Project Topic 1.
Importance of correctly performing
heating systems in buildings

Svend Svendsen,

Dorte @stergaard, Theofanis Benakopoulos
Department of Civil Engineering
Technical University of Denmark

ss@byg.dtu.dk



4G: 4th GENERATION lIl

N 1G: STEAM 2G:INSITU 3G: PREFABRICATED
Steam system, stearn pipes Pressurised hot-water system Pre-insulated pipes Low enetgy demands v
in concrete ducts Heavy equipment Industrizksed compact Smart energy (optimum
[ Large "build on site” stations substations (akso with insulation) interaction of energy
2 <200°C Metering and monitoring sources, distribution
i DH flow and consumption)
2-way DH
£ 4DH
> www.4dh.dk
5
L] L] %
district
s 50-60 °C (70°C)
(ULTDH <50 *Q)
L]
heating:
g ¢ Energy
efficiency Future
energy
Seasonal 77 ¥ source
heat storage
Large scale solar — IL Bomass
Renewable e R O
EL' X * O 2anay ?
= jomass s =
B . by District 2
e CHP Biomass . m (_ﬂ Heating o
I l e rgy £ Geothermal . G
B eg. supermarket 3
PV, Wave
Wind surplus CHP
Industry surplus Electricity > biomass
Cold
Centralised storage
aistrict
Heat Heat Heat cooling plant
O W storage storage storage
CHP waste
Stearn . CHP coal CHP coal Centralised
storage CHP oil CHP oil Industry surplus heat pump
Ako
Coal Coal Gas, Waste CHP waste low energy
Waste Waste Qil, Coal incineration buildings
Local District Heating District Heating District Heating District Heating
Development
| | | | . (District Heating generation) /
4
1G/1880-1930 2G/1930-1980 3G /1980-2020 4G/2020-2050 ~  Periodofbest
available technology

Fig. 2. The concept of 4GDH compared to previous DH generations [9] updated version based on [6].



Benefits of
Low temperature in district heating

* Production of heat:
* improved efficiency of renewable heating systems
* increased potential of waste heat

e Distribution of heat:
 Reduced heat loss
* Increased capacity with lower return temperature



Implementation of
Low Temperature District Heating Systems

Must be based on lowering the operation temperature of
room heating system and the domestic hot water system.

Solutions for existing buildings and existing DH network:
e Step 1: Lowering the return temperature
e Step 2: Lowering the supply temperature

Solutions for new buildings and new DH network:
e LTDH in medium and high heat density areas
* ULTDH in low heat density areas



Two step implementation of
Low Temperature District Heating
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Room heating systems with radiators
in existing buildings

Low return temperature is possible:
* Heat demand is lower than the design load all year

* Typical radiators can cool water to close to room temperature




Realization of
Low return temperature from heating system

For 2-string systems with panel radiators:

* Evaluate performance

* Find and fix errors in system

e Optimize central control of supply temperature and pump pressure
e Optimize function of thermostatic radiator valves, TRV

* Implement operating improvements

* Monitor performance

* Continue to optimize operation
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Example
Data for the radiator system

* The design heating power of the radiators is 89 kW
* Design supply and return temperatures of 70/40 °C

* Max pressure drop of:
* the pipe system excluding the valves in design situation is 4 kPa
* the open TRV without pre-setting in design situation is 0.1 kPa
* the TRV is 10 kPa



Example: Measured part load duration curve
Part load: use of heating / design heating power
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Temperature (°C)

Example:
Analysis of possibilities for improved central control of heating system
Low flow - High supply temperature
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Example:

Analysis of possibilities for improved central control of heating system
High flow - Low supply temperature
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Example:
Analysis of possibilities for improved central control of heating system
Optimal flow and supply temperature to minimize return temperature

Optimized Supply Temperature (all TRVs with pre-setting 5 and 2).
Energy weighted average return temperature for partly controlled TRVs.
All TRVs with pre-settting position 5 or 2 (in two different scenarios) and

the Pump head is set to 15 kPa and 30 kPa
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Example ( before implementing optimised control)
Temperature measurements of all riser returns
TRV control problems TRV control OK

Riser return temperature > 40°C (5-8/10/2018) Riser return temperature < 30°C (5-8/10/2018)




Solutions to get low return from radiators:
Correct use of TRV's or

Extra controller to limit return temperature
* User guidelines for correct operation of TRV ALLALE

* Visible error indicator:
* Temperature sticker with angry smiley

e Separate return temperature thermostat
* Example: Danfoss FJVR

* Integrated room and return temperature thermostat
* |s being developed by Danfoss
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DHW

Central DHW tank and circulation loop:
* Reduce circulation heat loss by
insulation to less than consumption

. . . . Percentage of circulation heat loss to the average DHW demand [%]
* Optimized heating of tank: L O e e
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Conclusions - expectations

Improved control of DHW systems in existing buildings with existing
central systems:

* Insulated circulation pipes and improved control of DHW heating
* Average return temperature of 25-30C can be realized

* Lower supply temperatures can be realized with:
* Flat stations with DHW heat exchanger in each flat or
* Chemical anti-Legionella treated central circulation system



Conclusions - expectations

Improved control of room heating systems in existing buildings with
existing radiators:

* With minimum investment:
e Average return temperature of 30-35C can be realized

* With new TRV with return temperature control:
* Average return temperature of 25-30C can be realized

* When ordinary maintenance of buildings ( new windows) are made lower
supply and return temperatures can be realized.

* In the example building this is possible now:
* Typical max part load 60% can be supplied with 55C



