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Heating sources

Volkskrant

• Natural gas boiler

• Heat pumps (HP)

• District heating

• Geothermal heat

Climapartners BV



Heating capacity

k heating coefficient
A area of radiator
Δθ logarithmic mean difference

𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑟𝑒𝑡𝑢𝑟𝑛

𝑙𝑛
𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑖𝑛𝑑𝑜𝑜𝑟
𝑇𝑟𝑒𝑡𝑢𝑟𝑛 − 𝑇𝑖𝑛𝑑𝑜𝑜𝑟

Heating capacity = k  A  Δθ

But why is a lower supply temperature important?



Heating capacity
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Lower supply temperature leads to a less powerful radiator!
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House owners: 
 52% available investment budget up to €10,000 

 72% willing to invest up to €5,000
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Enable a lower supply 

temperature

Maintain thermal comfort

Be affordable (< € 10,000)

Should:

?

Problem statement



“What combination of renovation measures for residential buildings is affordable and
provides thermal comfort, when using a lower supply temperature for heating?”

AffordabilityRenovation measures Thermal comfort criteria Local comfort

Main research question

Sub questions



“What combination of renovation measures for residential buildings is affordable and
provides thermal comfort, when using a lower supply temperature for heating?”

Main research question

Research phases



Exploration
Phase 1



Thermal comfort



“That condition of mind which expresses satisfaction with the thermal environment” (ASHRAE 55)

Adaptive options in dwellings:

Thermal comfort

Possibilities for wider heating setpoints

Opening windows Turning heat on/off Change clothing Drink warm/cold drinks Energy bills

Peeters, L., Dear, R., Hensen, J., &
D’haeseleer, W. (2009).
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Thermal comfort

 Temperature range developed for dwellings

 Based on:
- Running Mean outdoor temperature (TRMOT)
- Operative temperature (Top) 
 comfort temperature

 For one hour

Peeters, L., Dear, R., Hensen, J., &
D’haeseleer, W. (2009).

Indoor temperature = 20 °C

Outdoor temperature = 10 °C
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Thermal comfort

 Temperature range developed for dwellings

 Based on running:
- Mean outdoor temperature (TRMOT)
- Operative temperature (Top) 
 comfort temperature

Hours too cold per year = 218

 Used to determine the number of hours too cold 
per year

Peeters, L., Dear, R., Hensen, J., &
D’haeseleer, W. (2009).
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Renovation measures

Envelope scale

Measures on 3 different scales:

Installation scale Room-scale



Renovation measures

Envelope scale Installation scale

W
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V
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n Exhaust ventilation (C1)
Demand driven exhaust (C2)
Balanced w. heat recovery (D1)
Decentralized (D2)

H
ea

ti
n

g Original radiators
Add-on fan
LT-Radiator

Cavity wall insulation
Interior wall insulation
Exterior wall insulation

Heat reflective foil
Heat reflective paint
Radiant screen
Infrared heating panel

Location of furniture

Ventilation grill designed
for comfort

Secondary double glazing
HR glazing
HR+ glazing
HR++ glazing
Triple glazing 

Attic floor insulation
Flat roof insulation (outside)
Pitched roof insulation (inside)
Pitched roof insulation (outside)

Fl
o

o
r Crawling space insulation

Below floor insulation
Above floor insulation

A
ir

 
ti

gh
tn

es
s

Medium improvement
High improvement

Room-scale

Measures on 3 different scales:

Bone, A. (2009).
Konstantinou, T., & Knaack, U. (2013).
Milieu Centraal. (w.d.).

Schoenmaker et al. (2021).



Determining renovation concepts
Phase 2



Cost analysis
Labour

Average

BTW

Insulation materials Finish layer

+

Reduced heating demand / € in [W(/m2)/ €]

Saved gas usage / € in [m3/ €]

Payback period in [years]



Envelope scale Installation scale
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n Exhaust ventilation (C1)
Demand driven exhaust (C2)
Balanced w. heat recovery (D1)
Decentralized (D2)

€2515
€4304
€6256
€4835

H
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n

g Original radiators
Add-on fan
LT-Radiator

-
€66
€528-905

Cavity wall insulation
Interior wall insulation
Exterior wall insulation

€26
€39-54
€117

Heat reflective foil
Heat reflective paint
Radiant screen
Infrared heating panel

Location of furniture

Ventilation grill designed
for comfort

€6
€13
€62
€158

Secondary double glazing
HR glazing
HR+ glazing
HR++ glazing
Triple glazing 

€173
€120
€137
€137
€181

Attic floor insulation
Flat roof insulation (outside)
Pitched roof insulation (inside)
Pitched roof insulation (outside)

