Denmark’s
Decarbonised Heat

A Global Blueprint for District
Energy and Sector Integration

A QUANTITATIVE ANALYSIS OF SYSTEMIC OPTIMISATION & SECTOR COUPLING



The Post-Fossil
Imperative

Denmark'’s challenge is no longer
about abandoning individual fossil fuel
boilers. It is about the advanced
optimisation of a globally unparalleled,
heavily decarbonised thermal
network.

The strategic focus has shifted from
primary generation to systemic flexibility,
low-grade heat integration, and deep
sector coupling.




The Danish Advantage

>66%  >75%  30800km

of all Danish households are of all District Heating is of network trench length,
supplied by District Heating produced from renewable enabling vast collective thermal
networks. sources (biomass, waste-to- distribution.

energy, solar thermal).

Takeaway: Collective infrastructure scales decarbonisation significantly faster than individual building-level solutions.



The European
Policy Mandate

The 2023 Recast Energy Efficiency
Directive (EED) legally mandates that all EU
Member States implement comprehensive
local heating and cooling plans for larger
municipalities by September 2025.

Key Insight: A 2024 EU-wide
assessment revealed that Denmark is
one of only three Member States fully
compliant and prepared for this
mandate. Danish heat planning—deeply
integrated with spatial and climate
objectives—is now the legally

required blueprint for Europe.




Mapping the Thermal Arteries

1. The Primary Vector: District

Heat pumps
el Heating acts as a massive 101.94 PJ
central artery for national energy
; _ distribution.
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2. The Thermal Sink: The residential sector
is the ultimate destination, consuming

o : . et : 155.01 PJ of space and water heating.
Takeaway: To optimise Danish energy, one must optimise the district heating P J

network. It is the inescapable core of the national system.



Unlocking - - -y,
Industrial LN
Waste Heat

Across various industrial
sectors, between 20% and
50% of total energy input
Is ultimately lost as waste
heat. Capturing this
byproduct and injecting it
into the existing thermal
grid represents a critical
frontier in system
optimisation.
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The Heat Grade Diagnostic

Heat Grade

Temperature Level

,M’ |

Potential Available
(PJ/a)

DHC Suitability

>95°C

1.8 PJ/a

High Suitability: Direct
injection into existing
networks.

Medium

S9=8 SHE

2.4 PJ/a

Medium Suitability:
Suitable for modern and
low-temp DHC.

Low

<95°C

41 PJ/a
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Future Suitability:
Requires integration via
large-scale heat pumps.




The Reality Check: Supply vs. National Demand

Scale Distortion
101.94 PJ - Total District Heating Consumption

1.8 PJ - Total
High-Grade
IWH Potential

Insight: High-grade industrial waste heat can satisfy exactly 1.8% of Denmark’s total thermal demand. It is a
highly valuable, incremental optimisation resource, not a foundational pillar for building a new system.




The Network as an Integration Vector

The true power of the Danish system is the physical existence of the network itself,
which acts as a universal aggregator for diverse, unconventional heat sources.

Proof Point: The Meta data
centre in Odense

s =
E . = 3 successfully captures low-

grade surplus server heat,
e =]—  upgrading and injecting it

. Into the local network to
continuously supply
approximately 7,000
households.

The Vector




The Next Frontier: Three Strategic Pillars

Pillar 2: Deep Sector Coupling
(Thermal-Electric Integration)

Pillar 3: Open Thermal Markets
(Regulatory Refinement)

Transforming a static heating grid into a dynamic, zero-carbon energy exchange.



Pillar 1: 4th & 5th Generation Networks

3rd Generation 4th/5th Generation

Data Centres

Wastewater

The Shift: Transitioning from traditional 3rd-generation systems to operating temperatures of 50-60°C (4G) or ambient loops (5G).

The Impact: 1. Drastically reduces systemic heat losses. 2. Unlocks the economic viability of low-grade heat sources
(<100°C) and large-scale geothermal/solar thermal installations.



Pillar 2: Deep Sector Coupling

Conversion Node The Thermal Battery

The Mechanism: The physical volume of water in The Benefit: During periods of high wind generation
Denmark’s expansive district heating network actsas  and low power prices, large-scale electric boilers and
a massive, cost-effective thermal battery. heat pumps absorb surplus variable wind power,

converting and storing it as heat. This balances the
electricity grid and eliminates renewable curtailment.



Pillar 3: A Unified
Market for Surplus
Heat

The Strategy: Eliminate regulatory
barriers—such as the recently removed tax
on surplus heat—to create transparent,
clear economic signals.
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The Goal: Establish a true ‘open platform’
with standardised connection agreements.
This incentivises any entity, from heavy
refineries to local supermarkets, to
monetise their waste heat by becoming
micro-producers for the national grid.




The Trinity of Advanced District Energy

Lower Temperatures:
Operating at 55°C
makes heat pumps
highly efficient...

Sector Coupling:
...Highly efficient
heat pumps

make absorbing
surplus wind power
economically viable...

Open Markets:

...A viable market
incentivises new actors
to supply low-grade heat
back into the lower-
temperature grid.

Takeaway: These are not isolated policies; they are a
singular, interlocking physics and economic framework.




The Global Outiook

The Danish experience proves that the heating sector can
be transformed from a rigid, carbon-intensive liability into
a flexible, integrated asset.

Conclusion: Strategic investment in collective thermal
infrastructure is the most effective and lowest-cost

pathway to a secure, flexible, and fully decarbonised
hational energy system.
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