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Purpose of this study

• In the future heating demand shifting can do an important 
role in increasing the efficiency of the energy grid 
– Due to increasing portion of renewable energy and its fluctuating 

nature 

– Heating demand can be shifted for a while by intentional over 
heating when there is excess power generation in the grid

<Predicted Electricity demand and wind power generation in Denmark 2020> 

• Comprehensive sensitivity analysis is required to understand 
which factors are most important for the demand flexibility
– There were a few sensitivity analysis on demand shifting but the 

number of  parameters were very limited



Parameters which affect on demand shifting

1. Insulation level of building fabric (Wall, Floor, Ceiling, 
Window)
2. Amount of Thermal mass (All the part in a building)
3. Ventilation and Infiltration rate
4. Overheating duration time
5. Position of insulation (Exterior or interior insulation)
6. Solar radiation absorbed inside face of a building fabric 
   (G-value)
7. Types of heater
8. outside boundary condition of ceiling and floor of a 
floor



The TwinHouse Model

• Energy simulation model of the TwinHouse at the Fraunhofer 
test site in Holzkirchen, Germany is used for sensitivity 
analysis
– The model is calibrated with real detailed measured data as an 

IEA Annex 58 activity
Item Contents

Simulation tool  ESP-r

Geometry, 
Calculation detail

Same as TwinHouse calibrated Model

 

Construction
Infiltration, Overheating duration 
time

Input Parameter of each cases 

Climate Data Copenhagen, Denmark

Simulation day and Time step 1st of January, 2 minutes



The TwinHouse Model

• Calibration to the simulation model include detailed thermal 
bridge analysis, change surface convection coefficient and 
ventilation heat losses  adjustment
– Calibrated model shows CC : 0.9611 and IC : 0.0516
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Definition of parameter range

• Construction data is extracted from TABULA database

<Images from TABULA web tool> 



Definition of parameter range

• Input for sensitivity analysis



Latin Hyper cubic sampling cases

• To reduce sampling cases while maintaining acceptable 
accuracy of statistical characteristics, Latin Hyper Cubic 
Sampling Method is used to generate sample cases

• Simlab 2.2 is used to generate 25 LHS samples which exceeds 
the minimum number of 3/2*11(perameter number) = 16.5 
which is recommended for LHS method

Table. 25 samples from SimLab



Simulation result and analysis of LHS cases

• Demand shifting time ranges from 6 to 142 minutes in each 
cases

• Shortcoming of LHS method is that it is not easy to compare 
each cases and analyze the impact of each parameters 
because all the other parameter changes at the same time 

    -> Morris Method is used adapted to generate new sample 
cases



Morris Case sample cases

• Morris method is similar to LHS in that it uses even number of divided 
interval for each parameter. But in Morris method there is only 1 
parameter change in each cases 
– Because of this characteristic it is easier to compare each results than LHS 

• In Morris the number of model executions is computed as r*(k+1) 
where r is the level of sampling and k the number of model input factor
– In total 72 simulation models were made



Morris Case sample cases

• Small values for μ to factors with negligible effect; σ 
measures the strength of the interaction effects

• Insulation level of construction and overheating time are  
ranked as the most important factor with overheating time
– As seen in μ value the other factors do not have significant impact on the 

demand shifting time

      



Findings through  Morris case study
• Same thermal mass and different insulation type 

– Due to slow response of exterior insulated wall to the change in 
the indoor temperature, at the end of the overheating time there 
is more heat loss through convection to surface

– So the saturation time is reduced

　 Case Wallins Floorins Ceilins
Win

Uvalue
gvalue

Wall
Thermalma

ss

Floor
TMass

Ceil
TMass

Infiltration
Insulatio

n
Type

Overheatin
g

Time

Demand
shifting time

3 1.64242 0.48166
3

0.48045 0.8 0.85 419634 95613.756113.2 0.22440
6

1 2 106

4 1.64242
0.48166

3
0.48045 0.8 0.85 419634 95613.756113.2

0.22440
6

3 2 96



Findings through  Morris case study

• Same U-value and different Thermal Mass
– in case 70 which has interior insulation there is a decrease in 

demand shifting time by 18min when the wall thermal mass is 
increased by 73%

– During daytime when the ambient temperature rise, surface 
temperature of Case69 which has less thermal mass rise faster 
than case70, which cause more conduction heat losses in 
Case70.

– Even the relatively higher U-value of these two cases promotes 
conduction heat loss with small differences in outside surface 
temperature

　 Case Wallins Floorins Ceilins
Win

Uvalue gvalue
Wall

Thermalma
ss

Floor
TMass

Ceil
TMass Infiltration

Insulatio
n

Type

Overheatin
g

Time

Demand
shifting time

69 1.90334
0.68365

3
0.751639 0.8 0.63 327205 437449 122469

0.15539
9

1 2 62

70 1.90334
0.68365

3
0.751639 0.8 0.63 567622 437449 122469

0.15539
9

1 2 44



Findings through  Morris case study

• Same U-value and different Thermal Mass



Findings through  Morris case study

• Overheating time
– In a few cases there was a decrease in demand shifting time 

when there was an increase in overheating time and vice versa 

– It is sure that thermal mass absorb more heat as the overheating 
time gets longer. 

– But as in these cases if the end of overheating time goes over 
outdoor peak temperature time, there happens more heat losses 
through exterior wall which is the most important factors in 
demand shifting 

– So to get the best demand shifting time, ambient environment 
should also be taken into account

　 Case Wallins Floorins Ceilins
Win

Uvalue
gvalue

Wall
Thermalma

ss

Floor
TMass

Ceil
TMass

Infiltratio
n

Insulatio
n

Type

Overheatin
g

Time

Demand
shifting time

11 0.69492
0.48166

3
0.48045 2.7 0.63 672599 255067 101363

0.10239
9

3 2 98

12 0.69492 0.48166
3

0.48045 2.7 0.63 672599 255067 101363 0.10239
9

3 4 42



Conclusion

• High Insulation of a building is most important factor in 
demand shifting capability of the building type

• As long as a building is built within the parameter range in 
TABULA database , thermal mass is not an important factor in 
demand shifting

• If overheating time is not enough to heat up the thermal mass 
of a wall construction, interior insulation is more suitable to 
get an optimal performance in demand shifting

• The time of a day for overheating  also have important factors 
to increase saturation time 

• To get best demand shifting capability, detailed analysis on 
various building stock within the grid needs to be carried out 

 



Thank you for your 
attention

For more questions please contact 
me at
archope@samsung.com
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