€22
€52-63
€63-89
€89-100

Fl
o

o
r

Crawling space insulation
Below floor insulation
Above floor insulation

€34
€41
€77

A
ir

 
ti
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tn
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s

Medium improvement
High improvement

€447
€1560

[€/m2]

[€/dwelling]

[€/dwelling]

[€/unit]

[€/m2]

-

€58
[€/unit]

Room-scale

Cost analysis – selected measures
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Medium improvement
High improvement

€447
€1560

[€/dwelling]

Cavity wall insulation
€26 / m2

Interior wall insulation
€39-54 / m2

Exterior wall insulation
€117 / m2

HR++ glazing
€137 / m2

Triple glazing
€181 / m2

Insulation of crawling space floor
€34 / m2

Insulation below floor
€41 / m2

Insulation above floor
€77 / m2

Attic floor
€22 / m2

Pitched roof insulation (inside)
€63-89 / m2

R
o

o
f

Envelope scale

Cost analysis – selected measures
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n
Cost analysis – selected measures

Installation scale

Exhaust ventilation (C1)
€2515

Demand-driven ventilation (C2)
€4304

Balanced ventilation with
heat recovery

€6256

H
ea

ti
n

g

(Energiebesparen.nl)

Original radiators
€0

Add-on fans
€66 / unit

LT-radiator (higher heating 
capacity

€528-905 / unit

CO2-sensor

(Warmtservice.nl)



Cost analysis – selected measures

Room scale

(Build It Solar, 2019)

Radiant screen
€62 / m2

Heat reflective paint
€13 / m2

Location of furniture
€0



Requirements

 Based on selected renovation measures

 Low budget < €10,000

Setting up renovation concepts

(Re)place ventilation system

Additional measures to enable LT-
heating



Testing renovation concepts
Phase 3



Case study

 Terraced housing

 Built in 1938

 Located in Amersfoort

Google Maps Google Maps

LT-Ready project LT-Ready project
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Dynamic simulations

Renovation concepts

Hours too cold lower than
original HT
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Dynamic simulations
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Dynamic simulations

Renovation concepts

Hours too cold lower than
original HT



Phase 4

LT-Ready recommendations



Renovation scenarios

Original situation

HT (90-70) heating

144 hours too cold in living room
147.2 kWh/m2 

LT (55-45) heating

554 hours too cold in living room
137.1 kWh/m2 



Renovation scenarios

Original situation

HT (90-70) heating

144 hours too cold in living room
147.2 kWh/m2 

Renovation concepts

LT (55-45) heating

LT-Ready    < 144 hours too cold in living room

Compared to



Renovation scenarios Tested 100 concepts



Tested 100 conceptsRenovation scenarios

LT-Ready: 40 concepts



Renovation scenarios

Building

Budget

Performance

Limitations



Renovation scenarios

Building

Budget

Performance

Limitations

1) Exhaust ventilation (C1) already installed
2) No space for ventilation with heat recovery (D1)
3) Wall insulation not possible
4) Cavity wall insulation not possible

5) < € 5,000
6) € 5,000 - €7500
7) > €7,500

8) Thermal comfort & investment budget
9) Energy performance & investment budget

Scenarios



Renovation scenarios: Building limitations
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1. Compare LT-Ready concepts within scenario
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→ However, other renovation concepts 

also possible!

Already exhaust ventilation (C1) installed



Renovation scenarios: Building limitations

Budget: €6,795

Demand-driven ventilation (C2)

Cavity insulation
HR++ (living room)

69 hours too cold
85.3 kWh/m2

No space for D1Already C1 Cavity insulation not possible Wall insulation not possible

Budget: €6,181

Exhaust ventilation (C1)

Exterior wall insulation
HR++ (living room)

98 hours too cold
94.2 kWh/m2

Budget: €7,160

Demand-driven ventilation (C2)

Interior insulation (Rd=2.8)

111 hours too cold
79.9 kWh/m2

Budget: €9,603

Balanced ventilation (D1)

