Strategies and concepts for LTDH and HTDC

Concepts
LTDH concepts

In the chapter Background and motivation, the concept of low-temperature district heating, as
discussed in this report, was defined as: District heating systems operating at temperatures at or
just above the limit set by domestic hot water temperature requirements. This deliberately floating
definition was used since the requirements and possibilities of lowering the temperature will
always depend on local context, local conditions etc. There is simply not one type of low-
temperature system. However, for the purpose of discussing how to plan for and adapt to a low-
temperature system, now or in the future, it is useful to more precisely define a number of
concepts for LTDH based on the supply temperature. Within the CELSIUS context, two

main LTDH concepts are discussed:

e Low-temperature, level 1: 55-60 °C
e Low-temperature, level 2: 50-55 °C

In addition to these, two further concepts above and below these levels are discussed:

e Transitional low-temperature: 60 °C, but raised temperature used at peak loads
e Ultra-low temperature: < 50 °C

The transitional low-temperature concept is added as an option that gives many of the benefits of
a real low-temperature system, but without extensive modifications in most buildings.
“Transitional” refers to the idea that it can be used as an intermediate step for existing systems
and/or existing buildings when striving to further reduce the temperature. Ultra-low temperature
systems have been mentioned previously and refer to systems that go below the level required
for safe DHW temperatures, typically by using complimentary heat sources for heating

the DHW up to safe temperatures (e.g. heat pumps). The four LTDH concepts and their
characteristic properties are summarised in Table 21. The exact temperature range for low-
temperature level 1 and 2 depend on the country’s legislation but the concepts described here
are based upon the characteristics of legionella. Strategies to achieve the concepts are outlined
in the following sections.

Table 21. Low-temperature DH concepts as defined in CELSIUS.

Supply Name Characteristics
temperature
60 °C, higher during  |transitional low- Can be achieved without extensive modifications in many
peaks temperature circumstances.
55-60 °C Ilow-temperature level Safe DHW can be achieved in existing systems.
Solutions for safe DHW needed.
50-55 °C low-temperature level |1.  Non-thermal solutions for legionella
2 2.  Complementary heat source for thermal control
of legionella
<50 °C ultra-low temperature |Complementary DHW heat source needed.

HTDC concepts

Compared to district heating, district cooling operates within a more narrowly defined temperature
range. The difference between a standard DH system operating at 90 °C and a low-

temperature DH system at 50 C is very large. A reasonable maximum DC supply temperature is
around 15 °C, which is still less than 10 °C higher than a typical system operating at 6 °C.



Furthermore, DC is a less standardized technology than DH. Thus, it is not relevant to define
several concepts for HTDC. The HTDC concept discussed in this context is therefore

e High-temperature district cooling: 10-15 °C
e “Standard” DC: < 10 °C.

Combined LTDH and HTDC concept

The “ultra-low temperature” concept defined above can be further developed into a special
system where the supplied water is used as a heat source/heat sink for heat pumps to produce
heat and cold. In this way, the system does not distribute the required heat/cold at the required
temperature, but rather heat that facilitates efficient operation of individual heat pumps. This
approach has been called “cold DH”

The main benefit of this approach is that waste heat at very low temperatures is often available in
abundance. Since heat pumps are used, either heat or cold can be produced. Thus, this
approach can be seen as LTDH and HTDC stretched so far that they meet in a combined system.
This approach is largely untested but can be an option in heat-sparse areas. A supply
temperature of 8 °C was investigated in one study, which showed that it could be economically
profitable for certain types of areas.

The energy company E.ON has investigated this option in Malmd, Sweden. The university in
Bergen, Norway, is supplied with a system at 15-25 °C (which is heat pumped from a lake). When
there is a heat demand, local heat pumps raise the temperature, and when there is a cold
demand, heat exchangers are used. In Duindorp (Holland) seawater is used to heat 750
dwellings. In summer (when the temperature of the seawater is above 11 °C), the heat from the
seawater is transmitted to the DH system though a heat exchanger. Thereafter, individual heat
pumps raise the DHW to 65 °C and SH to 45 °C. In winter, when the seawater is below 4 °C, a
central heat pump heats the DH water to 11 °C which is then distributed to the dwellings. Similar
ideas have been studied for the UK

Since very cheap distribution technologies can be used for this kind of system, for example
uninsulated plastic pipes, the capital costs are reduced. However, an overall analysis of the
optimal solution must include the primary energy of the heat pumps, the increased costs for heat
pumps, etc.

