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The Hub-Only Pipeline Topology (HOPT):
India’s Public Good Architecture for Carbon
Management

1. Understanding HOPT - An India-Born Carbon
Infrastructure Model

The Hub-Only Pipeline Topology (HOPT) is an India-specific carbon management
architecture designed to overcome the structural and geographical challenges that make
conventional CCUS (Carbon Capture, Utilization, and Storage) infeasible in the country.

In traditional CCUS systems, pressurized gaseous CO: is captured at each emitter (e.g.,
power plant, steel mill, Cement and refinery) and transported via extensive pipeline networks
to remote storage sites or utilization hubs. This “point-to-sink” model works in regions like
the U.S. or Europe, where industrial emitters are large, concentrated, and located near
geological basins.

But in India, this model collapses under five hard realities:

e Over 4,000 dispersed emitters, each too small for individual pipelines.

e No national CO: pipeline backbone and severe right-of-way barriers in populated
areas.

e High SO: levels (300-500 ppm) in flue gas that make imported amine-based systems
inoperable.

o Land and population constraints that make pipeline corridors politically and
socially difficult.

o Dependence on imported capture materials that undermine self-reliance and
affordability.

HOPT solves this problem through a hub-centric, solid-looping architecture that moves solid
carbon instead of gaseous CO:x.

How It Works

1. Capture at Emitters — Each industrial plant captures CO: directly from flue gas
using a solid-looping process (e.g., calcium or alkali sorbents) that converts gaseous
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CO: into stable solid carbonates such as CaCOs. This process requires no
compression, no deep FGD, and no pipeline at the emitter.

2. Transport of Solids — The captured carbon (as solids) is transported through existing
logistics — trucks, rail, or conveyors — to nearby regional regeneration hubs.
Each hub serves 20-30 emitters within a 150 km radius.

3. Regeneration at Hubs — At the hub, solids are thermally regenerated, releasing pure
CO: gas for compression, utilization, or storage. The regenerated sorbent is returned
to emitters, completing a closed solid-loop.

4. Hub-to-Hub Pipeline Network — As only the hubs generate gaseous CO, in this
framework CO2 transportation pipelines shall connect only the Hubs. Therefore, only
the hubs are connected by short, high-capacity pipelines that transfer gaseous CO2
between them. This reduces national pipeline length by more than 60% and eliminates
96% of compression stations.

The outcome is a nationwide carbon-capture system that is modular, decentralized, and
logistically integrated — achieving the same emission-management goals as Western CCUS
models but at one-quarter the cost and without land-acquisition challenges.

Why HOPT is a National Public Good Project

HOPT transcends the category of a private industrial technology. It represents a national
infrastructure framework that delivers collective economic, environmental, and social
benefits — the hallmarks of a public good.

2.1. Infrastructure Integration for National Unity
Like the railways or digital payment networks of earlier eras, HOPT connects disparate

industries into a unified carbon network.

By linking over 4,000 emitters through 150 regional carbon hubs, it transforms isolated
emission points into a coordinated national decarbonization grid.

This shared infrastructure allows every emitter — large or small — to participate in carbon
capture without owning expensive compression or pipeline assets.
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Public-good character: It creates a national carbon logistics backbone that any participant can
access, much like public transport or telecom infrastructure. The benefits extend to society,
not just to those who pay for it.

2.2. Economic Efficiency and Shared Prosperity

HOPT’s design reduces redundant capital expenditure and operational costs across the entire
industrial ecosystem:

e 60% reduction in CO: pipeline length (from ~30,000 km to <12,000 km).
e 96% reduction in compression stations (from 4,000 to 150).
e Y 12-15 lakh crore in national lifecycle savings.

These savings do not accrue to one entity; they accrue to the nation — freeing up capital for
other green investments, reducing energy penalties, and improving overall industrial
competitiveness.

Public-good character: The infrastructure minimizes duplication of private assets and
optimizes national resource use — akin to public highways or power grids.

2.3. Employment and Skill Development
The rollout of 150 regeneration hubs and thousands of capture units will create:

e 2.5-3 million direct jobs (manufacturing, construction, operations).

e 68 million indirect jobs (logistics, R&D, carbon-credit services).

e A new class of green-skilled professionals — carbon technicians, sorbent chemists,
logistics coordinators, and MRV analysts.

This multi-generational employment footprint turns carbon management into an engine of
inclusive growth, contributing to India’s green industrialization and workforce development.

Public-good character: Like national electrification or digital infrastructure, HOPT expands
opportunity across sectors and regions.

2.4. Environmental and Health Co-Benefits

HOPT’s companion technologies (under the Generation IV Carbon Capture — Gen4CC
framework) are designed to handle India’s SO:-rich flue gases.

The first such system, HySORB™, captures both CO: and SO: simultaneously, converting
existing flue-gas desulphurization units into dual-purpose carbon assets.
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As a result:

o Nationwide SO: emissions could fall by >70%, improving air quality.
e Reduced acid rain and particulate formation protect soil and water systems.
e C(leaner industrial zones and reduced respiratory illnesses improve public health.

Public-good character: The air-quality improvements and reduced healthcare burden
benefit all citizens, not just participating industries.

2.5. Self-Reliance and Domestic Innovation

HOPT is a fully indigenous framework, designed for India’s emission realities and
manufacturable using domestic materials and expertise.

All major components — capture reactors, calcination systems, sorbents, MRV devices, and
logistics management tools — can be built locally.

This aligns with Atmanirbhar Bharat and Make in India, ensuring that India’s carbon
transition strengthens its manufacturing base rather than deepening import dependence.

Public-good character: The framework reinforces national technological sovereignty and
creates an exportable model for other Global South nations.

2.6. Open and Inclusive Participation

HOPT democratizes decarbonization.
Because capture happens at the emitter and regeneration occurs at shared hubs, even small
and medium industries can join the national CCUS network without massive capital costs.

It establishes a “carbon democracy” — where access to carbon management is open,
standardized, and affordable, rather than restricted to large corporations.

Public-good character: The system promotes inclusivity and equity, ensuring no industrial
segment is left behind in the net-zero transition.

2.7. Alignment with National Missions and Global Climate Goals
HOPT directly supports:

e Mission LiFE — by promoting resource circularity and waste minimization.
o National CCUS Mission (MoEFCC) — by providing a scalable, land-efficient
deployment pathway.
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o National Hydrogen Mission — by supplying pure CO: for green methanol and urea
synthesis.
e Net Zero 2070 — by establishing the physical backbone for carbon management.

Globally, HOPT represents a replicable CCUS model for the Global South — addressing
common barriers like high SO. emissions, dispersed industries, and limited infrastructure.

Public-good character: It contributes to India’s climate leadership and strengthens its
diplomatic standing as a provider of open, sustainable technology frameworks.

3. Conclusion

The Hub-Only Pipeline Topology (HOPT) is more than a technological innovation — it is
an infrastructure philosophy that treats carbon management as a shared national
responsibility and opportunity.

By combining solid-looping capture chemistry, hub-centric logistics, and indigenous design
logic, HOPT:

e Creates economic efficiency at scale,

o Improves public health and air quality,

e Generates employment and industrial capability, and
o Builds national self-reliance in climate technology.

It is, in every sense, a public good project — built for the people, by Indian innovation, and
for the planet.

In the same way that railways, power grids, and digital platforms served earlier generations,
HOPT can serve as the climate infrastructure of the 21st century — enabling India’s just
and self-reliant transition to Net Zero.
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