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* Traditional and Dual-Source Heat Pumps (DSHPs)

% ALMABUuvild, an open-source Matlab-Simulink tool

“ Methodology: numerical model and description of the case study a_a

+* Results of numerical simulations ﬂﬂ

% Conclusions and future developments
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Trqdlhonal and Dual-Source Heat Pumps
Trc:dlhonal Heat Pumps

Brine deposition

../ Vertical Boreholes

x Performance influenced by the outdoor | Drilling machine
conditions | x Elevated investment cost
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How to reduce the high investment cost related to the
Borehole Heat Exchanger (BHE) field and maintain

high performance?
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ALMABU|Id a Matlab- Slmullnktoolbox
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ALMABU|Id a Matlab- Slmullnktoolbox
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ALMABUlId a Matlab- Slmullnktoolbox
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Description of the case study
Building and HVAC system

Design conditions: Design conditions:
) — T external air: -7 °C T out borehole: -5 °C
v R Tin load: 35 °C Tin load: 35 °C

Unbalanced loads =——>| Thermal load
— | ASHP capacity 8.51 / 3.55

—>| GCHP capacity 3.86
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Description of the case study

_____DSHP performance map, Ground-Source mode .
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Description of the case study

rmance map, Air-Source mode
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Description of the case study
_ Conflgurohons of HVAC sysTem

Case A: HVAC system based on an
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Cases C and D: HVAC system based on an inverter-driven DSHP

2 boreholes 60 m each 1 borehole 20 m 1 borehole 70 m | 1 borehole 60 m Case D
(120 m tot) (100% length) |long (75% length) |long (60% length) | long (50% length)

W — o [ Scheduled times
r % i : | A logic
&) & J( &) i @)

U

C2 C3

Switching temperature logic

T

-
=

OO HP_sim&app23 — Carnot User Meeting 2023, 22-23 June 2023, Bologna, Italy 13




Results

Key Performance Indicators (KPls)
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Results

Case A and case B
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Results

Cases C, DSHP, switching temperature logic

¢l ] T
14 & 4] —a D A GCHP
100%) | ﬁk n HG)l— case
| | ] 20 +=C] ' 1 (Length 100%)
. >-C2 i o i
C2 lf 37 : :
(75%) ’3 =+C3 P Only grgund-
H % 3.5 -o-C4 \8% T. E moage
33 AsHP ',
C3 i 31 -13% comppred to case A (GCHP) L
(60%) ' +26% cqgmpgared to c{se B (ASHP) -
U 2.9
Case B (ASHP) l
C4 t 27 v v
i @ 7 -3 1 5 o 13 17 21 25
(50%) 1

Switching temperature [°C]

! HP_sim&app23 — Carnot User Meeting 2023, 22-23 June 2023, Bologna, Italy 16

ol



Results

Cases C4, DSHP, switching temperature logic

Optimal switching value
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Results

o | ©

7-years analysis
Same performance

of case A
but with
halved BHE !!

Balancing of the
building loads
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Results

Comparison
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Conclusion and future developments
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v Dynamic model of a DSHP developed with ALMABuvild N ——

v Switching temperature logic with better efficiency compared to scheduled times logic
v' Long-term performance DSHP: -11% compared to GCHP, +23% compared to ASHP (BHE length
reduced by 50%), limited ground temperature drift

» Future developments: experimental validation with dynamic tests, new control strategies
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