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1BPSA project 1

The first project of the International Building Performance
Simulation Association (IBPSA)

BIM/GIS and Modelica framework for building and community
energy system design and operation

Aim: create open-source software that builds the basis of next
generation computing tools for the design and operation of
building and district energy and control systems (DES)

Led by Michael Wetter LBNL, Berkeley
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District energy system model
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Simulation, optimization
and analysis

https://ibpsa.github.io/projectl/
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https://ibpsa.github.io/project1/

"SDU Center for Energy Informatics (CEI)

Expertise in modeling, optimization and control of DES technologies

Continuous contribution to international DES projects (incl. IEA
Annex 60 followed by IBPSA pl)

EUDP funding for IBPSA project 1 participation

In IBPSA project 1:
o Developed Modelica-based open-source district energy models
o Demonstrated capabilities of the tools through real live
applications using Functional Mock-Up Interface (FMI).
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i)

DU Center for Energy Informatics (CEI)

= -
Smart Energy = IBPSA Project 1
Networks
Smart
Industries
Smart Cities IBPSA Project 1 CEIl - SDU Participation

and
communities

SDU goal in the project: adopt and apply the emerging DES tools for
simulation, optimization and control of insdustrial energy systems
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“Work packages

WP 1.1: Modeling of energy system components (LBNL, Berkeley)

WP 1.2: Building Optimization Performance Tests, MPC (KU Leuven)

WP 2.1: City District Information Modeling (TU Graz)

WP 2.2: Building Information Modeling (RWTH Aachen)

WP 3.1: DESTEST (KU Leuven)

WP 3.2: Applications and case studies (Aalborg University)
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P 1.1: Components and FMI
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WP 1.2: BOBTEST

RESTful Interface

BOPTEST Test Case
Docker Container

Test Case FMU

model binaries

model description.xml

weather.tmy

test_case_data.csv

pyFMI

Container port:

kpis.json

127.0.0.1:5000
Simulation T HTTP Request
Manager API
testcase.py restapil.py
Python Imports
Data Manager Forecaster KPI Calculator
data/ forecast/ kpis/
data_manager.py forecaster.py kpi_calculator.py

JModelica/pyFMI

Flask-Restful

Python 2.7

Ubuntu 16.04
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WP 1.2: Model predictive control

—

Model Predictive
Control (MPC)
control strategy
adapting to the
N, ® predicted future
conditions

dt = F(tv xsu)! X(O) = X0,
J(u) = [L(tx,%, u)— extr.

J \

more to &,
the left X

Traditional control
—  strategy reacting to
unexpected conditions

Image source: M. Hoekstra, M Vogelzang, E. Verbitsky, M.W.N. Nijtsen, Health
technology assessment review: Computerized glucose regulation in the
intensive care unit — how to create artificial control, Critical Care 2009 (13): 223.

SDU-&

ENERGY
INFORMATICS

Konstantin Filonenko

kfi@mmmi.sdu.dk Building energy modeling, design and control


Oplægsholder
Præsentationsnoter
1 min


MPC example: control model

Building Village

Objective: Minimize total electricity cost for both buildings
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Compressor
power P.[W]

power P [W]

Compressor

Price p [DKK/kWh]
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Potential Savings

Building #1, savings: 16.0%

— PID
— MPC

— PID
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Pe [W]

Potential Savings

Building #2, savings: 11.4%
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‘MPC example: emulation model

* Ground source consumer heat pumps, buried pipes, ambient data

wWea...

l : weaBus we_:iﬁlus

H3

hor es1 hor 53
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WP 1.2: SDU teaching building OU44

Modelica Buildings Library

Exhaust air
. : Supply air
Ambient air 3 PEY Building Zone

@ P

¥ 1

District heating
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“WP 1.2: SDU teaching building OU44

1. Conventional control tuning to reduce consumption
2. Model calibration to comply with IBPSA p1 BOBTEST standards
3. Overwright blocks => coupling to industrial MPC framwork

70

— OQy_total_initial --- Q_coil_updated

-=-= {y total updated — . _fan_initial

60 Qp_rad _initial e Qg fan_updated
(,_rad_updated — Q. _pump _initial

25 —— @, coil initial --- Q. _pump_updated

65

50

Time [day]
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‘WP 1.2: PCM-based ventilation cooling

Convective heat exchanger consisting of parallel plate stacks

PT100 PCM sensors

Sensor: PCM4 Sensor: PCM3 Sensor: PCM2 Sensor: PCM1
Air flow Air flow
- - - -
Sensor: AlrS Sensor: Alrd Sensor: Alrd Sensor: Alr2 Sensor: Alrt

PT100 air sensors
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‘WP 1.2: PCM-based ventilation cooling

PCM heat exchanger (Buildings Library)

T gl PCM module
Tair 1y[1]+2... ‘D—}
V_air |
YWairk F— &
1]
o
X
s
) I
o :

mix {ng'olumeHe...

