WET-PROCESSING PLANT IN INDONESIA, BASELINE AND
AMBITIOUS RE PROCUREMENT PATHWAYS
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FIGURE 3.6.4: ENERGY COSTS OF COAL STEAM BOILERS
VS. HEAT PUMPS IN INDONESIA, BASELINE AND AMBITIOUS
RE PROCUREMENT PATHWAYS
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Biomass Steam Boilers

Since textile producers in Indonesia are likely to use agricultural residues
as biomass fuel, and biomass and coal boilers are assumed to have the
same efficiency across countries, the energy savings and emissions
outcomes of switching to biomass boilers are expected to be similar. See
Section 3.2.1. for biomass steam boiler results across the studied countries.

The cost gap between biomass and coal in Indonesia is slightly less than
in the other countries studied. Our projections show biomass boilers do
not lead to energy cost decreases — assuming biomass boilers are also
subject to carbon pricing based on emissions from direct combustion.
However, as discussed further in Chapter 2 and Chapter 4, biomass
prices are likely to fluctuate and increase over time. Given challenges
with tropical deforestation, Indonesia faces the biggest sustainability
challenges among the studied countries, making responsible biomass
sourcing essential for decision-making.

While sustainable biomass delivers emissions savings and energy cost
savings, the limited availability of sustainable biomass and the risks of
unsustainable biomass are higher in Indonesia than in the other countries
studied. Biomass should be explored very carefully on a case-by-case basis.

FIGURE 3.6.5. ENERGY COSTS OF COAL STEAM BOILERS VS. BIOMASS
STEAM BOILERS (SUSTAINABLE AND UNSUSTAINABLE) IN ATYPICAL
WET-PROCESSING FACILITY IN INDONESIA
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Natural Gas Steam Boilers

As natural gas has roughly the same emissions factor across countries,
and natural gas boilers have the same assumed efficiency as coal boilers,
the potential energy and emissions results are the same as presented in
Section 3.2.1. for China.

Natural gas is slightly more expensive than coal for industrial facilities
in Indonesia. However, since the country produces a significant amount
of natural gas for domestic consumption, energy cost differentials are
relatively small compared to the other countries in this analysis.

While natural gas steam boilers deliver emissions savings in Indonesia,
higher energy costs and infrastructural limitations make it unlikely to be a
viable alternative fuel.

FIGURE 3.6.6. ENERGY COSTS OF COAL STEAM BOILERS
VS. NATURAL GAS STEAM BOILERS IN ATYPICAL WET-PROCESSING
FACILITY IN INDONESIA
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Levelized Cost of Heating for Steam-Generating Technologies

We calculated and compared the levelized cost of heat (LCOH) for
steam generation for all steam technologies, including for both
electricity pathways for the electrification technologies, following the
methodology described in Section 3.1. Due to Indonesia’s relatively high
electricity costs compared to coal and biomass, electric boilers have
the highest LCOH for steam generation for the technologies studied.
However, the difference is less pronounced when comparing the direct
annual energy cost (see above). Heat pumps are highly competitive
with fuel boilers over their technology lifetime due to their high
efficiency and the prospect of corporate RE procurement in Indonesia.

FIGURE 3.6.7: LEVELIZED COST OF HEAT (LCOH) FOR STEAM
GENERATION OF THE ANALYZED TECHNOLOGIES FOR ATYPICAL
TEXTILE WET-PROCESSING FACILITY IN INDONESIA
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3.6.3. Low-Carbon Technologies for Hot Oil Boilers

Electric Hot Oil Boilers

Since our assumed efficiency and production levels are the same across
the countries studied, we do not present energy savings from hot oil boilers
again (see Section 3.2.2.).

Electrification with electric hot oil boilers would lead to a slight emissions
increase in 2030 under the Baseline RE Procurement pathway due to
Indonesia’s very high grid emissions factor and the low share of available
RE for direct procurement. However, as shares of RE procurement increase,
emissions can be reduced over time.

FIGURE 3.6.8: ANNUAL CO, EMISSIONS FROM COAL-FIRED
HOT OIL BOILERS VS. ELECTRIC HOT OIL BOILERS IN A
TYPICAL TEXTILE WET-PROCESSING PLANT IN INDONESIA,
BASELINE AND AMBITIOUS RE PROCUREMENT PATHWAYS
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Energy costs at a typical textile wet-processing plant in Indonesia are
expected to rise significantly with hot oil boiler electrification, even more
than steam boiler electrification, due to the lower efficiency gains of
electrifying coal-fired hot oil boilers. Decarbonizing hot oil-based heating
in Indonesia is thus a challenge from an energy cost perspective and
deserves further attention from the perspective of other decarbonization
pillars, for example focusing on energy efficiency.

Since electric hot oil boilers deliver fewer efficiency gains than electric steam
boilers, they begin emissions reductions in the Ambitious RE procurement
pathway in 2030 and the Baseline pathway in 2035. They do not, however,
achieve energy cost savings compared to coal in the studied period.

FIGURE 3.6.9: ENERGY COSTS OF COAL HOT OIL BOILERS
VS. ELECTRIC HOT OIL BOILERS IN INDONESIA,
BASELINE AND AMBITIOUS RE PROCUREMENT PATHWAYS
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Biomass Hot Oil Boilers

The emissions impacts of hot oil boiler electrification in Indonesia will be
the same for a typical textile facility across the studied countries (see
Section 3.2.2)).

Like biomass steam boilers, biomass hot oil boilers are expected to have
lower energy costs relative to coal-fired boilers, although biomass and
coal prices are expected to be more comparable in Indonesia than in
some other countries. However, prices vary significantly by location and
could rise significantly with demand increases or supply disruptions.

While sustainable biomass delivers emissions savings and marginal
cost savings, sustainable biomass availability is limited and the risks of
unsustainable biomass are higher than in the other countries studied.
Biomass should be explored very carefully on a case-by-case basis.

FIGURE 3.6.10: ENERGY COSTS OF COAL HOT OIL BOILERS VS.
BIOMASS HOT OIL BOILERS (SUSTAINABLE AND UNSUSTAINABLE)
IN ATYPICAL WET-PROCESSING FACILITY IN INDONESIA
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Natural Gas Hot Oil Boilers

Similar to our steam boiler analysis, there are no energy savings for
switching to natural gas hot oil boilers from coal hot oil boilers due to their
similar thermal efficiency. Additionally, emissions results are expected

to be the same for hot oil boiler conversion to natural gas in China (see
Section 3.2.3). For this reason, we have not repeated the emissions chart.

Like steam boilers, natural gas-fired hot oil boilers would have slightly
higher energy costs relative to coal boilers (Figure 3.4.11). Although facilities
using coal will face a higher carbon price, it's expected to be lower than
the long-term price difference between coal and natural gas fuel.

While natural gas steam boilers deliver emissions savings in Indonesia,
higher energy costs and infrastructural limitations make it unlikely to be a
viable alternative fuel.

FIGURE 3.6.11. ENERGY COSTS OF COAL HOT OIL BOILERS VS.
NATURAL GAS HOT OIL BOILERS IN A TYPICAL WET-PROCESSING
FACILITY IN INDONESIA
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3.6.4. Potential Impacts of Electrification
on the Electricity Grid in Indonesia

Electrification will increase electricity demand and place a greater
load on the grid (Figure 3.2.18 in Section 3.2.3 shows the estimated
rise in electrical load from electrification at a typical textile facility

in the studied countries). Our analysis shows switching to electric
steam boilers could add approximately 8 MW of extra electric load
at a typical textile facility. A heat pump could meet the same heating
needs with only around 3 MW of additional load. Similarly, electric hot
oil boilers are expected to add around 7 MW of extra load compared
to conventional hot oil boilers. These findings are consistent across
the studied countries (see Section 3.2.3.) because our analysis is
based on a similar facility in each country based on production
levels and technological efficiency.

= -

=l
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4. Implementation Guidelines for Electrification Technologies

in Textile Plants

Given the advantages of electrification technologies in many cases, a key part of a roadmap for textile plants adopting electric boilers or heat pumps
is a detailed, step-by-step process to develop the necessary supporting systems for electrification. The other technologies evaluated in this study,
namely biomass and natural gas boilers, are widely adopted and do not require additional implementation guidance. Similarly, while energy efficiency
innovations are also crucial to enabling electrification, these are not included in the implementation guidelines.

We have outlined the steps for transitioning to electrification from initial data gathering about the existing electrical system to the final implementation
and commissioning of new electric loads. This section outlines a suggested process for implementing an electrification project at a typical textile facility

and can be applied to industrial electrification in other sectors.

STEP 1: Data Gathering and Assessment

Thorough data gathering and assessment is the first step in adopting
electrification technologies in textile plants. The process begins with
collecting detailed information on the local electrical system, including
power generation equipment, electrical substations, distribution
systems, and end users. Identifying onsite electricity consumption

and generation is vital.

Additionally, an inventory of all fuel-fired systems within the facility
should be conducted. This includes on-site inspections; reviewing facility
blueprints; consulting with engineers to ensure all relevant equipment

is identified, and gathering key system information such as design and
operating parameters (e.g., heat input capacity, operating temperature,
and age of equipment) (Nandy et al. 2023). This enables the evaluation of
existing systems for compatibility with electric options and helps prioritize
equipment for electrification.