Attic insulation
Below floor insulation
HR++ (living room)
Add-on fans

111 hours too cold
79.9 kWh/m2



Renovation scenarios: Budget

Budget: €3,638

Exhaust ventilation (C1)
LT-radiator

131 hours too cold
142.5 kWh/m2

Budget: €6,795

Demand-driven ventilation (C2)

Cavity insulation
HR++ (living room)

69 hours too cold
85.3 kWh/m2

Budget: €8,641

Balanced ventilation (D1)
Cavity insulation
HR++ (living room)

41 hours too cold
76.8 kWh/m2

< €5,000 €5,000 - €7,500 > €7,500



Renovation scenarios: Best performing on…

Budget: €8,641

Balanced ventilation (D1)
Cavity insulation
HR++ (living room)

41 hours too cold
76.8 kWh/m2

Thermal comfort & investment 
budget

Budget: €8,782

Balanced ventilation (D1)
Interior insulation (Rd=2.8)

106 hours too cold
71.5 kWh/m2

Energy performance & 
investment budget



Wall insulation (extra Rc=2.4) 
and HR++ glazing

Cavity wall insulation and HR++ 
glazing and floor or roof insulation

Cavity wall insulation and HR++ 
glazing and add-on fan

Recommendations per ventilation type

LT-Radiator

Exhaust ventilation (C1) +

V
ar

ia
n

ts

1

2

3

4

Exterior wall insulation

Wall insulation and HR++ glazing
or radiant screen or add-on fans

HR++ glazing and floor insulation
and attic insulation and add-on
fans

LT-Radiator

Demand-driven exhaust

ventilation (C2) +

V
ar

ia
n

ts

1

2

3

4

Triple glazing

Wall insulation

HR++ glazing and floor insulation
and roof insulation

LT-Radiator

Balanced ventilation with heat 

recovery (D1) +

V
ar

ia
n

ts

1

2

3

4



Every dwelling has its own
context and limitations, on 
which the best LT-Ready 

concept depends

Different dwellings →
different LT-Ready concepts



Additional local comfort analysis 
Phase 5



Local discomfort

Temperature

stratification

Cold floor surface

Cold down-flow

Cold window

surface

Cold draft

Local discomfort: comfortable 
temperature can still feel cold

Chance on local discomfort 
increases with LT-heating!

Eijdems et al. (1999)
Myhren & Holmberg (2008)
DWA (2016)



Local comfort analysis

Ventilation system

Ventilation grill (C1 or C2) Ventilation supply (D1)
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Ventilation grill

Ventilation supply



Local comfort analysis

Add-on fans

Without add-on fan With add-on fan
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Add-on fan



Local comfort analysis
Location of couch

In front of radiator 50 cm in front of radiator Next to radiator

3
D

-v
ie

w
Fl
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r 
p

la
n

Se
ct

io
n

Couch (Housebeautiful.com)



Tool
Phase 6

LT-READY

Heating demand

Heating capacity

0 2000 4000 6000 8000 10000
Watt



Tool
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Tool - results

< 1.5 x heating capacity> 1.5 x heating capacity

Not LT-Ready for large part of 
the year

LT-Ready for large part of the
year, but not on very cold days

LT-Ready for the entire year



Tool

Limited to terraced housing



Tool



Tool - info



Tool - radiators

Measure height and width of radiators

Determine radiator types



Tool - radiators

Radiators

20 oC

LT supply temperature 55 oC LT (55-

45°C)LT return temperature 45 oC

Radiator

Select type 33 22 11 10 11 11 22

Enter length 2250 mm 1400 mm 2400 mm 1400 mm 1000 mm 1600 mm 1000 mm

Enter height 450 mm 500 mm 500 mm 500 mm 400 mm 400 mm 500 mm

HT (90-70°C) 4556 W 2310 W 2280 W 910 W 760 W 1216 W 1650 W

LT (55-45°C) 1850 W 938 W 926 W 370 W 309 W 494 W 670 W

Total heating capacity

HT (90-70°C) 13682 W power radiator [W] Living room##

5557 W 4556,25 Living room##

70 50 39,1523 2647,812 Bedroom##

60 40 28,8539 1780,609 Bedroom##

55 45 29,72013 1850,412 Bedroom##

45 35 19,57615 1075,346 Bedroom##

Other##

All radiators of the dwelling needs to be entered in this sheet to calculate the heating capacity. First, 

the heating setpoint temperature and temperatures of the lower supply temperatures has to be 

entered. Then, the radiator type must be entered which can be looked up in the image. Also the length 

and height of the radiators must be filled in. The heating capacity per radiator and the total heating 

capacities are shown in the graphs. 