System optimization

In optimizing the design of a specific LTDH/HTDC network, local conditions such as available
heat sources, possible large scale heat/cold storage, demand profiles, types of buildings, existing
network, etc. need to be taken into account. These conditions, together with the

different LTDH and HTDC concepts, can give rise to an optimized system that has different kinds
of solutions/concepts for different parts of the network. Cascade solution An example of a system
which involves different kinds of concepts is the cascade system. Such a system is comprised of
a high energy area, typically the dense, central parts of a city with many old buildings and with an
old DC/DH network, and low energy areas, typically the less dense suburban areas with new
houses and a new DC/DH network, see Figure 1. A medium-high temperature solution, such as
the transitional low-temperature one, may be suitable for the high energy area, while low or ultra-
low solutions are adopted for the low energy areas by using the return flow from the high energy
area as primary flow for the low energy areas. The return flows from the low energy areas can
then be used as HTDC for the high energy areas. The distribution temperature is thus “cascaded”
down from the high energy parts to the low energy parts of a city. The systems can be
hydraulically connected through heat exchangers (subnets) or through a shunt solution.
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Figure 1 Cascade system where a high-energy area and a low-energy area where the temperature levels are cascaded between
the district heating and cooling systems.

In the case of district cooling one can similarly envisage the possibility of connecting high-energy
areas to low-energy areas, where the return flow from the high-energy area, which is typically
around 12-15 °C, is used as the supply flow for the HTDC in the low-energy area.

Distributed production and control Lower distribution temperatures increase the possibility of
using alternative heat sources such as waste heat from industries, shopping malls, data centers,
etc. or from renewable sources such as geothermal or solar panels. This implies that the heat
production becomes more distributed than for a system with only traditional heat plant or CHPs.
The benefits of this distributed production are e.g. that the total amount of heat needed from the
central heat plants is decreased, the interplay between the energy company and the consumers
(now prosumers) give rise to new business models that increase the competitiveness of

the DH/DC sector, and the possibility to supply heat to a given demand without altering the
central heat production. A DH/DC system that has subparts that can act independently to some
extent also gives a more robust and resilient system. A network with distributed production needs,
on the other hand, a distributed control system that is able to optimize the overall system and the
different subparts in real time. A network with distributed production and control is sometimes
referred to a smart heat/cold grid.

Strategies for LTDH and HTDC

Planning for LTDH and HTDC is different from planning for traditional DH and DC. Traditional
systems often focus on the supply side first, operating the system to supply the temperature and
pressure demand of existing customers. In LTDH, the opposite approach is used: the planning
should start from demand-side energy demands, thermal comfort and possible energy (Toward
4th generation district heating: Experience and potential of low- temperature district heating. In
Proceedings from the 14th International Symposium on District Heating and Cooling. In the next
step, the network design is optimized to be energy efficient and cost effective. In the last step, the
supply-side is optimized to produce the required heat at the right temperature in an
environmentally friendly way. The difference in planning approaches is illustrated in Figure 2.
The LTDH/HTDC approach implies a shift in the view of DH/DC business model, where district
heating companies traditionally have benefitted from selling a lot of heat instead of optimizing the
whole system, including the demand side. The LTDH and HTDC, on the other hand, focus on
supplying the required heat as efficiently as possible.
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Figure 2 Basic planning principles of traditional DH/DC and LTDH/HTDC. Partly adopted from (Li et al., 2014)

When investigating and planning the temperature levels for a specific network, the actual
possibilities and limitations of the demand-, distribution- and supply-side need to be considered.
This process involves:

1. Mapping the current minimum temperature requirement and the possibilities of
decreasing that requirement.

2. Mapping the temperature limitations of the existing network and the potential to refurbish
the existing network and build new networks.