Another component is determining the fuel use and emissions for each
thermal process. This roadmap serves as a starting point, having provided
estimates for steam and hot oil boiler fuel use and emissions for a typical
plant in each country. Additional data — collected through measurements,
utility bills, engineering estimations, and external data sources (e.g. typical
emissions factors) — is required (Price et al. 2020).

STEP 2: Planning for Electrical Load Increase

The next step is planning for the increased electrical load from
electrification — a necessary step to ensure smooth integration and avoid
system overloads.

Building on data from Step 1, the process begins with a comprehensive
study of the current electrical charge distribution, using network
analysis software to evaluate load conditions under normal, minimum,
and maximum scenarios. This analysis identifies necessary upgrades,
including cables, transformers, and other key components. The data
should be used to create a system map or a single-line diagram that
visually represents the facility’s electrical network and demonstrates
electricity flow across the plant. A single-line diagram (also called a
one-line diagram) is a simplified representation of an electrical system,
showing the flow of power and key components of the system (e.g.
transformers, generators, circuit breakers, loads, switches, and distribution
panels). It uses single lines and standard symbols to depict power
generation, distribution, and consumption, as well as details such as
ratings for transformers and voltage levels.

Once the baseline data has been gathered, it is important to calculate the
additional load that will be introduced by the electrification technologies.
This step involves specifying the types of new equipment, their operating
conditions, and their energy consumption. This roadmap serves as d
starting point, as we have estimated the additional load from electric
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boilers and heat pumps for a typical wet-processing facility in each
country. Integrating additional loads into the network necessitates a
revised network analysis to determine the impact of these new demands
on the existing system. Understanding how the new equipment will affect
electrical distribution under varying operational conditions is essential
to ensure the system can handle peak loads without risking outages or
inefficiencies. This is especially important in regions with grid reliability
challenges, such as Bangladesh.

A short circuit study is also part of this planning process, assessing

the existing network’s capacity to handle potential faults and short
circuits once the new equipment is installed. This analysis will determine
whether the current infrastructure can safely support the increased
demand or if modifications — such as the installation of new equipment
or upgrades to transformers, switchgear, distribution panels, and other
key components — are required (O'Neil et al. — forthcoming). Advanced
analysis tools such as ETAP, MicroStation, and others can help facilities
with drafting, electrical load calculations, short circuit studies, relay
coordination, and other analyses.

After assessing the infrastructure readiness and performing the
necessary analyses, facilities and utilities can explore opportunities to
optimize electricity management techniques. Strategies such as load
management, power factor correction, and integrating renewable energy
sources can improve system efficiency to better support the new loads.
Facilities must work closely with utilities to understand whether grid
capacity upgrades are heeded to accommodate electrification.

STEP 3: Feasibility Assessment
for Electrification Technologies

Once the potential electrification technologies have been identified, the
next step is to conduct a comprehensive feasibility assessment. An initial
assessment could be done with Global Efficiency Intelligence’s Textile
Heating Electrification Tool. This Excel-based tool is designed to help
textile manufacturers evaluate the energy, emissions, and cost benefits
of switching from fossil fuel-based heating to electric technologies (see
section 6.1.3. for more).

Deeper feasibility assessments evaluate key factors such as the
technical feasibility, energy requirements, infrastructure compatibility,
cost-effectiveness, and environmental and operational impacts of

the electrification technologies. This step ensures that the selected
technologies are both feasible for the facility and capable of delivering
long-term operational and environmental benefits.

Technical feasibility involves analyzing the heating or power requirements
of the facility’s processes and ensuring that the selected electric
technologies can meet these demands (e.g. identifying specific
technology providers to see if their equipment can meet process heating
requirements). The facility’s process requirements must be mapped in
detail, and identify parameters like heat input, operating temperatures,
and throughput needs, which could be different for electrified systems.
As an example, electric systems often offer more precise control over
temperature, which could improve the quality and consistency of the end
product. However, adjustments may be needed to ensure compatibility
with upstream and downstream processes.

Next, a cost-benefit analysis should be conducted to evaluate if
electrification technologies are economically feasible. Facilities must
compare the capital and operating costs of the new electric systems

with those of existing fuel-fired systems, accounting for factors like
maintenance costs, energy savings, and potential reductions in scrap and
waste. Our levelized cost of heat (LCOH) of steam production, presented in
the previous chapter, is a useful starting framework for such analysis.

Assessing the environmental impact of the electrification project,
particularly the potential for CO, emissions reductions and the availability
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of corporate RE procurement, is key. As shown in our analysis, the
electricity supply determines whether or not electrification will reduce

or decrease emissions. Corporate RE procurement is necessary for
near-term decarbonization in countries with carbon-intensive grids that
transitioning to electrification. To identify locally available corporate RE
procurement mechanisms, facilities should review national policies and
regulations, which we briefly profiled in the previous section. Companies
may also consider investing in self-generation. Once viable mechanisms
are identified, they should engage with brands, utilities, RE developers, or
consultants to explore the feasibility of RE procurement.

Once the feasibility assessment is completed, electrification projects
should be selected based on technical feasibility, cost-effectiveness,

and environmental benefits — prioritizing those with the highest overall
impact. Projects that require minimal infrastructure upgrades or that can

be easily integrated with existing systems may also be prioritized for faster

implementation.

STEP 4: Implementation

Based on the selected technology, several general implementation
guidelines apply to electrification in textile plants. Securing project funds
will involve working with internal finance departments and external
funding sources like local and international banks or development funds.
The financing landscape and mechanisms in the studied countries are
discussed in Chapter 5.

Securing the necessary permits before installing the electrification
technologies is essential to ensure compliance with local, state, and
national regulations. This involves navigating electrical, safety, and
environmental regulations, which can vary by jurisdiction. Securing

building permits and adhering to electrical codes can prevent legal issues,

penalties, or project delays. Some technologies and grid modifications
may require special permits. Early engagement with local authorities is
recommended to streamline the process.

Once permits are secured, the procurement stage begins: drafting
technical specifications for equipment, conducting competitive bidding,
and selecting vendors based on technical, financial, and sustainability
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requirements. Ensuring that the selected equipment is compatible with
the facility’s existing infrastructure and operational needs is key. Working
closely with vendors and financial institutions can also help secure
favorable payment terms or financing arrangements. Additionally,
procurement should factor in delivery timelines, particularly for custom-
built equipment, to align with the project’s implementation schedule.

Installation is a critical phase where the new electrification technologies
are integrated into the existing infrastructure. Collaboration with
contractors or in-house teams will ensure the systems are installed
safely and efficiently following the designs created during planning.
After installation, thorough testing is crucial to verify the performance
and reliability of the systems. This includes stress testing under various
load conditions and ensuring that the new technologies meet efficiency
and productivity targets. Initial test runs under operational conditions
can identify issues early, allowing for adjustments before full-scale
operation begins.

Workforce training is essential to ensure proper operation and
maintenance of the newly installed systems. This can be done in
collaboration with apparel brands, government institutions, utilities, and
equipment vendors, which may be able to provide training sessions or
certification programs tailored to the specific technologies. Training
should cover both day-to-day operational procedures and long-term
maintenance requirements, including safety protocols, troubleshooting,
and efficiency optimization techniques.

Post-implementation, the electrification technologies should be
continually monitored to detect performance issues, ensure efficiency,
and prevent unexpected downtime. This may include setting up remote
monitoring systems to track energy consumption, equipment status,
and system performance in real time. Establishing regular maintenance
schedules is essential to ensure the longevity of the equipment, and
periodic reviews should be conducted to assess the system’s integration
with ongoing operations. Additionally, as energy demands evolve, the
electrification plan should be revisited to ensure the infrastructure can
accommodate future upgrades or expansions.

These guidelines outline specific facility-level steps based on our analysis
in Chapter 3.
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5. The Financing Landscape for Low-Carbon Technologies

Financing is a critical element in enabling the shift toward low-carbon
technologies, especially electrification. The complexity of financing
mechanisms for low-carbon technology adoption — along with the

need for capital investment in renewable energy infrastructure, grid
modernization, and on-site renewable energy generation — creates

both challenges and opportunities for textile producers. As more global
brands commit to reducing their supply chain emissions, textile producers
are increasingly incentivized to seek financing to adopt sustainable
technologies. A range of financing options is available, ranging from
traditional bank loans to innovative green bonds. The following sections
explore these financing mechanisms in more detail, highlighting their
applications for funding electrification technologies in textile plants across
key regions.

In September 2024, Aii published “The Brand Playbook for Financing
Decarbonization,” a guide to help brands explore various financial options
that can support or incentivize producers to invest in decarbonization
projects. Designed to bridge the gap between sustainability, sourcing, and
finance teams, the report outlines twelve distinct financial tools, referred to
as “plays,” that brands can use to contribute to these investments. It uses

a hypothetical facility improvement project to evaluate each play using
consistent criteria and highlighting the risks and benefits from the brand’s
perspective. Though the playbook may also benefit suppliers and financial
institutions, it is primarily designed for brand decision-makers.

5.1. Financing Mechanisms
for Low-Carbon Technologies

Several financing tools are available to textile companies to implement
electrification technologies, ranging from traditional bank debt to
innovative solutions like sustainability-linked loans, green bonds, and
guarantees. The financing landscape is rapidly evolving as governments,
development banks, and private investors prioritize low-carbon initiatives.
The following section highlights several key financing options for capital
expenditure for textile producers in the major production regions.