Setpoint temperature

LT (55-45°C)

OtherLiving room Living room Bedroom Bedroom Bedroom Bedroom

Heating capacity 
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Calculate heating capacity

(HT and LT)



Tool – original situation

Original situation

Total floor area 135  m
2

Floor area living room 51  m2

Select Area

[m2]

Windows 22

Adjacent to living room 10

Exterior wall 50

Adjacent to living room 15

Wall Seperation wall with neighbours 120

Adjacent to living room 38

Interior walls adjacent to living room 17

Roof  79

Adjacent to living room 10

Attic  0

Floor 58

Ventilation

Air tightness

Heating

Dwelling Living room

Heating capacity LT 5557 W Heating capacity LT 2789 W

Heating demand 6608 W Heating demand 3297 W

4182,846Almost LT-READY

Double glazing

Radiators

Almost LT-READY

The current building envelope must be entered (type and area) and the 

total floor area of the dwelling in the green boxes. 

Roof

Medium

Exhaust ventilation (C1)

Floor insulation below floor

Roof insulation 

Cavity wall insulation

Heating demand

Heating capacity

0 2000 4000 6000 8000 10000
Watt

Heating demand

Heating capacity

0 500 1000 1500 2000 2500 3000 3500
Watt

Fill in:

 Envelope areas and 
properties

 Air tightness 



Tool – original situation

Measures

U-value Costs

Windows Double glazing 2,2 € 0 per m2

HR++ glazing 1,1 € 137 per m2

Triple glazing 0,8 € 182 per m2

Wall Uninsulated wall 2,56 € 0 per m2

Cavity wall insulation 0,33 € 28 per m2

Interior wall insulation 0,65 € 54 per m2

Exterior wall insulation 0,41 € 117 per m2

Roof Uninsulated roof 2,05 € 0 per m2

Insulated attic 0,42 € 22 per m2

Roof insulation 0,40 € 63 per m2

Floor Uninsulated floor 2,09 € 0 per m2

Floor insulation below floor 0,45 € 41 per m2

Floor insulation above floor 0,53 € 74 per m2

Ventilation Natural ventilation (A) 0,75 € 0 per dwelling

Exhaust ventilation (C1) 1 € 2.515 per dwelling

Demand-driven exhaust ventilation (C2) 0,5 € 4.304 per dwelling

Balanced ventilation with heat recovery (D1) 0,2 € 6.123 per dwelling

Heating Radiators 'Radiator'-sheet € 0 per unit

Add-on fans (per room) extra 20% € 197 per unit

LT-radiators (per room) 2500 € 528 per unit

Airtightness Not improved 0,00019 € 0 per dwelling

Medium 0,00010 € 447 per dwelling

High 0,00005 € 1.560 per dwelling

Overview of available renovation measures. The value of the green boxes can be changed to match the current 

situation. 
U-values are different

→ Change in Measures-tab



Tool – original situation

Original situation

Total floor area 135  m
2

Floor area living room 51  m2

Select Area

[m2]

Windows 22

Adjacent to living room 10

Exterior wall 50

Adjacent to living room 15

Wall Seperation wall with neighbours 120

Adjacent to living room 38

Interior walls adjacent to living room 17

Roof  79

Adjacent to living room 10

Attic  0

Floor 58

Ventilation

Air tightness

Heating

Dwelling Living room

Heating capacity LT 5557 W Heating capacity LT 2789 W

Heating demand 6608 W Heating demand 3297 W

4182,846Almost LT-READY

Double glazing

Radiators

Almost LT-READY

The current building envelope must be entered (type and area) and the 

total floor area of the dwelling in the green boxes. 

Roof

Medium

Exhaust ventilation (C1)

Floor insulation below floor

Roof insulation 

Cavity wall insulation

Heating demand

Heating capacity

0 2000 4000 6000 8000 10000
Watt

Heating demand

Heating capacity

0 500 1000 1500 2000 2500 3000 3500
Watt

Calculates heating demand

Compared with LT heating 
capacity



Tool – concepts

Concept 1

Total area 135  m
2

Select Area Estimated costs

[m2]

Windows 22 € 3.014 3014

Wall 50 € 0 1377,66

Roof  40 € 0

Attic  0 € 0

Floor 58 € 0 2387,89

Ventilation € 0 2515,1

Air tightness € 0 447

Heating € 197 196,8

Estimated investment € 3.211

Dwelling Living room

Heating capacity LT 6668 W Heating capacity LT 3346 W

Heating demand 6033 W Heating demand 3035 W

LT-READYLT-READY

Medium

Add-on fans (per room)

Renovation concepts can be tested to by changing the green boxes. The 

grey boxes cannot be changed. This results in the estimated costs for a 

renovation and the estimation if the dwelling is LT-Ready or not.  