“air
S =enTem zenTems
V=0, ..
m ﬂuwnundary
=1.288
k=0 138850 T
Tair_1

tokehin
K
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@WP 1.2: PCM- based Ventllatlon coohng

------------------------------------------------------------------------

°C

Office air cooling g
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WP 3.1: DESTEST
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WP 3.1: DESTEST

Benchmarking district energy simulation tools
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WP3.2: Industrial case studies
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#1: Heat Pumps 1n 2030 grid (EWII)
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#1: Heat Pumps 1n 2030 grid (EWII)

B  Simulated 1s close to measured (2019)

P
= Dymola simulation
o g E Measuremen t, hourly mean
140 |

— RMSE

120

HP_Loac . wl I" )c r ‘ \ L] \
¢ tl" ]’ NI
RUAVRYAATATATERTRTRTATAA

40
- J o
T — = o
< =B|. LI s LTS \ 2 Bu, |
m | ] I 20 -
h N - = 7 ™
i IN 5 “N§ i “w§
v Vo Vo

O T
68 70 72 74 76
Time, days

* Prediction of grid dynamics for 2030
and 2040 (from DEA projections)
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1: Heat Pumps 1n 2030 grid (EWII)

Scenario (HP/EV/PV) Line capacity exceeded i_max/i_capacity

23%/7.45%/0%
100%/7.45%/0%
23%/7.45%/50%
23%/24.7%/0%
23%/65%/0%
100%/65%/0%

No 37%
No 53%
Short-term 44%
No 42.8%
Short-term 52.6%
Long-term 67.8%
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2: Flexibility-based design/operation (TREFOR)

60degC

L1 L2 L3 L... L12

Supply and
Retum Diameter. D1 D2 D3 D... D12

e nr.0=0.0669 [m] mw nr.4=0.0571[m] == nr.8=0.0451[m]
B nr.1=0.0669 [m] mwsw nr.5=0.0571[m] === nr.9=0.0451[m]
e nr.2=0.0571[m] mm nr.6=0.0571[m] messs 0r.10=0.0392 [m]
nr.3=0.0571[m] mswm nr.7=0.0571 [m] memes Nr,.11=0.0305 [mM]
O O @ ®
N O O O o
0 50 100 150 200 250 300 350 400
Distance [m]
. P
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#: Flexibility-based design/operation (TREFOR)

Peak shaving with the tank set point penalized (12 consumers)

100000 i ; , B

80000 A

60000

Power [W]

40000 -

20000

1] T T T
10 20 30 40 30
Time[h]

= =
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#: Flexibility-based design/operation (TREFOR)

Spot Price [DKK/MWh]
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#3: Wind power-driven DH

QTT - * Wind-driven pumps at off-peak
> il >
’ & T * Small city DH — night

-—r-:r
B e Scenarios

schedule

lilg
)
charglngContm}(

* - windpower, - storage

period=86400 s * + windpower, - storage

windSpeed

* + windpower, + storage

>1 * Full capacity vs 10%
sensor battery
{@* soc

L \\‘ * Tools: Buildings Library, SDU code
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#3: Wind power-driven DH

* January simulation

= ) -
= 600 . ) turb 100% + bat
- 500 { . turb 10% + bat

2 400 e . turb 10%

0 5 10 15 20 25 30
Time, days
3{] '_._- \ 5 e . .-'F - '.T'l'.

I
! ol l — gnd + 100% turb + bat
} gnd + 10% turb + bat l '|

Power, kW
i\
(=]

grid + 10% turb
—— gnd only |

0 5 10 15 20 25 30
Time, days

* No storage: full coverage during 8 nights

* With storage: all nights are partially covered
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%onclusions

o The developed Modelica-based tools are useful for District and
Building Energy industrial research

o Functional Mock-Up Interface (FMI) is a powerful tool for
companies to use Modelica with their internal routines

o Denmark contributes to the overall development progress of the
energy modeling field through optimization algorithms and case
studies
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“Contact info at Center for Energy Informatics

Konstantin Filonenko, Christian Veje, professor
Adjunkt Vice sektionsleder
kfi@mmmi.sdu.dk veje@mmmi.sdu.dk
65508975, 29992209 65501607, 20585161
Campusvej 55 Campusvej 55,

5230 Odense M 5230 Odense M
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