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Smart solutions 



Integrated & optimized modern systems



HVAC systems
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Energy performance regulations 

 EPB

 EPBD

 ISO_EN

Lack of Physical background

Parameter fitting

Limited number of data points

Oversimplified heat transfer correlations

Mismatch with the real energy use!



Energy performance regulations 

 EPB

 EPBD

 ISO_EN
 Ecodesign

216/2281 814/2013

2015/1189 206/2012

813/2013



•Do the available data contain
the necessary information for
better understanding and predicting
the performance of most common
Belgian heat generation appliances?

The research question 



1

Is the available information enough?

 Scientific literature, state of the art

1M. Trcka and J. L. M. Hensen, “Overview of HVAC system simulation,” Autom. Constr., vol. 19, pp. 93–99, 2010.

Detailed, case specific:
Design data based 
Low reusability 

Less complex, data based:
Reusability possible 
Myriad of assumptions



Is the available information enough?

 Is it possible to use consistently the existing data?
 If so, is the new model capable to give realistic results? 



Gas-Fired condensing boilers 
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Gas-Fired condensing boilers 

 Working regimes:
 Non-condensing
 Condensing 

Inlet water T < 55°C 
η ↗

 Ecodesign
 Full & 30% load

80/60, Qwater, efficiency 
50/30, Qwater

36/30, Qwater, efficiency 

 Manufactures provide:
 Nominal fuel flow rate
 Dry weight
 Inner water content 

Gas

Hot water 

Air

Cold 
water

Flue gases

Condensed water

A, A+



Combustion 

 Input data: 
ℎ𝑓𝑓 Fuel quality, 100%CH4

𝑚̇𝑚𝑓𝑓 Nominal fuel flow rate, 
𝑚̇𝑚𝑎𝑎 Excess amount of air 

 Assumptions:
 Complete combustion 
 Combustion gases are ideal gases 
 Adiabatic flame temperature 
 Reference state: 15°C and 101 325 Pa, HHV 

Gas

Hot water 
Cold water

Flue gases

Condensed water𝑚̇𝑚𝑎𝑎,ℎ𝑎𝑎(𝑇𝑇𝑎𝑎)

𝑚̇𝑚𝑓𝑓,ℎ𝑓𝑓(𝑇𝑇𝑓𝑓)

𝑚̇𝑚𝑔𝑔, ℎ𝑔𝑔(𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)



Main heat exchanger 

 Input data: 
 Design temperature

regime 𝑇𝑇𝑤𝑤,𝑜𝑜𝑜𝑜𝑜𝑜/ 𝑇𝑇𝑤𝑤,𝑖𝑖𝑖𝑖

 Nominal capacity 
 Assumptions:
 Envelop losses

water to ambient

 Fitting value: 
 𝑇𝑇𝑔𝑔, exhaust gas temperature (EN15502)

Gas

𝑚̇𝑚𝑔𝑔, ℎ𝑔𝑔(𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)

𝑚̇𝑚𝑤𝑤,ℎ𝑤𝑤,𝑜𝑜𝑜𝑜𝑜𝑜(𝑇𝑇𝑤𝑤,𝑜𝑜𝑜𝑜𝑜𝑜)
𝑚̇𝑚𝑤𝑤,
ℎ𝑤𝑤,𝑖𝑖𝑖𝑖(𝑇𝑇𝑤𝑤,𝑖𝑖𝑖𝑖)

𝑚̇𝑚𝑔𝑔, ℎ𝑔𝑔(𝑇𝑇𝑔𝑔)
𝑄̇𝑄𝑒𝑒

Air



Main heat exchanger 

 Input data: 
 Design temperature

regime
 Nominal capacity 
 Assumptions:
 Envelop losses

water to ambient

 Fitting value: 
 𝑇𝑇𝑔𝑔, exhaust gas temperature (EN15502)
 𝑚̇𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 , amount of water condensate l/h (EN15502)

Gas

𝑚̇𝑚𝑔𝑔, ℎ𝑔𝑔(𝑇𝑇𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)

𝑚̇𝑚𝑤𝑤,ℎ𝑤𝑤,𝑜𝑜𝑜𝑜𝑜𝑜(𝑇𝑇𝑤𝑤,𝑜𝑜𝑜𝑜𝑜𝑜)
𝑚̇𝑚𝑤𝑤,
ℎ𝑤𝑤,𝑖𝑖𝑖𝑖(𝑇𝑇𝑤𝑤,𝑖𝑖𝑖𝑖)

𝑄̇𝑄𝑒𝑒

Air
𝑚̇𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 ,
ℎ𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)