Bank Debt, Bonds, and Loan Funds

Bank debt, or traditional lending, is the most commonly used form of
financing for industrial projects, including those aimed at electrification.
Textile companies, particularly in emerging economies like India and
Bangladesh, can access loans from local, regional, and international banks.
However, textile producers, particularly SMEs, often struggle to secure
favorable loan terms due to limited credit histories or the perceived risk of
adopting new technologies. To address this, international development
banks and export credit agencies are increasingly offering low-interest
loans and guarantees to reduce financial risk for lenders and borrowers.

Bonds represent another financing option for larger textile companies.
Bonds, particularly green bonds, are publicly traded instruments
earmarked specifically for environmentally friendly projects. These
bonds typically offer lower interest rates than traditional debt due

to their sustainability focus, attracting socially conscious investors.
Development-oriented banks may issue green bonds to finance large-
scale electrification projects. Green bonds have seen growing interest in
regions with developed financial markets, like China.

Loan Funds are private investment funds targeting lower-risk projects
that promise stable returns, such as upgrading to energy-efficient
equipment or installing renewable energy capacity at textile plants.
Textile producers in Vietham and Indonesia can benefit from loan funds
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that are increasingly seeking to invest in projects with clear sustainability
outcomes. The rise of climate-focused investment vehicles has improved
funding availability for projects with proven technologies, reducing the
financial burden on companies seeking to transition to low-carbon
thermal energy.

Venture Capital and Private Equity

Venture Capital (VC) and Private Equity (PE) firms play a crucial role in
financing more innovative and higher-risk electrification technologies.
While bank loans and bonds tend to support projects with proven
outcomes, VC and PE firms are more willing to invest in nascent
technologies with the potential for high returns. For textile producers,
especially in regions with emerging renewable energy markets (e.g.
Indonesia and Bangladesh), VC and PE funding can help finance high-
temperature heat pumps, which currently face major CAPEX hurdles but
offer significant energy savings that could translate into rapid payback
and an internal rate of return (IRR).

VC and PE investors provide not only capital but also strategic expertise,
helping textile companies navigate the complexities of scaling new
technologies. In return, the investors seek high returns, which often come
with higher risks. For instance, in Vietnam, where the government has
begun opening a market for PPAs, PE firms could play a pivotal role in
financing infrastructure projects that help textile producers transition to
renewable electricity and align with Vietnam'’s regulatory framework.

Brand and Manufacturer Capital

Another important source of funding can be brand and manufacturer
capital, wherein global apparel brands co-invest alongside textile
manufacturers to achieve sustainability goals. In the context of supply
chain decarbonization, many global fashion brands have pledged to lower
the carbon intensity of their operations, and are increasingly willing to co-
invest in electrification projects to meet that goal.

Brands that have adopted long-term sustainability commitments often
use their own funds to co-finance pilot projects and feasibility studies

for low-carbon technologies. These investments are mutually beneficial:
brands reduce their supply chain emissions while producers can upgrade
their facilities without bearing the full financial burden.

Brand Premiums

Brands can also address the challenges of higher energy costs from
electrified technologies, which are the key drivers of overall operating
cost differentials. One approach is a sustainability premium, with brands
paying a higher price per unit of product to facilities implementing low-
carbon heating technologies, helping to offset OPEX linked to electrified
heating. Premiums may be necessary in countries where the price of
electricity does not drop until after 2035/2040. For brands with 2040 net
zero targets, electrification is required to meet those goals, and this cost
increase should be considered in their planning.

Government, Development Bank, and Philanthropy Support
Governments, development banks, and philanthropic organizations are
key players in de-risking early-stage technologies and providing capital
for projects that align with broader societal goals, such as decarbonization
and improving energy efficiency. Textile producers in emerging economies
like India, Vietnam, Bangladesh, and Indonesia can access development
financing through concessional loans, grants, or subsidies. For example,
the Asian Development Bank (ADB) and World Bank have played leading
roles in funding infrastructure projects related to renewable energy and
energy efficiency in the studied countries.

Government programs, such as the Green Development Fund in China,

are crucial for offsetting the high upfront costs of electrification
technologies. Philanthropic organizations can also provide grant

funding to support the initial research and development of low-carbon
technologies, helping textile producers pilot these innovations. Additionally,
development banks often provide loan guarantees or blended finance,
lowering the risk for private investors and commercial banks willing to
invest in electrification projects.

Governments and development banks can also work with manufacturers
to commit to longer-term PPAs when procuring renewable electricity,
offering more favorable and stable prices. In practice, these institutions
could provide a letter of commitment or guarantee to support the
manufacturer’s PPA with a renewable energy provider, though the

PPA contract itself would typically be signed directly between the
manufacturer and the provider. This arrangement stabilizes energy costs
for the manufacturer and de-risks the investment for both the energy
provider and the manufacturer.
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Sustainability-Linked Loans and Corporate Guarantees
Sustainability-Linked Loans (SLLs) and Corporate Guarantees are
innovative financing mechanisms that have gained traction in the
textile sector. SLLs are structured so that the interest rate is linked to

the borrower’s ability to meet specific environmental or social targets.
For example, a textile company in Vietham could receive a loan with a
reduced interest rate if it successfully reduces its energy consumption or
shifts a significant portion of its energy use to renewable sources.

Corporate guarantees, on the other hand, involve a brand or large
manufacturer guaranteeing a loan to a producer, which can lower the risk
profile of the loan and make it easier for the producer to secure financing.
These mechanisms are particularly useful in countries like Bangladesh and
Indonesia where textile SMEs often face difficulties in obtaining loans due
to their size and limited credit history. With the backing of a well-known
brand or multinational corporation, producers can access the capital
needed to transition to electrification technologies.

5.2. Country-Specific Financing Mechanisms
for Textile Industry Decarbonization

China

In China, the government will play a critical
role in providing financial support for the
textile sector’s adoption of low-carbon
technologies. The China

Development Bank (CDB) and the
Industrial and Commercial Bank of
China (ICBC) are among the largest financiers
of renewable energy projects and low-carbon
technologies. With policy and regulatory support, d

China’s large development and commercial banks can offer loans with
favorable interest rates to textile producers investing in electrification
technologies like electric boilers, heat pumps, and renewable energy
systems. These institutions are also able to access government
guarantees, which can help de-risk lending for small and medium-sized
textile producers. Additionally, China has a well-established green bond
market, which could be extended to textile manufacturers. The National
Green Development Fund, under multiple ministries, could be directed to
provide subsidies and grants to textile producers that prioritize energy
efficiency and electrification.

In China, utilizing special funds and subsidies to support energy transition
initiatives is a common practice. The government has introduced a top-
down support strategy to promote electrification. In April 2024, the Ministry
of Industry and Information Technology (MIIT) and six other government
departments jointly issued “The Implementation Plan for Promoting
Equipment Upgrades in the Industrial Sector.” The plan emphasizes
enhancing financial and tax support for industrial equipment upgrades
and technological transformations. Key projects that meet specified
criteria will be eligible for funding under the central government’s
budgetary investment framework.

Among the countries studied, a unique financing possibility for China is
the potential of its institutions to provide overseas finance and investment
for low-carbon technology adoption in the textile industry. Chinais a
major financier of global infrastructure development through its Belt

and Road Initiative — driven by CDB and CHEXIM and major outflows of
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private capital. Recent policy announcements to green the Belt and Road
have highlighted renewable energy and grid infrastructure development
in partner countries, and there is ambition to increase funding for low-
carbon technologies. Initiatives such as the Green Innovation and
Financing Partnership represent emerging mechanisms for channeling
China’s overseas finance towards greener investments. With policy
support and guidance, China’s overseas development finance and other
forms of capital could be incentivized to support the textile industry in
partner countries.

India

India’s textile sector should receive significant
support from both public and private financing
initiatives focused on decarbonization and
electrification. The Ministry of Textiles, in
collaboration with the Ministry of New and
Renewable Energy (MNRE), can offer subsidies
and grants for textile producers investing in
electrification technologies (e.g. electric boilers
and rooftop solar). Through the Perform, Achieve,
and Trade (PAT) scheme, industries in India — including textiles — are
incentivized to adopt energy-efficient practices and can trade energy-
saving certificates to provide an additional revenue stream. Development
banks, such as the State Bank of India (SBI) and the National Bank for
Agriculture and Rural Development (NABARD), can provide concessionall
loans to textile producers for electrification and renewable energy projects.

SIDBI (Smaill Industries Development Bank of India) provides specialized
financing for energy efficiency (EE) and decarbonization projects

in industrial SMEs through concessional loans and grants under its
Sustainable Finance Scheme, which could be extended to the textile sector.
International financing mechanisms are also available in India and could
be leveraged by the textile sector with policy support. Global development
institutions such as the International Finance Corporation (IFC) and the
Asian Development Bank (ADB) have made long-term financing available
for low-carbon projects, offering direct loans, equity investments, and co-
funding arrangements for companies adopting renewable energy and
low-carbon technologies.

Another notable financing mechanism for India is green loans
offered by major international brands committed to reducing their
supply chain emissions. These brands offer incentives, including
lower interest rates, to suppliers who adopt electrification and other
low-carbon technologies, bridging the financing gap for producers.
A consortium of brands launched the Future Supplier Initiative in
partnership with DBS, a bank, to help suppliers access green loans
for infrastructure. The Initiative has reported success in unlocking
collaborative financing for infrastructure upgrades in India and has
supplier cohorts in Bangladesh and Vietnam, with plans to expand to
China (Stroh 2024). For a more comprehensive overview of financing
opportunities in India, please refer to Aii's report in collaboration with
Development Finance International (DFI), “Landscape and Opportunities
to Finance the Decarbonization of India’s Apparel Manufacturing
Sector.” which explores how to mobilize sustainable financing and
support the decarbonization of India’s textile and apparel industry.

