The Heat Vault:
Securing
Hungary'’s
Energy
Sovereignty

A quantitative roadmap to displacing
Imported natural gas through
iIndustrial waste heat recovery.




The Ultimate Vulnerability: Thermal Import Dependency

In 2023, heating buildings constituted the single largest point of fossil fuel dependency in
the Hungarian economy.
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R Residential Sector

~ 46.7% of final energy
- consumed is natural gas

s 37.2 TWh

Driven by deep incumbency of individual
gas boilers.

.~ Services Sector

2 45.4% of energy consumed
- is natural gas

11.0 TWh

Directly exposing commercial
infrastructure to price volatility.
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The Bottleneck of National Fragility
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The 2015 baseline established a structural reliance on natural gas for space
heating that persists directly into today’s 2023 consumption metrics.




The Eroding Alternative

Despite being the optimal infrastructure for decarbonisation, Hungary's District
Heating (DH) network is rapidly losing ground to individual gas boilers.
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Intense competition from subsidised natural gas and rigid price regulations have stifled
modernisation, driving consumers toward individual, building-level fossil fuel systems.



The Invisible National Reserve

Hungarian industry vents between 12 to 18 TWh of recoverable
thermal energy into the atmosphere every single year.
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Recoverable Potential

12.0 - 18.0 TWh

(Annual Waste Heat Output)

Industrial Input

99.7 TWh

(2023 Total Final Energy Consumption)

Thermodynamic Process
20% - 30% typical energy loss




A Perfect Mathematical Fit

The untapped industrial waste heat reserve is large enough to cover up to one-quarter of
the entire heating demand of the nation’s residential and service sectors combined.

Total National Heating Demand
(~73 TWh)

Total Estimated
. Technical Potential

| (>12.0-18.0 TWh)

This is not a marginal efficiency gain. It is a strategic substitution
capable of fundamentally altering Hungary’s import requirements.



Hiding in Plain Sight: The Urban Reserve

Massive thermal assets are already
co-located with high-density demand S pocess Heat Facliy
centers, requiring minimal geographical =
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transmission. ~=4 7 .\

Budapest Region:
> 2.4 TWh (8.8 PJ)

> of theoretical output exists
”M within just 10 kilometers of
~ the city centre, primed for
integration into existing
municipal DH networks.

10-kilometer radius




The Market Failure:
Why the Heat Escapes

The primary barriers to harnessing this resource
are economic and regulatory, not technological.

Regulated Heat Market
Regulated Heat Market

(Competition from artificially
lower-priced natural gas)

High Upfront Capex

(Heat exchangers,
large-scale heat pumps,
transmission pipelines)
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Without a level regulatory playing field, the sheer capital expenditure required for recovery
infrastructure cannot compete with the artificially suppressed cost of incumbent natural gas boilers.




The 4GDH Architecture: From Waste to Warmth

4th Generation District Heating (4GDH) provides the necessary low-temperature
'Heat Backbone' to capture and distribute low-grade industrial thermal energy.

Transmission:
The Heat Backbone (4GDH)
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The 2035 Integration Blueprint

By targeting the lower end of the total estimated potential,

Hungary can systematically engineer a secure thermal
future over the next decade.

Target integration of
industrial waste heat into
modernized DH network.

I
2023 Baseline 2035 Integration Goal

This 10 TWh target directly displaces an equivalent amount of energy currently generated
through the combustion of natural gas in both DH plants and individual boilers.




The Displacement Matrix: 2023 vs. 2035

Injecting 10 TWh of waste heat precisely zeroes out an equivalent
- volume of natural gas demand in the building sector.

Thermal Supply Source 202(3T?Aa;ls;)eline |n%2:;§):€§:2::rtio imff

Waste Heat (in DH) Minimal 10.0 +10.0

Natural Gas (Buildings) 48.2 38.2 “ P~
Other Sources (Buildings) 55.9 55.9 0.0 B
Total Demand 104.1 104.1 0.0
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The Sovereignty Dividend

The 2035 integration scenario physically removes the need to import nearly
1 billion cubic meters of natural gas annually.

-1.000 000 000 m?

Displacing 10 TWh of gas-fired heat enhances national energy security,
radically insulates the economy from international price volatility, and
directly executes NECP climate mandates.



The Strategic Playbook: Market Mechanics

Capital must be de-risked, and regulations must be leveled to unlock

private investment.

Scale the Green Distric
Heating Programme

Expand state funding to de-risk the massive
upfront capital costs of recovery projects,
providing the long-term revenue certainty
needed to catalyze private capital.

‘\ “

Reform Heat Market
Regulation

Overhaul price regulations to allow cost
recovery on decarbonisation investments,
ending the systemic advantage of
iIndividual fossil gas boilers.



The Strategic Playbook: Physical Integration

Heat cannot be transported across countries; sources and demand must be
engineered to exist side-by-side.

Mandate Spatial » Build the Heat () '
Planning Backbone
Enact legal frameworks for integrated energy Designate transmission pipelines connecting
mapping. Systematically co-locate new industrial clusters to urban DH networks as
industrial facilities and data centers directly paramount national infrastructure priorities,

adjacent to existing or planned thermal grids. mandated to 4GDH standards.




From Waste to Strategic Asset

Industrial waste heat is the cornerstone of a secure, competitive,
and decarbonized Hungary.

Hungary's 18 TWh of unexploited thermal energy is not a mere byproduct—it is a strategic national reserve.
Harnessing it through modern district heating is the single most effective lever to break the dependency on
imported gas, meet 2030 climate goals, and secure Hungary's sovereign energy future.
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