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The vision of IBPSA Project 1 is to create open-source
software that builds the basis of next generation computing
tools for the buildings industry

2) optimize the performance of technology options and
Allow engineers and scientists to control strategies in simulation, and

1) drag and drop preconfigured, modifiable and scalable 3) export models and control algorithms for

component models of e hardware in the loop testing

* buildings, ® deployment to control systems and embedded

¢ district heating and cooling, hardware, and

e HVAC, and ® to run as a web service for real time operational support
® controls.

All developed software is free and open source.
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2012-2017:

IEA EBC Annex 60 resulted in
collaboration among 42 institutes
from 16 countries

Building and community energy grids E B C @

) designed and operated as integrated,
Multiple scales robust, performance based systems
Energy in Buildings and

. Multiple domains : | Communities Programme

) L Energy and control systems modeling
Multiple disciplines libraries

Multiple tools : rr/r_n}l |||’

Co-simulation anc model exchange tools I UGIAAW N Lawrence Berkeley National Laboratory

Standardized modeling

o RWTHAACHEN
http://www.iea-annex60.0rg UNIVERSITY4



http://www.iea-annex60.org

2015: Joe Clarke’s vision statement
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Joe Clarke’s vision statement calls for a
consolidation of models for HYAC and
controls that can be used for testing, as a
review framework and as a library
(Propositions 1, 3, 4, 5,6, 7,9, 11 and 12).

The opportunity is

¢ to standardize the approach for how such
component and system models are
represented,

® {0 agree upon the physics for specific use
cases, and

® to share resources for development,
validation and distribution



IBPSA to conduct Project 1

December 2015: Board of IBPSA-World approved Project 1.

May 2016: Registration started at http://www.iea-annex60.org/news.htmi

October 2016: Workshop, training and planning session at Corsica, France.

Until July 2017: Planning and team building phase. Start of some of the research.

Aug. 2017: Start of 5-year research phase.


http://www.iea-annex60.org/news.html

IBPSA Project 1 goals

1. to consolidate the development of these technologies, ranging from equipment to system
representations of the data (BIM/GIS) and their dynamic behavior (Modelica),

2. to share efforts for, and increase the range of, model validation, and

3. to provide to simulation tool providers stable, well-tested, validated and documented code
that they can integrate in their software tools for deployment to design firms, energy service
companies, equipment and control manufacturers.

4. to demonstrate through applications capabillities that are enabled through Modelica, and to
identify and test through applications research needs and research results.
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Why standardization

and what exists?



_et us develop buillding simulation programs, but each with a
mutually incompatible model format, different semantics and
iIncompatible software architecture...
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... and someone is happily paying for the development while users complain about lack of
functionality, difficulty to use and non-transparent models that only few experts understand. 9




20 years ago, there was a brilliant recognition that models can
be developed once, stored in a repository and exported to
simulators

TRACE AT @ eQuest IDA-ICE NMF

CONTAM EnergyPlus

Tas  CHAMPS TRNSYS
ESP-r

It probably was ahead of its time, but stopped by ASHRAE TC 4.7.

Per Sahlin and Pavel Grozman. Symbolic Processing and Code Generation of Equation Based HVAC&R Simulation,
Models. ASHRAE Technical Paper 839, 1996.
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http://www.equa.se/dncenter/839TechPaper.pdf

In absence of being able to share models, let’'s co-simulate, but
each with a different APl and different — if any — semantics....
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Looks like a nice idea, but very difficult to realize.
And lacks any standard and rigor until some tools started using FMI.



Open standarc
Modelica, an o
oriented mode

Open, industry-driven standard for modeling
multi-physics, engineered systems

Developed since 1996 because conventional
approach for modeling was inadequate for

as underlying technology:

7

MODELICA

oen standard for equation-based, object-

Igle

/% of German power production is

optimized based on Modelica

Reference

integrated engineered systems.

Large eco-system of free and commercial
libraries and environment for

e modeling
e simulation
e optimization

e model-based design
* product life cycle management
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Intraday optimization of municipal power

= Exploit storage capacities, e.g. heat
buffers, pump stores, electrical mobility

Source: http://new.abb.com/power-generation/power-plant-optimization

conductor Graphical modeling
%/% | - input/output free
- block-diagram
10 G=to - state machines
raseh - bond-graphs
a:=2; Algorithmic code
b:=2*a;

—<>—> C code

x>

C*der(T) = Q flow;
0 = T - TBoundary;

Acausal equations

executable

solver



http://new.abb.com/power-generation/power-plant-optimization

Open standard as underlying technology: tm_l

The FMI Standard has been developed to encapsulate and link

models and simulators for co-simulation of different domains
Initially a 28 million € ITEA2 project with 29 partners, initiated by Daimler Chrysler.

Standardizes C API and encapsulation for simulator and model interoperability.
Scales from embedded systems to high performance computers.
First version published in 2010. Second version published in 2014.

Supported by 80 tools.
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10 years ago, a similar fragmentation happened again. Now,
same language, but incompatible interfaces for models that
sometimes complement and more often replicate each other

RWTH Aachen - AixLib ARG — HVAC

&

EdF — BuildSysPro

UdK - BuildingSystems
ITI — GreenBuilding
LBNL-Buildings

KU Leuven - IDEAS

B
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At Building Simulation 2011, a joint effort started to avoid
fragmentation, collaborate on development, implement best
practices and share everything open-source and free

RWTH Aachen - AixLib ARG — HVAG

A a0 E EdF — BuildSysPro
nnex UdK - BuildingSystems
@ : } ITI — GreenBuilding

LBNL-Buildings

KU Leuven - IDEAS

iy |




In 2016, tight integration of Modelica into EnergyPlus started.