Vietham

Although Vietnam has relatively less developed capital
markets, it does have options for development finance,
such as the Vietham Development Bank (VDB). The
Ministry of Industry and Trade (MOIT) provides subsidies
for energy-efficient technologies through the Vietham
National Energy Efficiency Program (VNEEP). As Vietnam's
capital markets are still maturing, international finance
may be a better prospect for financing the textile
industry’s transition to low-carbon thermal energy.

The Asian Development Bank (ADB) and other

international development banks are collaborating with the
Vietnamese government to fund renewable energy and industrial
decarbonization projects. In addition, both Vietham and Indonesia
have established Just Energy Transition Partnerships (JETPs) with

a group of international partners that will support low-carbon
transition. This could have spillover effects for the textile industry.
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Bangladesh

Bangladesh, as one of the world’s largest textile
producers, has a growing demand for financing low-
carbon technologies. However, textile manufacturers
in Bangladesh face several hurdles, including limited
access to affordable financing for electrification
projects. The Bangladesh Bank offers concessional
financing under its Green Transformation Fund, which
provides low-interest loans for renewable energy and
energy efficiency projects. In addition, the Infrastructure Development
Company Limited (IDCOL), a government-owned financial institution, offers
financing for solar energy installations and other low-carbon technologies.
Textile producers, particularly in key production hubs like Dhaka and
Chittagong, could access these funds to implement electrification projects.

International development institutions play a pivotal role in
financing Bangladesh's transition to low-carbon technologies. The
International Finance Corporation (IFC), in partnership with the World
Bank, supplies financing for energy efficiency and renewable energy
projects in Bangladesh. Key bilateral financiers include Germany,
France, Japan, and multilaterals include the Asian Development
Bank. These institutions offer a combination of grants, loans,
technical assistance, and engagement with various stakeholders,
steering them towards a textile industry low-carbon transition.

Indonesia

Compared to India and China,
Indonesia’s textile industry faces
more significant challenges in
accessing financing; however, there
are several mechanisms in place

to encourage electrification. The Ministry of Industry and the Ministry

of Energy and Mineral Resources (MEMR) offer subsidies and incentives
for renewable energy and low-carbon technologies. The government,
in partnership with state-owned banks such as Bank Negara Indonesia
(BNI) and Bank Rakyat Indonesia (BRI), could provide concessional loans
to textile producers. These banks also collaborate with international
development institutions like the International Finance Corporation (IFC)
and the Asian Development Bank (ADB) to offer long-term financing for
renewable energy integration.

Indonesia has also seen the emergence of green bonds as a financing tool
for renewable energy projects. While the green bond market is still in its
infancy, major textile manufacturers or industry associations, particularly
those exporting to international markets, could explore issuing green
bonds to finance electrification and renewable energy projects, with
underwriting from the government and financial institutions.
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6. Low-Carbon Thermal Energy
Roadmap for the Textile Industry

The textile industry’s transition to low-carbon thermal energy is
achievable by 2040 if concerted efforts are made to implement the
assumptions outlined in this report.

The following roadmap outlines a phased approach for apparel
brands and textile manufacturers across China, India, Vietnam,
Bangladesh, and Indonesia. Each phase of the roadmap — Plan & Pilot
(2025-2030), Deployment (2030-2035), and Scale-Up (2035-2040) —
focuses on specific actions for brands, manufacturers, and other
stakeholders across countries, highlighting the necessary strategies
for each region’s unique energy landscapes, resource availability, and
policy contexts (Figure 6.1.).
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FIGURE 6.1: LOW-CARBON THERMAL ENERGY ROADMAP FOR THE TEXTILE INDUSTRY IN THE FIVE STUDIED COUNTRIES

Plan & Pilot Stage: 2025-2030

Deployment Stage: 2030-2035

Scale-Up Stage: 2035-2040

Appurel « Work with suppliers on energy efficiency and reducing energy needs, « Facilitate biomass phase-out due to projected cost « Fully transition away from biomass across
Brands using the best available technologies and innovations. increase and decreased availability of sustainable all countries.
« Initiate pilot electrification projects paired with RE procurement where biomass in India, Vietnam, and Indonesia. « Work with Bangladesh on natural gas
it is available (China and Indioi. - Assess electrification feasibility and adopt where phaseout and electrification adoption.
» Work with textile manufacturers to plan for and procure RE. Focus on R R I C R R R ST et « Scale electrification with RE adoption.
S A S efficient electrification technology.
navigating DPPA in Vietnam and engaging in advocacy for corporate > GO e crvesse i seved RE
RE procurement in Bangladesh and Indonesia. « Accelerate RE procurement in China, India, pro :
) frameworks and cost-competitive PPAs in
S . . B . and Vietnam. :
« Standardize industry definitions of sustainable biomass using all countries.
existing guidelines. + Establish RE goals in Bangladesh; encourage RE - support policies that align with fully
. . B . ’ adoptionin Indonesia ; .
« Verify sustainable biomass sourcing and assess supply over time. decarbonized thermal energy in the
- Leverage agricultural residue supply in China; verify any additional * Provide technical and financial support for textile industry.
- geagr B A PRy s verity any . electrification deployment, especially heat pumps.
biomass use in India and Vietnam; discourage biomass in Indonesia;
carefully assess impacts in Bangladesh. « Seek out additional funding for electrification and
- Support RE development and RE grid integration. financing partnerships (e.g., CDBin China, SBlin Indlq).
. « Advocate for improved RE frameworks and
« Advocate for grid infrastructure and corporate procurement _ i
N : A cost-competitive PPAs.
mechanisms in Bangladesh and Indonesia.
Textile « Continue energy efficiency work and explore innovative solutions to « Phase out biomass as sustainable and affordable « Fully phase out biomass across all countries.
reduce thermal energy needs. sources decline in India, Vietnam, and Indonesia. .
Manufacturers + Phase out natural gas in Bangladesh.
« Assess RE procurement feasibility. « Secure long-term RE procurement agreements. - Fully adopt electrification technologies
« With brand support, begin pilot projects in China, India, and Vietnam. « Prioritize emerging RE opportunities in Bangladesh powered by 100% RE in all countries.
« Request standardized definitions and approaches to sustainable and Indenesia. « Seek additional efficiency and cost-saving
biomass from brands. « Seek technical and financial assistance from brands measures that can leverage electrification
- Ensure verifiable and sustainable biomass sourcing. for electrification, especially heat pumps. Ger.%. %ecl?;and response programs) in China
« Plan for medium-term electrification as biomass becomes less viable  Participate in financing initiatives with brands and .
i o i M government. « Continue collaboration with a wide-range of
P . « Advocate for grid-ready infrastructure and RE chigpssnslieligjeleicl Beme vl el
+ Advocate for access to existing RE procurement mechanisms in China, affordability in Bangladesh. institutions, utilities, and policymakers.
India, and Vietnam.
« Collaborate with brands to advocate for RE procurement mechanisms
in Indonesia and Bangladesh.
« Promote policies for sustainable biomass MRV.
Policymakers « Provide incentives and grants for electrification pilot projects in « Provide capacity building and multi-stakeholder
the textile sector. convenings to share knowledge around successful
« Work on harmonizing standards and regulations for sustainable electrification deployments.
biomass across regions. » Move from government grants towards tax incentives
and market mechanisms to encourage wider
deployment.
Financial « Establish pilot project financing mechanisms for textile manufacturers, « Incorporate pilot project results to develop a business
Institutions particularly for heat pump CAPEX. case for electrification technologies.
« Support capacity building and preparatory activities for electrification - Leverage private sector finance
in Bangladesh and Indonesia.
Utilities « Work with policymakers to ensure grid readiness for industrial electrification. | « Seek financing for grid modernization projects.

- Streamline corporate RE procurement mechanismes.

- Offer favorable rates, at a minimum for T&D charges for
electrification projects.

« Offer electrification technical support to
textile manufacturers.

« Implement smart grid technologies.

Low-Carbon Thermal Energy Roadmap for the Textile Industry | written by Global Efficiency Intelligence, LLC for apparel impact institute

90



6.1. Plan & Pilot Stage: 2025-2030

6.1.1. Actions for Apparel Brands

The Plan & Pilot stage (2025-2030) will focus on enabling actions to prepare
energy, policy, and infrastructure landscapes across China, India, Vietnam,
Bangladesh, and Indonesia for the long-term adoption of electrification
technologies and near-term adoption of biomass in the most viable
locations. Following is an outline of actions apparel brands should take
during this phase:

Thermal load reduction: Reducing a site’s thermal energy load will have
the greatest impact — after RE availability — on the economic viability of
electrification. Brands must work closely with textile manufacturers to set
long-term targets and action roadmaps to improve energy efficiency

and reduce overall consumption. This can be supported by Aii's programs
and Climate Solutions Portfolio. Brands should collaborate with textile
manufacturers to identify any needed technical and financial support
and establish appropriate timelines. This is also the time for brands to pilot
advanced thermal load-reducing technologies to share learnings and
enable scaled deployment in the next stage.

