Unit 1 Low-temperature district heating and cooling principles (4GDH/5GDHC)
The transition to 4th Generation District Heating (4GDH) and 5th Generation District Heating and Cooling (5GDHC) represents a shift from high-temperature fossil-based systems to low-temperature, decentralized, and flexible networks.
Below are case studies from Denmark, Sweden, and Germany highlighting the technical transitions, building-level implications, and user comfort.

1. Denmark: Albertslund (Transition to 4GDH)
Albertslund, a suburb of Copenhagen, is one of the most prominent examples of a large-scale transition from 2nd/3rd generation (high temperature) to 4th generation (low temperature).
· The Transition: The network originally operated at 110°C. It was first lowered to 90°C and is currently transitioning to 55°C (4GDH).
· Building Implications: To accommodate lower temperatures, the municipality implemented a renovation program. While new apartments easily adapted, older, poorly insulated buildings required upgrades to ensure comfort.
· Technical Solution: They used submerged shunt stations (Grundfos iGRID) to create "low-temperature zones" within the existing high-temperature network.
· User Comfort: Initial trials in 100 villas from the 1960s showed that even on the coldest days, only 5% of houses experienced comfort issues, most of which were solved by simple valve adjustments or better cooling utilization rather than major renovations.
· Case Study Link: Municipality in transition to low temperature district heating - State of Green


2. Sweden: Lund - Brunnshög (World’s Largest 4GDH Network)
Lund has implemented a massive low-temperature network specifically to utilize low-grade waste heat from the MAX IV laboratory and the ESS research facility.
· The Transition: Unlike traditional Swedish DH networks that operate at 80–120°C, the Brunnshög area uses a 65°C supply. This is a "living lab" for transitioning the rest of the city's older grid.
· Building Implications: Buildings in this district are designed as "smart" consumers. The use of sub-stations with low-temperature heat exchangers was critical. For older buildings being integrated, the focus is on reducing return temperatures (Delta T) to maintain efficiency.
· User Comfort: Comfort is maintained via floor heating systems and specialized radiators that operate efficiently at lower temperatures. The system also integrates "peak shaving" to ensure stability during extreme cold.
· Case Study Link: Low-carbon district heating in Sweden – Lund University (General transition context) and Brunnshög 4GDH Project details

3. Germany: Dorsten-Wulfen & Schleswig (5GDHC / Anergy Networks)
Germany has been a pioneer in 5GDHC, often called "Anergy" networks, which operate at near-ambient temperatures (5°C to 25°C).
· The Transition: The transition here is often from "no network" or "high-gas reliance" to 5GDHC. In Schleswig, the "Wikingeck" project transitioned a contaminated site into a 5G network using cold district heating.
· Building Implications: In 5GDHC, the "grid" acts as a heat source for decentralized heat pumps located in each building. This means every building must have its own heat pump to "boost" the ambient water to a usable level for space heating and domestic hot water.
· User Comfort: Since each building has its own heat pump, users have high control over their indoor climate. It also allows for "free cooling" in the summer, where the network absorbs heat from the building, significantly increasing comfort during heatwaves.
· Case Study Link: 5GDHC networks entering the heating and cooling market - ResearchGate

Comparison of Implications
	Feature
	4th Generation (4GDH)
	5th Generation (5GDHC)

	Typical Temp
	50°C – 65°C
	5°C – 25°C (Ambient)

	Building Hardware
	Heat exchangers, low-temp radiators
	Decentralized Heat Pumps (per building)

	Primary Challenge
	Building insulation & radiator sizing
	High electrical load for HPs

	Cooling
	Possible (separate or absorption)
	Inherent (network acts as a sink)

	User Comfort
	Dependent on building envelope
	High (Active heating/cooling control)



Expanding the scope to Norway and the Netherlands provides a look at two different extremes: the conversion of electricity-heavy systems to thermal networks and the use of abandoned industrial infrastructure for 5th generation systems.

3. Norway: Sutterøya, Stjørdal (Electrification to 4GDH)
Norway is unique because it historically relied on direct electric heating. The transition in Stjørdal represents a strategic shift to free up the power grid.
· The Transition: Led by Lunera Energi (formerly Statkraft Varme), this project involves converting 23 large buildings to a 4th generation district heating network. The goal is to move the heating load from the electric grid to a hydronic thermal network.
· Building Implications: Since many Norwegian buildings used electric baseboard heaters, the transition requires a full retrofit to hydronic (water-based) systems. This includes installing internal piping, radiators, or floor heating where none existed.
· User Comfort: The transition provides more stable indoor temperatures compared to "on/off" electric heaters. By using low-temperature water (55°C  to 60°C ), the system maintains a high Seasonal Performance Factor (SPF) for the central heat pumps while ensuring a silent, dust-free heating environment for occupants.
· Case Study Link: Why shift from electricity to district heating? - SINTEF

4. Netherlands: Mijnwater Heerlen (The 5GDHC Pioneer)
The "Mijnwater" project in Heerlen is the gold standard for 5th Generation District Heating and Cooling (5GDHC), utilizing flooded coal mines as a thermal reservoir.
· The Transition: The system evolved from a 4th generation "source-to-user" model into a bi-directional 5th generation "grid." Instead of just sending heat, the grid now allows buildings to exchange energy with each other. For example, a data center's waste heat is used to heat nearby apartments.
· Building Implications: Each building is equipped with a decentralized heat pump. The grid acts as an "energy buffer" at ambient temperatures (approx. 16°C  to 28°C. Buildings "borrow" or "deposit" heat as needed. This requires smart substations that can handle bi-directional flow.
· User Comfort: This system is highly praised for its active cooling capabilities. During summer, the "cool" water from the mines is circulated through the buildings to provide low-cost, energy-efficient cooling, significantly increasing user comfort during heatwaves without the noise of traditional A/C units.
· Case Study Link: Heerlen District Heating Network - HeatNet NWE

Summary of Building-Level Requirements
	Country
	Focus
	Key Building Change

	Norway
	Grid relief
	Install hydronic piping in electric-only buildings.

	Netherlands
	Circularity
	Install decentralized heat pumps and bi-directional meters.

	Denmark
	Low-Temp
	Upgrade to oversized radiators or floor heating.

	Germany
	Anergy
	Integration of 5G "booster" units for domestic hot water.



These transitions show that while 4GDH focuses on efficiency via lower temperatures, 5GDHC focuses on flexibility via decentralized heat pumps, both of which require buildings to become "active participants" in the energy grid rather than passive consumers.