XRG — HVAC

RWTH Aachen - AixLib :
Annex 60 E EdF — BuildSysPro
nnex UdK - BuildingSystems
@ i§ Tl — GreenBuilding
| BNL-Buildings @

KU Leuven - IDEAS
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Structure



Tasks span from buildings to communities, and design to
operation

Task 1: Modelica libraries for building and
community energy systems

e \WP 1.1: Library for design and operation
e WP 1.2: Library for Model Predictive Control

Task 2: Building and City Quarter Models
e \WP 2.1: City Quarter Information Modeling

o \WP 2.2: Building Information Modeling

Task 3: Application and Dissemination e 20%a..,
e \WP 3.1: Application HD

e \WP 3.2: Dissemination

AAAAAAAAA
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Levels of participation

Sponsoring participant

e Cash $5k per year.

Organizational participants

e minimum 0.5 full time employee per year, over the 5 year project
e contribute to 5 to 10 web-based coordination meetings annually
e attend semi-annual expert meeting, generally lasting 2 days
Individual participants

® N0 predetermined level of commitment, but needs to provide sulbstantial contributions



Intellectual property

IBPSA is the copyright and license holder.
All workshops, software and documentation will be open accessible to anyone.
Modelica models will use a slightly modified version of the Modelica 2 license.

Code other than Modelica models will use the open-source BSD 3-Clause License.

20



Example applications



District energy systems — building tools needed by urban
developers and cities to prioritize investment and policy

I L} [ ]
Input from GIS Visualization
>€:: ‘{“‘X P '
A R S A g S :
WNG ek, —_ 2 A < .
o _’ o |
\%6}9 T DES Modelling Routine e ‘
Existing district data for PNy O ¢ Display system operation
real cases T sl g 9 and energy flows
Generate Use Cases Optimization
Full thermo-hydraulic o o) o)
(o] fo) o)
system model
o o o)
i — O o O
(o) o} (o}

Generic districts for
case studies

Source: RWTH Aachen
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8°C-16°C (46-61 F)
Source: LBNL

A

Minimize operation costs,
primary energy demand, ...

GIS to Modelica for performance
analysis, visualization and optimization
of district energy systems.

Analysis of novel, modular extensible
energy networks with decentralized
energy hubs and bi-directional flow
networks that share heating, cooling
and waste heat among energy hubs
and buildings.
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Optimization: 2200 times speed up for optimization through
use of computer algebra
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Nouidui T. S. In press: Energy and

Buildings

subject to

W

hi(z,y,u) =0,i=1,...,n
gi(z,y,u) < b, 1=1,...,

F(:’t’ x’ u) y? e) = 0

A
TAmb tAmb ¢ N
r| |_J conlntias
»lZ B al Iz -
DI
ngt Chir Cint
Qing() Py
< ~ capAir capIntMas
i solRadIntMas
Zoneair SRad matrixGain
win
- r 5
R T solRadWall
mFloCom add
'''''''' —

Define cost function
and constraints

Time to solve optimal control problem:

<

Computer algebra
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http://simulationresearch.lbl.gov/wetter/download/LBNL-1003383.pdf
http://simulationresearch.lbl.gov/wetter/download/LBNL-1003383.pdf

—xporting control sequence in standardized format (FMI)

TwoRoomsWithStorage - Buildings.Examples.HydronicHeating.TwoRoomsWithStorage - [Diagram]
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Importing this control sequence into another simulator or a
building automation system

o~

File:/mnt/hgfs/proj/div/2_pres/2015-05-06-lbnl-csdl/ptModel.xml
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execution finished: 36 ms. Memory: 104960K Free: 39994K (38%)




Spawn of EnergyPlus — Modularize EnergyPlus, base it ong
standardized open technologies that better address very low
energy systems and operation

Buildings P % ‘g R T e ———— FINREL
library c S
I 5
Spawn-of-EnergyPlus 8
* Inter-operability with control ﬂ—t&ﬁ
workflows and product R I Gcica/
development -cf:; C++ C++
* Flexible to model innovative E
non-standard approaches for G
heating, cooling and controls 'f M e
« Standard interface (FMI) and S i

language (Modelica) MiE== I
R B =

vendor-specific algorithms

operation

Automatic code

D)
generation from O
Modelica to, *g communication layer
e.g., Niagara O

hardwarcidatabasesiweb service
)
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OpenBuildingControl

Provide process and integrated set of tools for design, deployment and end-to-end quality
assurance of control sequences.

3 year DOE/CEC funded project.

Start in fall 2016.

ASHRAE GPC 36 Designer

& custom sequences

in OpenStudio BCL

ASHRAE ) /7 ort

— sequence,

— configure \
and test for
building o
specification &

verification tests

Control provider

submit and deliver
controls through
code generation

Commissioning agent

failed

Ve A

untested

— J/L . passed
>
dT

verify against
design specification
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Next steps



Next steps

EBC %) s
ﬁ Annex 60

IBPSA L

Project 1 |fjitjyit,

5 year research phase I"

2016/17: Planning and transitioning phase

3 year research phase
2012/13: Planning phase

2016/17: Reporting phase

| | | | |
2012 20183 2014 2015 2016

Y
Corsicat

@CENTRE CCAS |

4 | | | | | |
2017 [ 2018 2019 2020 2021 2022

08/17: Kick-off meeting at Berkeley, CA

10/16: Workshop, training and planning session
at Corsica, France
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| =IBPSA Project 1

Visit https://ibpsa.github.io/project1/ for

e Work plan
® project registration
e (orsica training registration

Questions?

30


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