BIOMASS AS A TRANSITION FUEL?

The results of this study indicate that due to risks inherent in

scaling up biomass sourcing, biomass may be an appropriate
transition fuel in some places, but it is not as good as electrification
for long-term decarbonization. The report recommends

verifying sustainable biomass sources for facilities that

adopt biomass in the near-term, while beginning to phase

out biomass in 2030 and beyond based the availability of
corporate RE procurement by then to support electrification.

Initiate pilot electrification projects paired with RE procurement:
Apparel brands can drive electrification by collaborating with textile
manufacturers to initiate pilot projects, especially heat pumps, paired
with corporate RE procurement when feasible in the near term.

« China and India have the most developed corporate RE procurement
markets of the countries studied. Brands can leverage various
mechanisms to procure RE and adopt electrification technologies.

« Vietnam’s recently introduced DPPA mechanism allows brands the
opportunity to help eligible suppliers navigate the framework, build
familiarity with the regulatory landscape, and gain experience with RE
procurement for Viethamese textile manufacturers.

» Bangladesh has many textile facilities that are not grid-connected, and
RE procurement mechanisms are nascent. Brands should focus their
efforts on advocating for RE policy frameworks, such as the proposed
Corporate Power Procurement legislation, and general improvement of
grid infrastructure and RE supply.

« Indonesia also has a relatively limited corporate RE procurement market.
During this stage, brands should prioritize advocating to build this
market, paving the way for future electrification.
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Verify sustainable biomass sourcing: Sustainable biomass use requires
careful assessment across all regions. Brands can offer technical support
to facilitate sustainable sourcing and financing for biomass-switching
projects. Brands should refer to the Institute for Sustainable Communities
Guidelines or other industry-recognized definitions of sustainable
biomass. There is a need to standardize brand requirements to textile
manufacturers for biomass sourcing across the industry. This should align
to standard bodies for a common message to shared suppliers to amplify
impact. Additionally, due diligence is necessary for all biomass sources —
even if they meet the definition of sustainable in these guidelines. Brands
can advocate for transparent MRV frameworks and verification methods .
that can help ensure biomass is sustainably sourced to improve policy.

Advocate for an enabling environment for low-carbon thermal energy:
In all studied countries, brands should advocate alongside organizations
like the Asian Clean Energy Coalition for increased access to renewable
energy and the necessary infrastructure to support it.

« China and India present opportunities for brands to push for improved
RE integration and lower-cost RE (relative to grid electricity).

« Vietnam’s advocacy should focus on implementing the DPPA
mechanism and increasing RE supply.

Indonesia and Bangladesh are regions where brands should advocate
to establish corporate RE procurement mechanisms, strengthen grid
infrastructure, and increase RE supply.

 China has relatively abundant sources of agricultural residues and
waste biomass, making it a potential transition fuel. Brands can explore
this option if their suppliers are located in regions that allow biomass
boilers and have a sustainable supply.

India and Vietham already have many textile facilities that rely heavily
on agricultural biomass. Brands should ensure that any additional
biomass adoption requires suppliers to source verifiable and sustainable
agricultural residues, while also developing electrification plans as
biomass availability is expected to decrease and costs may rise.

Indonesida’s biomass sourcing poses a high risk of deforestation.
Brands should discourage large-scale biomass use and prioritize
electrification readiness.

Bangladesh faces significant competition for agricultural residues from
local farmers and communities, requiring a thorough examination of
social and environmental impacts before biomass adoption. Ultimately,
brands and manufacturers must work together to assess their own
biomass supply chains and conduct long-term risk assessments on
sustainability. For this reason, we recommend brands pursue traceability
and that textile manufacturers only purchase certified sustainable
sources of biomass.
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Establish clear low-carbon thermal energy plans, progress metrics,

and budgets: Apparel brands should demonstrate their commitment to
low-carbon thermal energy by publishing clear roadmaps and progress
metrics. They should also allocate budget to support textile manufacturers
in financing this transition. This will provide a unified market signal to

aid advocacy efforts and strengthen demand for governments, utilities,
financial institutions, and other stakeholders to accelerate the transition to
low-carbon thermal energy.
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6.1.2. Actions for Textile Manufacturers

During the Plan & Pilot stage, textile manufacturers in the studied countries
should prioritize actions that align with their regional energy landscapes
and available resources to prepare for a low-carbon transition. Following
are key actions for textile manufacturers:

Thermal Load Reduction: Prior to RE procurement, textile manufacturers
will benefit from reducing their thermal energy load. Textile manufacturers
should work closely with brands to improve energy efficiency and reduce
overall. In this time stage, textile manufacturers should prioritize solutions
that are well-established with shorter payback periods. By implementing
best practices and optimizing processes, textile manufacturers can
significantly reduce emissions and cost. Where possible, more innovative
solutions like waterless dyeing can be piloted with brand support. Textile
manufacturers should communicate investment plans to brands, enabling
them to offer technical and financial support for these initiatives.

Explore RE procurement feasibility: Textile manufacturers should explore
RE procurement options based on local mechanisms. Where mechanisms
exist (e.g. China, India, and Vietnam), textile manufacturers should pursue
options that will lower costs relative to grid electricity. In regions where RE
infrastructure is still developing (e.g. Bangladesh and Indonesia), textile
manufacturers should collaborate with apparel brands, policymakers, and
utilities to advocate for frameworks enabling corporate RE procurement.

Evaluate electrification feasibility and work with technology

suppliers: Electrification pilot projects should begin in this stage. Textile
manufacturers must use tools like the decision tree to identify the most
suitable electrification technology based on emissions and cost, and then
evaluate process-level electrification opportunities. Implementing pilot
projects alongside brands is key to driving success.

Verify sustainable biomass sources: In the near term, textile
manufacturers must ensure sourcing from verifiable and sustainable
biomass sources before adoption. Textile manufacturers should call for
standardized definitions from brands that align with existing guidelines

(e.g. Institute for Sustainable Communities Guidelines). Across all countries,

textile manufacturers should assess medium- to long-term supply and
pricing trends to plan for electrification transitions when biomass assets
reach retirement or become less economically viable.

Thermal load reduction is a very important option for textile manufacturers
without access to RE or sustainable biomass, along with RE policy advocacy.

6.1.3. Textile Heating Electrification Tool

During this planning stage, we encourage brands and textile
manufacturers to use the Textile Heating Electrification Tool. Developed
by Global Efficiency Intelligence with support from OIA's Clean Heat
Colab and leading apparel brands, it is an open-source, Excel-based tool
designed to help textile manufacturers evaluate the energy, emissions,
and cost benefits of switching from fossil fuel-based heating to electric
technologies. The tool provides country-specific data for key textile-
producing regions, analyzes the impact of electricity decarbonization,
and provides implementation guidance to support the transition.
Additionally, it includes a database of industrial heat pump and electric
boiler manufacturers to support textile facilities in decision-making and
investment in clean heat technologies.
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6.2. Deployment Stage: 2030-2035

6.2.1. Actions for Apparel Brands

During the deployment stage, apparel brands need to direct financial
and technical support toward the widespread adoption of electrification
technologies while also phasing out biomass due to rising costs and
supply chain risks.

Scale thermal load reduction innovations: Completing key actions

from 2025-2030 should decrease the CAPEX for thermal load-reducing
technologies. Regardless, textile manufacturers will still require
implementation support to ensure that their thermal load is sufficiently
reduced to optimize electrification. At this time, brands will need to expand
funding, technical support, and human resources to support suppliers
undertaking continuous thermal load reduction initiatives.

Provide technical support for electrification: By 2030, our study assumes
RE procurement will be sufficiently available and heat pumps will be price-
competitive with coal in China, India, and Vietham — enabling a more
widespread transition to electrification technologies. Supporting suppliers
through technical support for electrification technologies is essential.

 India’s textile manufacturers may be transitioning from biomass.
Brands’ efforts should support regions with the most accessible and
low-cost PPA markets.

» Vietnam’s corporate RE procurement market is expected to be more
mature by 2030, permitting brands to support manufacturers in
electrification while expanding access to PPAs for smaller facilities.

« Bangladesh’s corporate RE market may be emerging at this stage. Brands
must actively establish RE procurement goals and support manufacturers
in entering new PPA frameworks as they become available.

« Indonesia’s RE supply may still be low at this stage. Early electrification
efforts can be supported by brands through partnerships with locall
and international financiers. Brands should also encourage suppliers to
phase out biomass as viable RE options expand.

Drive biomass phaseout: Sustainable biomass sources are likely to
face limitations during this stage. Brands should help suppliers retire
uneconomical biomass boilers and transition to electrified alternatives.
Brands’ continued advocacy for strict procurement guidelines can
help discourage unsustainable biomass sourcing and make the
business case for electrification — particularly for facilities facing
biomass price increases.

Leverage multiple financing sources financing for electrification:
Scaling electrification and RE adoption will require various
financing models.

« China and India offer pathways for brands to collaborate with
financial institutions (e.g. CDB and SBI/SIDBI, respectively) to develop
joint financing mechanisms that reduce the financial burden on
textile manufacturers.

