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Residential Heating

~25% of national energy consumption

Energy costs rising

!

Need for increases in efficiency

Subsidies & regulation

!

Hydronic balancing
Supply Temperature Reduction

§60c GEG, KfW & BAFA subsidies

!

Develop Library




Hydronic Central Heating

 Hydronic = Heating with water

 Two Pipes: Supply &
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Hydraulic Circuits

* One per emitter

* Pressure loss
* Pipes & elements cause friction

 Uneven flow distribution
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Radiator Flow Rate

f (s, @y, P) = gqm

« Mass flow q,, [kg/s]
* Supply temperature 9. [°C]
 Heat generator

* Nominal power output & [W]
* Radiator Model

« Required power output ® [W]
* Heat load




Heat Load

e Heat Loss: Transmission &
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Hydronic optimization

* Hydronic balancing
* Ensure exact required flow
* Equalize pressure loss = Adjustable valves
* 10-20% improvement possible

» Decrease supply temperature 9. [, Py, P) - gm
* Increased generator efficiency A\ 7
 Increased flow rates — Capacity limits

TRV Branch valve
v

E= (Wi Wi




Library Design

e 3 Problems Thermal Room Heating-
. building temberatures system
* Heat load calculations parameters P parameters

* Hydronic balancing

« Supply temperature | |
reduction Heat load R Hydronic
Module Room-level Module
° 2 Modules heat loads
 Heat load

. Hydronlc { Detailed J {o;?/rg;‘;antli(;n}

heat loads
measures




Heat Load Module

* Implements DIN/TS 12831-1 { Building ]
e 3 Procedures
e Standard { Ventilation ]
* Simplified room-level zone
» Simplified building-level
[ Room ]
{ Component ]




Hydronic Module
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Pipe Network Calculation

Radiator flows = Find circuits = Pipe flows— Pressure losses

0.3 kPa 0.1 kPa

0.2 kPa 0.2 kPa
REOBEIEERRE
Q 177\
O 2 kPa O 1 kPa
2.1 kPa . 1.1 kPa . 0.9 kPa
0.3 kPa 0.1 kPa

— Circuit pressure loss is sum




Hydronic Balancing

Static Dynamic
» Adjustable valves * Pressure independent valves
* Full load only * Full & partial load
* Cheaper hardware » Easy adjustment
* Valve authority
. 30-70% :

. . Pipe network calculation
e Discrete/continuous

 Branch valves

T




Hydronic Balancing
Static

lex min (Apmax, — APy = Y recr (Ap?al + Ap>r + Ape,th))
st Ape™ + Ap < Apmax Vee E

» Adjustable valves AP+ A > Apus Vee B

(1—a™*>). ApP® < ™. Ap® VecE

 Full load only
* Cheaper hardware

(1—a™®). ApPel > g™ . Ap*  VYee E

Z Broumg = 1 V(ie,r) € (Ex R)ND
 Valve authority
e 30-70% SEES:byb,Fl Vbe BND
* Discrete/continuous Ters € 10,1} V(e,r) € (Ex R)ND, Vs € S,
s € {0,1} Vbe BND, Vs €S,
* Branch valves i [Agmn, Agaes Vo) € (B B

Py € [Ap™, Ap™] Vbe BNK
ApPmax € Rx

ApPmin € Rxg




Supply Temperature Reduction

f (s, @y, P) - gqm
N A -

* Pipe network calculation
* Flow capacities violated?

* Replacements
« Upsize Radiators
« Upsize Pipes
* Cost




Supply Temperature Algorithm

A 4

A

Pipe network calculation

Pipe
capacity

Store in result J
violated?

A

Replace radiators & pipes
MILP or Greedy

Solution Yes

found?

Terminate
Return result




Implementation

* [diomatic Swift
* Value types
* Thread safety

« MILP Solver

* |[p_solve
e Swift o C
» Declarative API

var model = LPModel()

let x1 = model.addVariable("x1", kind: .integer)
let x2 = model.addVariable("x2", kind: .continuous)

model.optimizationDirection = .maximize
model.objective = 6*x1 + 9*x2

model.addConstraints {
2*x1 +x2 <=42
2*x1 + 3*x2 <= 161

}

let solution = try model.solve()
print("objective:", solution.objective)
print("x1:", solution.value(of: x1))




Heat Load Evaluation

Reference Transmission Ventilation Building Conclusion

E DIN SPEC 12831-1 All rooms All rooms
v Pass

w/o mechanical within 0.5 W within 0.8 W )
ventilation

E DIN SPEC 12831-1

/ hanical All rooms 11/16 rooms: =0.5 W ] / Pass*
W/ mechanica within 0.5 W 5/16: up to 231 W*
ventilation
All rooms All rooms 4742WN (EVEBI) N
EVEBI within 1.0 W within £15 W* 4730 W (Module) v Pass
Whs All rooms All rooms 5696 W (wbs) / Pass
within +0.8 W within +0.5 W 5696 W (Module)

* Errors found in reference data




Hydronic Evaluation

Radiator Flow . . .. Pipe Network Static Hydronic
Max. rel. Error Pipe Friction . .
Rates Calculation Balancing

VDI 2073-2 - 3 %** 0.6 %* -
E DIN 94679-1 0.7% 0.8% 0.8 %* v/ Pass
ZVPlan 2% 11 %** 1%*** v Pass

* Errors found in reference data
** Viscosity not stated in reference
*** Excludes pipe friction




Performance
| AverageExecutionTime

Heat Load - Standard Procedure 167 ps
Heat Load - Simplified Building 1 us
Heat Load - Simplified Room 5us
Pipe Network Calculation 532 ps
Static Hydronic Balancing 8.3 ms

Supply Temperature Optimization - Greedy

Supply Temperature Optimization - MILP K4 \Worse for large buildings

MacBook Pro 16-inch, M2 Max, 32GB RAM, on cable power, macOS 26.3




Conclusion

e Library — LSRGt DGR

* Heat load calculations (DIN/TS 12831-1, DIN EN12831-1)
« Hydronic balancing (E DIN 94679-1, VDI 2073-2)
* Supply temperature reduction

* Validated

* Poor reference data quality = Further validation

 Future Work

 MILP performance
* ROl on replacements




Backup



Supply Temperature MILP vs Greedy |
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Supply Temperature MILP vs Greedy ||
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