HR++ glazing

Cavity wall insulation

Roof
Roof insulation 

Floor insulation below floor

Exhaust ventilation (C1)

Heating demand

Heating capacity

0 2000 4000 6000 8000 10000
Watt

Heating demand

Heating capacity

0 1000 2000 3000 4000
Watt

Try different 
renovation concepts

Calculates estimated 
investment



Tool – comparison

Comparison

Available heating capacity 5557 W

Original Concept 1 Concept 2 Concept 3

Windows Double glazing HR++ glazing Double glazing Triple glazing

Wall Cavity wall insulation Cavity wall insulation Cavity wall insulation Cavity wall insulation

Roof Roof insulation Roof insulation Roof insulation Roof insulation 

Floor Floor insulation below floor Floor insulation below floor Floor insulation below floor Floor insulation below floor

Ventilation Exhaust ventilation (C1) Exhaust ventilation (C1)
Balanced ventilation with 

heat recovery (D1)
Exhaust ventilation (C1)

Air tightness Medium Medium High Medium

Heating system Radiators Add-on fans (per room) Radiators Radiators

Estimated investment € 3.211 € 7.683 € 4.010

Heating capacity [W] 5557 6668 5557 5557
Heating demand [W] 6608 6033 3938 6078

1 0 1

0 0 0

0 0 0

0 0 0

0 1 0

0 1 0
1 0 0

3297 3035 2178 2964

Almost LT-READY LT-READY LT-READY Almost LT-READY

The different renovation concepts are combared with the original situation, in order to select the best performing renovation concept per situation. 

5557

6608 6668

6033
5557

3938

5557
6078

0

1000

2000

3000

4000

5000

6000

7000

8000
Watt Overview effect of renovation concepts

Dwelling

Concept 1

Heating capacity

Heating demand

Orginal situation

Watt Overview effect of renovation concepts

Concept 2 Concept 3

Compare renovation 
concepts 



www.ltreadytool.nl

http://www.ltreadytool.nl/


Website

Provides information on:

 What is low-temperature heating?
 Why low-temperature heating?

 Available renovation measures

 Examples of LT-Ready renovations

Download tool!

Link: www.ltreadytool.nl

http://www.ltreadytool.nl/


Conclusion

“What combination of renovation measures for residential buildings is affordable and provides thermal comfort, 
when using a lower supply temperature for heating?”

 Different combinations possible within a budget of €10,000
 Overall best performing LT-Ready concept for case study: 

− Balanced ventilation with heat recovery (D1)
− Cavity wall insulation
− HR++ glazing

 However, “best” combination depends on context: 
− Building limitations
− Available investment budget 

 Within every context, still different LT-Ready renovation concepts possible

 Decision for renovation measures influence on local comfort

 LT-Ready tool can be used to determine renovation concepts for other 
terraced housing



Thermal comfort only 

in living room

Limitations

 Many required input values
 Should be interpreted carefully

 More expensive, but also 
more effective renovation 
option disregarded

 Other rooms can still 
be uncomfortable

Dynamic simulations Focus on affordable renovations



Thermal comfort other 

rooms

 (Semi-)detached, appartments
and corner housing

 Expect different results

 Experimental research to effect
 Cold draft & down-flow when 

using current radiators

 Determine LT-Readiness 
of entire dwelling

Different building types Local comfort and LTH

Further research



Learned to motivate myself 

during difficult times

About LT-heating, thermal comfort 
and dynamic simulations

How to transfer the gained
knowledge to others

Try to stay positive when 
things get difficult! 

Learned a lot this year and 

proud of results

Reflection

But it is definitly possible!

Realized there is a lot of work to do for an 

LT-Ready future 



Thank you!
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Recommendations – installation scale
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Recommendations – room scale

Energy performanceThermal comfort in 

living room

Heat reflective paint

Radiant screen