 India, Vietham, Bangladesh, and Indonesia, which are supported by

multilateral development bank finance, offer the opportunity for brands

to leverage local partnerships and facilitate large-scale deployment.
However, a key ongoing source of financing for electrification should
be direct support and premiums from the brands themselves.
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6.2.2. Actions for Textile Manufacturers

During the deployment stage, textile manufacturers should prioritize
procuring long-term RE contracts to provide a stable foundation for
the lifetime of electrification projects. Simultaneously, rising biomass
prices may require some textile manufacturers to phase it out while
preparing for electrification.

Secure Long-Term Renewable Energy Agreements: A key action for
textile manufacturers across all countries is to secure longer-term
RE procurement agreements (such as PPAs), which will form the
foundation for electrification efforts.

« Chinaand Indid’s RE and electricity spot markets are expected to
be well-developed by this stage. Textile manufacturers can consider
integrating energy storage systems to participate in grid services
like demand response, enhancing both energy cost-efficiency and
grid stability.

» Vietnam, Bangladesh, and Indonesia’s manufacturers should
capitalize on emerging RE procurement opportunities as corporate
energy markets mature, prioritizing longer-term agreements.

Transition to Electrification and Phasing Out Biomass and Fossil Fuels:
As biomass boilers are phased out and sustainable biomass becomes
less available, electrification will be the long-term decarbonization
solution. Bangladesh, with its heavy reliance on natural gas and
developing grid infrastructure, faces a unique challenge in transitioning
to electrification. Facilities that can procure RE should conduct
techno-economic feasibility studies to identify suitable electrification
technologies and integrate these findings into their planning processes.
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6.3. Scale-Up Stage: 2035-2040

6.3.1. Actions for Apparel Brands

During the scale-up stage from 2035 to 2040, apparel brands need to
support textile manufacturers in transitioning to fully electrified processes
powered by renewable energy. By this stage, renewable energy is
assumed to be widely available and cost-competitive.

Scale up RE procurement and electrification deployment:

« Chinag, India, and Vietham are assumed to have well-established
RE availability and cost-competitive electrification by 2035. Brand
collaboration with textile manufacturers to streamline financing
mechanisms and ensure the successful deployment of electrification
technologies is essential. In India and Vietnam, particular attention
must be paid to transitioning from biomass assets reaching the end
of their lifecycle.

» Bangladesh and Indonesia will require brand support to transition
textile manufacturers away from natural gas, coal (Indonesia),
and biomass while also backing large-scale renewable energy
projects to expand RE supply.

6.3.2. Actions for Textile Manufacturers

Fully Transition to Electrification with 100% RE: Textile manufacturers
across all five countries should fully transition their operations to
electrification, powered by 100% RE. This phase requires manufacturers to
implement electrification technologies at scale while addressing country-
specific challenges and opportunities.

China, India, Vietnam, and Indonesia, the transition will be facilitated
by the anticipated development of well-established RE procurement
systems and grid infrastructure.

Bangladesh’s RE availability may lag behind. Manufacturers can focus
on hybrid systems or electrification at facilities meeting previously
described criteria.
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7.Conclusion and Summary of Recommendations

This report has analyzed four different thermal energy technologies
for the textile industry, presenting quantitative analysis and an action-
oriented roadmap for five major textile-producing countries. Our
analysis shows that electrification technologies, heat pumps and
electric boilers, hold the most promise for reducing CO, emissions
from textile and apparel manufacture in all countries. However,
their success relies on several assumptions that were difficult

to accurately estimate and may not be achievable. Successful
electrification will require all stakeholders (mcmufocturers, brands,
governments, etc.) to collaborate and prioritize progress towards
clean electricity, RE procurement, and other enabling conditions.

Electricity grids in the studied countries are expected to incorporate
higher shares of renewable energy over time. Corporate RE
procurement markets in China, India, and Vietnam are poised

for strong growth and lower-cost RE for individual facilities in the
near future. While corporate RE procurement in Bangladesh and
Indonesia is still emerging, mechanisms such as RE PPAs could
expand, supporting decarbonization via electrification.

Economically, heat pumps and electric boilers prove to be cost-
competitive when factoring in long-term savings from decreasing
electricity costs, carbon pricing, and other factors. In all countries studied,
heat pumps deliver near-term emissions reductions and cost savings.
Piloting steam between now and 2030 and implementing warm water
heat pumps presents the biggest emissions and economic opportunity.
Electrification is particularly promising in Ching, India, and Vietham in the
near to medium term, and Bangladesh and Indonesia in the longer term.

Sustainable biomass can reduce CO, emissions if sourced from certified
sustainable waste, but verifying origins and accounting is a challenge. As
demand and price increase, emissions reductions from biomass adoption
are less certain than via electrification. Near-term, sustainable biomass
(e.g- agricultural residues) can deliver reductions. Long-term, the supply
of sustainable biomass will be limited. It is for this reason that we see
electrification as the more viable low-carbon solution for the industry.

Natural gas may have lower emissions than coal if methane emissions
from production are negligible. However, the limited availability of
natural gas in many countries disqualifies it as a practical matter,
notwithstanding cost or environmental performance compared to
coal. Our analysis indicates only sustainable biomass is a practical
alternative fuel, as natural gas supply and infrastructure are predicted
to be in place only in Bangladesh between now and 2040 (Table 7.1.).

Given the policy support for energy storage in many of the studied
countries and its role in enabling electrification paired with RE, energy
storage can be a key factor for electrification at individual facilities;
however, quantitative analysis of storage technologies was outside of
the scope of this study.
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COUNTRY COMPARISON & SUMMARY: CHINA

Biomass Natural Gas Electrification
overview Biomass Impacts of Natural Gas Impacts of Grid Electricity | Availability Impacts of Impacts of Baseline Ambitious
Availability Biomass Availability Natural Gas of RE for Adopting Adopting Scenario Scenario
Steam/ Hot Steam/Hot Procurement Steam- Electric RE RE
Oil Boiler Oil Boiler Generating Steam/Hot Oil | Procurement | Procurement
Adoption Adoption Heat Pumps Boilers
Status 4% of current CO2 emissions | 8% of total Natural gas Fastest Corporate RE Leads to CO;, emission 2030-50% 2030-100%
total national reductions energy supply. | has a higher expanding procurement greater reductions
energy supply, | dependon cost than coal; | RE capacity is growing with efficiency dependon 2035-75% 2035-100%
but large biomass less emissions | globally. emerging policy | gains and share of RE
volumes source. savings and market energy procurement, | 2040-100% 2040-100%
unused waste | Unsustainable relative to mechanisms. savings and economic
sources. biomass sustainable relative to feasibility
increases biomass electric depends on RE
emissions adoption. boilers.Can cost.
compared to already result
coal. in substantial
emissions and
energy cost
savings by
2030.
Future Government Low biomass 40% of natural Natural gas Challenges with | GPT and GECs Steam Not energy
Opportunities plans to pricesrelative | gas comes prices are RE integration, very promising, | generating cost
& Challenges increase to coal may from imports expected including growinginscale | heat pumps competitive
utilization; drive near- and therefore | torise, and transmission and suitable stillneed tobe | in2030, but
however, term adoption. | has price switching to constraints for textile piloted and canreduce
biomass However, volatility and natural gas and lack of manufacturers. | provenforthe | emissionsin
boilers prices will risks. boilers willnot | inter-provincial | PPA textile industry. | the near term.
regulations increase lower energy electricity attractiveness Electric steam
vary by if demand costs. trading rates19/30ina boilers have
province. grows and market list of majority lower energy
significantly. structure. mature costs by
economies. 2035.By 2040,
both types of
electric boilers
expected
to be fully
competitive
with coal
boilers.
Recommen- Explore certified sustainable Limited opportunity as The grid is Pursue Implement Explore
dation biomass as an alternative fuel alternative fuel - supply and decarbonizing, | corporate RE lower transition to
inregions where cheap and cost challenges; not aligned to but this will procurement temperature electric steam
certified sustainable biomassis | netzero asitis still afossil fuel not be the to support hot water heat | boilers from
available. Evaluate on a case- main source of | electrification, pumps from 2035 and
by-case basis due to the large electricity for improve the 2025 onwards; | electric hot oil
regional differences facilities in the enabling pilot steam boilers from
near future due | environment. generating 2040 onwards.
to volume of RE heat pumps
needed, market so scaled
flexibility, and deployment
price. can occur by
2030.
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COUNTRY COMPARISON & SUMMARY: INDIA