𝑚̇𝑚𝑒𝑒𝑒𝑒 ,ℎ𝑒𝑒𝑒𝑒(𝑇𝑇𝑔𝑔)



Results, Calibration 

Operational regime Non-condensing 80/60°C (λ=23.45%) Condensing 50/30°C (λ=22.49%)

Data type Measurements Simulation Measurement Simulation

Rated heat output 𝑄̇𝑄𝑤𝑤 [kW] 24.0 23.98 26.4 26.43

Nominal mass flow rate of fuel 
[kg/s] 0.0004986 0.0004986 0.0005163 0.0005163

Heat input, HHV [kW] 27.7 27.7 28.7 28.7

Useful efficiency [%] 86.6 86.6 92.1 92.1

Temperature of the exhaust 
gases [°C] 84.5 84.48 64.0 64.1

Envelop losses [W] N/A 211.8 N/A 72.5

Fraction of the envelop losses 
[%]

N/A 0.76 N/A 0.25

Amount of condensate [l/h] N/A N/A 1.75 1.75

Nominal heat exchanger dew point 
effectiveness N/A N/A N/A 0.668

𝑈𝑈𝑈𝑈𝑛𝑛𝑛𝑛𝑛𝑛 [W/K] N/A 62.5 N/A 62.3

𝑈𝑈𝑈𝑈𝑒𝑒𝑒𝑒𝑒𝑒_𝑛𝑛𝑛𝑛𝑛𝑛 [W/K] N/A 3.8 N/A 2.8

≈ ≈
≈



Steady-state comparison 

 Data Gas.be
 100% load
 15% load

 Realistic results 
 Expected trend
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What if average values are used?

 80/60
 𝑇𝑇𝑔𝑔,𝑎𝑎𝑎𝑎 = 77.5 ℃

 50/30
 𝑇𝑇𝑔𝑔,𝑎𝑎𝑎𝑎 = 57.8 ℃

 𝑚̇𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑎𝑎𝑎𝑎 = 2.16 kg
h

 36/30
 𝑇𝑇𝑔𝑔,𝑎𝑎𝑎𝑎 = 33.7 ℃

 𝑚̇𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐,𝑎𝑎𝑎𝑎 = 0.557 kg
h

 Irregularities in envelop losses
 Higher envelop loses in the case of condensing regime 
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What if average values are used?

 80/60
 𝑇𝑇𝑔𝑔 = 77.5 ℃

 50/30
 𝑇𝑇𝑔𝑔 = 57.8 ℃

 𝑚̇𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 2.16 kg
h

 36/30
 𝑇𝑇𝑔𝑔 = 33.7 ℃

 𝑚̇𝑚𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.557 kg
h 70
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High temperatures
Old households
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Dynamics

 Dynamic inputs
 Dry weight
 Inner water content

 Lacking data:
 Controlling principles
 Heat recovery
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Dynamics

Measurements



New technologies, Heat pumps and fuel cells  

 Heat pumps 
 Full load, steady state data
 Data less complete 
 Manufacturers do have extended data
 Control principles unknown 
 Complex solutions 

 Fuel cells
 Lack of standards for evaluating the performance 
 PEM, H2
 SOFC, CH4

Condenser

Evaporator

Experimental evaluations Control!



Heat pumps, Case study

 Annex 71
 Well insulated house
 Air to water HP
 UFH and DHW
 Performance based model
 Official data
 Vaillant data

(internal correspondence)

Data type Measured Simulation, official Simulation, Vaillant

COP average 1.70 2.18 1.99

COP absolute average 1.96 3.17 2.79
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Conclusion 



Conclusion 

 With proper physical models, the existing data are sufficient
 Including of physical systems helps in reducing the performance gap as 

the real behaviour is not lumped 
 Every unit needs a calibration procedure data sheets           model 

 Use existing data, do not overcomplicate the existing procedures 
 The real performance is impossible to completely capture 
 Extra communication, data is available (+cloud data) 
 For the complete results 
 Running simulations of different data sheets of units would be necessary while also 

comparing these results to the ones of EPB (future research?)

 Final conclusions in the PhD book, end of Spring 2022

Calibration procedure



Elsevier

 Journal article:
“Modelling of a gas-fired heating boiler unit for residential buildings use 
based on public data”

 Description of the applied modelling 
method 

 Use of the input data
 Discussion over the calibration 

and verification of the model
 Further results, load profiles

SCAN ME!
free till 19/11

Thank you for your attention!

Katarina.Simic@ugent.be
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