3. Mapping the increased efficiency of the current heat sources and the potential to add new
sources to the network.

Demand-side strategies

The mapping of the demand-side limitations and possibilities for the different temperature levels
involves finding:

1. The current temperature demands. This includes heat demands from buildings and other
customers such as industries and studying the possibility of decreasing the temperature
with minimal extra measures.

2. The potential to decrease the temperature demand. This includes possible refurbishment
of buildings and changing the demand-side technologies for SH and DHW.

3. Optimization of peak demand. This includes the possible decrease in the peak power
for SH and DHW.

The choice and dimensioning of the demand-side technologies for the different LTDH concepts
depends on the specific heating demands of the specific building in a given geographical location.
Conventional and low energy building and dimensioning standards also vary between countries.
Table 22 shows only the general characteristics of the demand-side technologies for the different
concepts. More specifically, Table 22 lists the SH and DHW technologies and strategies that can
be used in conjunction with the LTDH concepts defined above. As discussed in more detail in the
chapter Demand-side technologies and LTDH/HTDC, underfloor heating and forced-air heating
are in general well suited for low-temperature supply. For buildings with radiators, however,
different measures need to be taken when the supply temperature is lowered below the 60 °C
(which is designed to satisfy SH demand in most buildings with conventional building standards
and dimensioning of SH technologies). The level 1 concept will likely require either that the
buildings follow low energy standards or that radiators are dimensioned for low temperatures
(bigger ones). The level 2 approach will likely require both that low energy building standards and
dimensioning of SH technologies. Ultra-low temperature is even more demanding, and the
buildings need to be even more energy efficient and the dimensioning of SH properly performed.
For the ultra-low temperature, one may need to use a complementary heat source for SH. This
can be an option for buildings which are difficult to adapt to low temperature district heating.
Similar to SH, the transitional concept could be accomplished by conventional DHW technologies.
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For the level 1 concept, the heat exchangers need to be designed for low-temperature systems.
To have hot water circulation, the distribution temperature needs to be about 60 °C, otherwise flat
substations could be used. For the level 2 concept, special treatment of legionella has to be in
place, either by non-thermal methods such as disinfection methods or by using the low volume
approach, see section Legionella in DHW, or have a complementary heat source for thermal
disinfection. For the ultra-low concept special treatment of legionella and a complementary heat
source for the DHW such as a booster heat pump are needed, see chapter Demand-side
technologies and LTDH/HTDC. The stored DHW needs to be about 60 °C in order to control the
risk of legionella. That means that for low distribution temperatures, an additional heat source is
needed to achieve the required temperature level in the storage tank, which makes storage

of DHW not very suitable for LTDH. Storing DH water is useful in order to decrease the demand-
side peak power, see section Reduction of peak loads, and should therefore be considered for
the different LTDH concepts.

Table 22. General characteristics of demand-side technologies for the different LTDH concepts.
Concept SH DHW

Transitional low-  |» Conventional building
temperature (60 °C, |standards for most buildings.
higher during + Conventional dimensioning
peaks) of SH technologies.

« Conventional DHW technologies can be used.

* Conventional building
standards and dimensioning

of SH technologies for low
temperatures.

* Low energy building standard
and conventional dimensioning
of SH technologies.

* Heat exchangers designed for low temperatures.
* For multi-family houses with hot water
circulation, the upper temperature range is needed
to maintain 55 °C in the hot water circulation.

* Flat substations can be used instead of hot water
circulation.

Low-temperature
level 1 (55-60 °C)

» Low energy building standard |* Solutions for safe DHW needed.

Low-temperature  |and dimensioning 1. Non-thermal solutions for legionella
level 2 (50-55 °C) |of SH technologies for low 2. Complementary heat source for thermal
temperatures. control of legionella

* Low energy building standard

and dimensioning » Complementary DHW heat source needed.

Ultra-low ; * Solutions for safe DHW needed.

of SH technologies for low . .
temperature (<50 temperatures 1. Non-thermal solutions for legionella
°C) P ‘ 2.  Complementary heat source for thermal

* Possibly complementary heat

control of legionella
source for SH. 9
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CELSIUS partners contributing to this article: RISE Research Institutes of Sweden

For further engagement on this subject you are welcome to turn to your CELSIUS city contact
person or use the contact form for guidance to relevant workshops, site visits or the expert team.