Biomass Natural Gas Electrification
overview Biomass Impacts of Natural Gas Impacts of Grid Electricity | Availability Impacts of Impacts of Baseline Ambitious
Availability Biomass Availability Natural Gas of RE for Adopting Adopting Scenario Scenario
Steam/ Hot Steam/Hot Procurement Steam- Electric RE RE
Oil Boiler Oil Boiler Generating Steam/Hot Oil | Procurement | Procurement
Adoption Adoption Heat Pumps Boilers
Status 22% of energy Sustainable 6% of total Natural gas Rapid Most developed | Leads to CO;, emission 2030-50% 2030-100%
inIndiais biomass energy supply | has ahigher expansion of corporate RE greater reductions
derived from can deliver with 47% costthan coal | solar energy, procurement efficiency dependon 2035-75% 2035-100%
biomass and energy cost coming from and prices are | becoming one of all countries gains and share of RE
waste sources. | and emissions | imports. expected to of the lowest- studied. India energy procurement, | 2040-100% 2040-100%
savings. rise. cost sources of | ranks13/30 savings and economic
energy globally. | onthe global relative to feasibility
Despite this, PPA index. electric depends on RE
current grid Third largest boilers.Can cost.
emission factor | generator of already result
is still very high. | solar energy in in substantial
2023. emissions and
energy cost
savings by
2030.
Future Large volumes | Nota Reliance on More Grid PPA market is Steam Not energy
Opportunities of agricultural | long-term imports results | expensive decarbonizing, | mostfavorable | generating cost
& Challenges waste biomass | decarboniza- in high price thancoalinall | butstillnotfast | of the countries | heat pumps competitive
available and | tion solution volatility. time horizons, | enoughtomeet | studied and stillneedtobe | in 2030, but
already being | assupplyis Ability to less emissions | textile industry RE can deliver piloted and canreduce
used by textile | limited. After switch to savings than demand and lower-cost proven forthe | emissionsin
manufactur- 2030, focus natural gas sustainable will have to be electricity textile industry. | the near term.
ers. on phase is dependent biomass. coupled with relative to Electric steam
outasas on local corporate RE the grid. boilers have
electrification | infrastructure. procurement Requires policy lower energy
becomes mechanisms. stability and costs by
widely imple- Grid improved grid 2035.By 2040,
mentable infrastructure connectivity to both types of
and biomass upgrades maintain this electric boilers
prices needed to trend. expected
increase. deal with to be fully
thisincrease competitive
in RE and with coal
electrification boilers.
of industry.
Recommen- Textile manufacturers should Due to substantially higher costs | The grid is Pursue Implement Explore
dation procure traceable and compared to coal, minimal decarbonizing, | corporate RE lower transition to
certifiable sustainable biomass | emissions reductions compared | but this will procurement temperature electric steam
sources. Monitor biomass price to other sources, and logistical not be the to support hot water boilers from
compared to corporate RE challenges for facilities to main source of | electrification, heat pumps 2035 and
procurement. Transition away access, do notrecommend as electricity for improve the from 2025; electric hot oil
from biomass once the assets an alternative fuel in India. facilities in the enabling pilot steam boilers from
retire, sustainable sources near future due | environment. generating 2040 onwards.
of biomass run out, or the to volume of RE heat pumps
economics of electrification needed, market so that by
with RE procurement becomes flexibility, and 2030 scaled
economically feasible. price. deployment
can occur.
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COUNTRY COMPARISON & SUMMARY: VIETNAM

Biomass Natural Gas Electrification
overview Biomass Impacts of Natural Gas Impacts of Grid Electricity | Availability Impacts of Impacts of Baseline Ambitious
Availability Biomass Availability Natural Gas of RE for Adopting Adopting Scenario Scenario
Steam/ Hot Oil Steam/Hot Procurement Steam- Electric RE RE
Boiler Adoption Oil Boiler Generating Steam/Hot Oil | Procurement | Procurement
Adoption Heat Pumps Boilers
Status 10% of national Biomass is 7% of national | Natural gas Vietham has a Direct PPAs were | Leads to CO;, emission 2030-50% 2030-100%
energy comes widely used as energy has a higher | 2050 net zero established in greater effi- reductions
from biomass an alternative supply cost than target, and will July 2024. ciency gains dependon 2035-75% 2035-100%
and waste fuel to coal, comes from coalandis likely transition and energy share of RE
sources, with delivering natural gas. expected to to aclean grid savings rela- procurement, | 2040-100% 2040-100%
government energy cost rise. earlier than tive to electric | and economic
plans to and emissions other studied boilers.Can feasibility
increase. savings. countries. already result | depends on RE
in substantial cost.
emissions and
energy cost
savings by
2030.
Future Availability of 2030 - Monitor Government | Substantially | Electricity New mecha- Steam Not energy
Opportunities sustainable provenance isincreasing | more demand nism means generating cost
& Challenges biomass (rice and commence | natural gas expensive growing rapidly. | regulatory heat pumps competitive
husks) is limited. | phase out due imports for than coal Government challenges for stillneedtobe | in2030 or
Biomass to higherrisk of | the power inalltime has reduced implementa- piloted and 2035, but
adoptionis well | unsustainable sector. horizons, less | solarincentives | tion.Ease of proven for the | both electric
under way for biomass than Increased emissions to mitigate grid | implementation | textile industry. | steam and
textile plants. other countries. | infrastruc- savings than | challenges. shouldincrease hot oil boilers
Textile mills will tureis limited | sustainable over time. can deliver
compete with 2035 - Phase to portareas. | biomass. emissions
otherindustries. | out biomass Natural gas is reductions. By
as electrifica- unlikely to be 2040, energy
tion becomes available to costs are
widely imple- textile manu- competitive
mentable. facturers. with coal
boilers,
2040- Com- especially for
plete phase out electric steam
of biomass. boilers.
Recommen- Less available sustainable Due to substantially higher Brands Brands Implement Explore
dation biomass than India and China due | costs compared to coal, and textile and textile lower transition to
to high existing utilization. Higher minimal emissions reductions | manufacturers | manufacturers | temperature electric steam
risk of sourcing unsustainable compared to other sources, should should explore hot water heat | and hot oil
biomass. Sourcing should and logistical challenges for encourage current pumps from boilers by
be carefully monitored and facilities to access. Do not continued grid feasibility of 2025 onwards; | 2040.
certifications required. Monitor recommend as an alternative | development DPPAs and pilot steam
availability of certified sustainable | fuelin Vietham. to enable continue to generating
biomass and transition to the planned collaborate to heat pumps
electrification when availability increase of RE. expand their so scaled
decreases and price increases. scope and deployment
May need to transition sooner accessibility. can occur by
than other geographies to avoid 2030.
increased emissions and other
environmental impacts through
unsustainable biomass.
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COUNTRY COMPARISON & SUMMARY: BANGLADESH

Biomass Electrification

Overview Biomass Impacts of Grid Electricity Availability of RE Impacts of Adopting Impacts of Adopting Baseline Ambitious
Availability Biomass Steam/ for Procurement Steam-Generating Electric Steam/Hot Oil | Scenario Scenario
Hot Oil Boiler Heat Pumps Boilers REProcurement | REProcurement
Adoption
Status Availability of The use of 92-98% of electricity | RE supplyislimited. | Leads to greater Reducing emissions 2030- 0% 2030- 30%
sustainable unsustainable is powered by There are some ad efficiency and through electric
biomassislowest | biomass would fossil fuels. The grid | hoc examples of energy savings boilers requires at 2035-30% 2035-50%
of countries resultin more already has major PPAs, but no formal | relative to electric least 50% share of
studied. emissions stability issues framework. boilers. Can already procured RE. This is 2040-50% 2040-100%
increase without an influx of result in substantial only achieved by 2040
relative to other RE or electrification. savings by 2030, in our Baseline Grid
countries due Significantly even with minimal RE Plus RE Procurement
to the lower less mature grid procurement. pathway.
emission factor structure than the
of natural gas, other countries
the currently studied.
used fuel.
Future Biomass avail- While biomass Increasing reliance | Discussions Significant emissions 2030- Emissions
Opportunities ability competes | prices increase on price-volatile are underway and cost savings and costs would
& Challenges with residential over time, so do fuelimports for to develop a over time, but the rise substantially for
use and growing | natural gas pric- | electric power Corporate Power technology needs electric steam and
demand for es. If sustainable | generation. Purchasing (CPP) to be piloted and hot oil boilers in 2030.
power genera- biomass can be Growing interestin | framework for demonstrated in
tion. Sustainable | secured, thisisa | energy storage and | RE.Our analysis Bangladesh. 2035 - RE becomes
biomass supply viable alterna- RE to increase grid assumes RE will be available and we
cannot meetthe | tive fuel froman capacity. widely available start to see emissions
textile industry's | emissions per- by 2035 based on decreasing but costs
demand. spective across current trajectories. remain slightly higher
the time horizons. This may change than natural gas for
with a CPP both technologies.
framework.
2040 - With RE widely
available both steam
and hot oil boilers see
emissions reductions.
Only steam boilers are
price competitive.
Recommen- Due to limited sustainable supply, Engage with Engage with Evaluate the potential | Electric steam
dation biomass will rarely be a viable policy makers policy makers for heat pumpsin boilers under current
alternative to natural gas. to support grid to support CPP the short-medium assumptions can
decarbonization implementation term. Despite the deliver emissions
and modernization. | and enable efficiency, there and cost savings
electrification. will be challenges from 2040. Electric
associated with grid hot oil boilers deliver
connectivity and emissions savings
reliability. This needs but remain more
to be assessed site- expensive evenin
by-site, and energy 2040. Policy advocacy
storage s likely tobe a | on corporate RE
core feature to enable | availability is key to
this technology. unlocking electric
boilers in Bangladesh.
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COUNTRY COMPARISON & SUMMARY: INDONESIA

Biomass Natural Gas Electrification
overview Biomass Impacts of Natural Gas Impacts of Grid Electricity | Availability Impacts of Impacts of Baseline Ambitious
Availability Biomass Availability Natural Gas of RE for Adopting Adopting Scenario Scenario
Steam/ Hot Steam/Hot Procurement Steam- Electric RE RE
Oil Boiler Oil Boiler Generating Steam/Hot Oil | Procurement | Procurement
Adoption Adoption Heat Pumps Boilers
Status As the world's Sustainable 14% of energy Natural The grid is PPAs are being Leads to CO;, emission 2030- 25% 2030-50%
largest biomass comes from gasis more heavily reliant signedinother | greater reductions
producer of reduces natural gas. expensive on coal. Less sectors, but efficiency depend on RE 2035- 50% 2035-75%
palm oil, palm | emissions but | Only 3% is thancoaland | than 3% of the the market is and energy procurement,
kernel husks offers limited imported. is expected country's RE nascent. savings and feasibility | 2040-75% 2040-100%
are readily cost savings toincreasein potential has relative to depends on RE
available. This | (compared price. been harnessed electric cost.
commodity, to other so far. boilers.Can
however, countries) due already result
has an to subsidized in substantial
extremely high | coal prices. savings
deforestation by 2030,
risk. even with
minimal RE
procurement.
Future This biomass Very high risk Domestic More The Just Energy | Corporate RE Energy 2030 -
Opportunities | source is of unsustain- productionis expensive Transition mechanisms cost parity Emissions and
& Challenges exported able biomass; | decliningand | thancoalinall | Partnership are emerging; with coal is energy costs
and target- provenance reliance on time horizons; | will leverage however, reachedin increase in the
ed for power must be care- | imported LNG less emissions | international scaling 2030, and Baseline RE
generation, fully moni- isincreasing, savings than support to challenges becomes Procurement
increasing tored. potentially sustainable develop persist. more pathway.
competition impacting biomass for transmission Limitations competitive
for supply. costs. steam boilers. | infrastructure on private after that. 2035-
Infrastructure for RE electricity Emissions Emissions
for distribution integration. suppliers reductions decrease,
is also less With plans and lack of beginin2030. | butenergy
mature, tobecome a regulatory costs remain
limiting access global battery frameworks uncompetitive
for industrial exporter by continue. - evenin 2040.
facilities. 2030, energy
storage should
be cheaper,
and grid and
manufacturers
will be able
to adopt this
technology.
Recommen- Due to deforestation risks, Adopting natural gas as an Engage with Engage with Explore heat Coal subsidies
dation biomass should be carefully alternative fuel is likely to be policy makers policy makers pumpsasa must be
evaluated to ensure certified logistically challenging and to support grid to broaden cost neutral removed to
sustainable sources are used. increase cost. This will not be a decarboniza- possibilities for but emissions | make electric
Only RSPO and other certified large scale solution. tion and mod- corporate RE saving boilers
husks should be procured; ernization. procurement. solution from economically
however, these are in limited 2030 onwards. | feasible.
supply and more expensive. Recommend
to engage
in policy
advocacy.
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7.1. Decision Tree For Textile Facilities Seeking To FIGURE 7.1: DECISION TREE FOR TEXTILE
. FACILITIES IN THE STUDIED COUNTRIES
Adopt Low-Carbon Thermal Energy Technologies SEEKING TO ADOPT LOW-CARBON

THERMAL ENERGY TECHNOLOGIES

Based on these considerations, we have developed a Start Here
simplified decision tree to help decision-makers at textile
facilities in the studied countries assess their best-fit Will corporate RE
low-carbon thermal heating option. TP procurementbe  |--ooooeenn .
feasible by 2030?

1. Facilities must first evaluate corporate RE procurement YES m
feasibility by 2030, as our analysis has shown that this is : :

a key enabler of electrification decarbonization. v v Will uninterrupted
sustainable

2. If RE procurement is available, facilities should assess Assess Will the local biomass supply be
electrification options. The choice between electric boilers and technoeconomic grid emissions available locally at a
heat pumps depends on the electricity-to-fuel price ratio and feasibility of oo . ;| factorbeabove |- R > competitive price?
access to upfront capital. Electric boilers may be competitive in electrification o 800 kg CO,/MWh : .
terms of energy costs with conventional boilers at an electricity- LB ]S m in 20302 ;
to-fuel price ratio of about 1.2 based on their efficiency gains, : YS
while heat pumps may require additional CAPEX support — even : SUTTTm A4
without significant energy savings. Electric boilers only deliver

. . . L . N v Can the

reductions if the grid emissions factor is below 450 kgCO,/MWh. sustainable

3. If corporate RE procurement is not feasible, heat pumps will the’ Der the Advocgte biomqs‘s source,

. A B ) ’ o ; Iocgl grld <. m facility <_'_ for policy < m e.g.agricultural
can still reduce emissions — even with a carbon-intensive emissions have support for waste, be fully
grid — due to their efficiency. factor be access to corporate RE verified?
above 450 significant procurement

4. If the current grid emissions factor is too high and heat pumps kg CO./MWh upfront :
are not financially feasible, the decision moves towards in2030? capital? A YES
sustainable biomass. Biomass adoption is contingent on : :

A4

an uninterrupted, competitively priced supply with verified : Lo YES .. . m _________
sustainability and the use of pollutant control technologies. L YES B ) : Will pollutant control
: : technologies for local

5. Facilities unable to meet these criteria should consider v air |c)>ollu.tcmts (PM, SO,
advocating for stronger RE procurement policies. , etc.) be installed on
9 9 P P Seek CAPEX support for ot biomass boilers?

==Y GENERATING
HEAT PUMPS

Applying this decision tree, heat pumps could deliver emissions heat pump adoption

reductions in all studied countries — even with the current grid ~
emissions factor, while electric boilers would not reduce emissions :
and would require additional RE procurement. This decision m
tree is a simplification: age and efficiency of existing boilers, Will the electricity- |......... E SUSTAINABLE
available space, maintenance capabilities, specific process heat to-fuel price ratio ELECTRIC BIOMASS BOILERS
requirements, and other facility-level considerations also influence be less than 1.2 —W BOILERS (re-evaluate when corporate
the choice of technology. While this decision tree is a high-level by 2030? RE procurement is feasible)
guide, decisions will require a detailed, facility-specific evaluation.
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7.2. Recommendations

Each low-carbon thermal energy option in this report holds the potential
for CO, emissions reductions but faces serious challenges. Unaddressed,
emissions and costs for textile manufacturing could increase in a
worst-case scendrio. To prevent this and ensure success, it’s critical

to understand each technology’s techno-economic potential and the
policies, regulations, programs, and incentives required to deliver their
success. The prior sections assessed the energy and policy landscape in
each country. Here, we present stakeholder recommendations for the next
15 years, applicable for low-carbon thermal energy transition in textile
plants across the studied countries. We divide the roadmap into the Plan &
Pilot Stage (2025 to 2030); Deployment Stage (2030-2035); and the Scale-
Up Stage (2035-2040).

2025 TO 2030 (Near Term — Plan & Pilot Stage)

Apparel Brands: Between 2025 and 2030, brands must lead funding to pilot
heat pump projects in textile plants, particularly in China and India where
RE is the most available RE. Brand support in the following areas is pivotal:
investing in the adoption of low-carbon technologies such as heat pumps;
working with textile manufacturers to reduce thermal load through best
practice energy efficiency, and piloting innovative technologies. Brands
can also promote renewable energy use by helping supply chain partners
adopt cleaner energy solutions and advocating for RE in key regions.
Apparel brands should also verify sustainable biomass sourcing.

India and Vietnam must be cautious in expanding the textile industry’s
biomass use, and Bangladesh and Indonesia face significant
environmental and social risks, respectively, for biomass adoption.
Brands and manufacturers must collaborate to assess their biomass
supply chains and conduct a risk assessment on supply over time. Policy
advocacy is essential to alleviate regulatory, market, and infrastructural
barriers to electrification.

Textile Manufacturers: To lay the foundation for electrification, textile
manufacturers should continue to improve energy efficiency and pilot
innovative thermal load reduction technologies. Brands should provide
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manufacturers with technical and financial support for pilot projects on low-
carbon technologies, focusing on heat pumps in China and India near-term
and in the longer term in the other countries. The role of textile manufacturers
willinclude implementing these technologies in their operations to

test feasibility and identify potential challenges. Manufacturers should
train their workforce to use and maintain new technologies, ensuring a
smoother scale-up transition in the following stages.

Manufacturers should collaborate with apparel brands and other stakeholders
to create long-term investment plans and secure brand commitment.

2030 TO 2035 (Deployment Stage)

Apparel Brands: From 2030 to 2035, apparel brands should prioritize
scaling successful pilots by promoting adoption within their supply chains.
They should encourage a broader set of suppliers to adopt low-carbon
technologies and continue to provide financial support for expansion
across regions. As sustainable biomass supply declines and supply
increases, brands should recommend phaseout.

Textile Manufacturers: Textile manufacturers must scale successful pilot
projects and integrate renewable energy procurement into their operations.
Manufacturers should also analyze data from pilots to justify further
electrification investment. Continued workforce development is essential as
technologies expand. Biomass phaseout should begin, with electrification
plans for boilers reaching end-of-life or supply and cost issues.

2035 TO 2040 (Scale-Up Stage)

Apparel Brands: By 2040, brands must integrate low-carbon thermal
technologies into their supply chains. They should collaborate with
manufacturers to share lessons learned and support technology scaling
across facilities. Ongoing technical, financial, and advocacy support will
ensure textile manufacturers fully transition to electrification paired with RE.

Textile Manufacturers: In this final stage, textile manufacturers must
complete the transition to 100% or near-100% RE-powered heating. The
transition is enabled by procuring only 100% RE from 2030 onwards and will
require optimized operations, maximum energy and emissions reductions
and engagement in utility programs such as demand response and time-
of-use pricing. Collaboration with other stakeholders will support the full
adoption of electrification technologies.
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