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v Three years project

v' 6 Partners

01/09/2010-31/08/2013

Dresden University of Technology Germany

Institute of Construction Informatics (CIB, Prof. Scherer - Coordinator)

Institute of Building Climatology (IBK, Prof. Grunewald)
Institute of Applied Computer Science (TIS, Prof. Kabitzsch)

Nemetschek Slovensko, S.R.O. Slovakia 1064 Employees
Insindoritoimisto Olof Granlund Oy Finland 360
Royal BAM Group NV Netherlands 8954
BAM Utiliteitsbouw NL
BAM Deutschland AG DE
BAM Construct UK
Obermeyer Planen+Beraten Germany 1200
AEC3 UK 3

v" Resources
— PersonMonths
— Funding

- 420 (11,7 Persons x 3 years )
- 2,7 Mio. €
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Principal HESMOS Architecture

Wirtual Erergy Lab
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Arch. Constr. Building HVAC Inv. Cost
Building Design & design design physics planning calculation
Planning phases = = @ S @
l HVAC Shading Lighting Security Room access
Commissioning & control control control control control

Operation phases 8 Ifj
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Building Information Modeling (BIM)

« Interoperability of different tools
« Common open data model

« Growing databases

[
»

Greatest energy saving
potential at the beginning
and end of the value chain.

BIM is not enough!
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Provide advanced simulation
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CAD

+ Geometry
+ Construction
+ Costs

Virtual Lab

+ Materials
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+ User Activity
+ Lighting

+ HVAC

+ Climate

Integrate a Virtual Laboratory to
connect CAD and eeTools (enhance
AEC actor’s ee-competences)

Energy
Demand

T

Thermal
Comfort
I
Indoor Air
Quality
I
Hygrothermal
Bridges
I
Lighting
Control
I
Durability

Investment
Cost

Operating
Cost

Energy
Cost

Life cycle
Cost

eeTools

HESMOS - ICT Platform for Holistic Energy Efficiency Simulation and Lifecycle Management Of Public Use Facilities



Architectural BIM
( Coordination View )

Design cooperation
Further needed data are
mainly document based

T _
Lo
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Filtered Building Envelope
(facades) View

Further needed data:
Environment, Climate,

Data from sensors and actuators
(Building Automation)
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* Individual design/construction domains require their own
view of BIM

* Such views are typically subsets of the full BIM, but
augmented with domain-specific model data

* People use BIM with different tools and in different ways

* In order to support their work, these tools need to be
adapted to the specific user requirements and "speak” the
specific user language

* Unlike large CAD vendors, specialized AEC software
developers often find it too difficult to work with the full IFC
model

= Key: Multi-Model Views
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Integrate surrounding areas
extending current BIM

to eeBIM
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integration of facility management tasks collaboration platform

preprocessing of energy simulations (soon) information server function

visualization of the results of simulations (soon) customizable front end
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1. Provide advanced simulation capabilities (energy, costs) to
decision makers in the whole life-cycle of buildings

2. Integrate a Virtual Laboratory to connect CAD and eeTools
(enhance AEC actor’s ee-competences)

3. Integrate surrounding areas extending current BIM
to eeBIM

HESMOS Product:
Integrated Virtual Energy Laboratory (IVEL)
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All design results must be stored in a BIM database

Repeater
S Twisted Pair TP 78 kBit/s
o o o PowerlLine
Router PLT22 5 kBit/s
4 4 4 J 4
Router
Router

Free Topology

_ _ FTT 78 kBit/s
Twisted Pair

TP 78 kBit/s s

HESMOS - ICT Platform for Holistic Energy Efficiency Simulation and Lifecycle Management Of Public Use Facilities



Vv

HESMOS

Wirtual Erergy Lab

* LNS object server contains
the design database, using
an object-oriented
programming model

* LNS data model defines a set
of objects that represents
the network, all devices and
their embedded software

* The objects are hierarchically
grouped

Vendor Defined BIM <-> LNS

[ OhjectServer |
Componentipp | |.| Exiension | |_| MNetworkInterface | |_| LdrfLanguage |
Network (F) |
[Syaen |
L Channel | H NetworkService Device |_|Templatel.ihra1'}r | |.| Subsysiem |

|.| Extension | NetworkInterface | || HardwareTemplate | [ Subsystem |
| Extension | AppDevice | HProgramTemplate |  |{AppDevice |
L NetworkServiceDevice | Interface | BuildTemplate | H Inierface |
MNetworkInterface | _| Subnet | —|Curu1eciDescTemplat4 .| Subnet |
AppDevice | —|.Cumwctinns | —|B1|.ildTemplate | -| Channel |
Interface | h MessageTag | _| Device Template | -| Device Template |
Application | NetworkVariahle | .| Componentipp | .| ProgramTemplate |

_| AppDevice (MyVINI) | ConfigProperty | -| Exiension | .| Detailinfo |
L| MonitorSets | NewrdVariahlefidl | |[HardwareTemplate|  Subsystem |
L TvMonitorOptions | [ Alias | H ProgramTemplate | H Extension |

- MsghlonitorOptions| || Frror | L[Interface | { Tesilnfo |

| MuMonitorPoint | | [Fxtension | NetworkVariable| [TpgradeStatus |
{TMeritertptions @) | | [RecoverySiatus | MessageTag | LI Thgradelnte |

| DataPoint | L Componeniapp | ConfigFroperty | Router |

|-| FormatSpec | | {BuildTemplate | LonMarkOhject | Detaillnfo |

L FormaiSpec | — PingIntervals | etworkVariahle RouierSide @) |
—[MsgMonitorFoint | [{ ServiceStatus | Channel |

- Wsghlondtor Opticns (2) | - Account | Subnet |

H DataPoint | H Crediiinfo | [ Extension |

|-| FormaiSpec | L{FileTransfer | [Subsystem |

—| FormatSpee (2) | -|Extensiun |
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Provide advanced simulation capabilities (energy, costs) to
decision makers in the whole life-cycle of buildings

Integrate a Virtual Laboratory to connect CAD and eeTools
(enhance AEC actor’s ee-competences)

Integrate surrounding areas extending current BIM
to eeBIM

Close the gap between Building Information Modelling (BIM)
and Building Automation Systems (BAS) so that decisions can be
made economically (energy & cost related) in all life-cycle phases

HESMOS Product:
Integrated Virtual Energy Laboratory (IVEL)
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Example
eeTools

(IBK)
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wos eeTools

2010

Bundesministerium
fur Wirtschaft
und Technologie

(4 Projekte)

1988 2000 2003 2009
Deutsch
| DIM1, DIM 2, DIM 3 | DFG Fgfscsﬁusgsgemeinschaf’c
g R
= Heat-air-moisture analysis | DELPHIN 4 |
% + Salts, restructured code and libraries | COND 1 + Delphin 5 |
< ;
Ecs + Multi-language and multi-platform support | COND 2 + Delphin®6.... |

- Salts, + Pollutants (VOC adsbrption, diffusion) | |

Room Models

Single-zone, single-node thermal model, 1D-wall discretization | Therakles

Single-zone, multi-node HAM model, 3D-wall discretization | Glickmodel . ..

Multi-language and multi-platform support

Whole Buildings

Multi-zone, single-node HAMP modejl, 1D-wall discretizationj |

Multi-zone, single-node HAM‘P model, 1D-wall discretization |

Multi-language and multi-platform support, IDF-Import

Basis

| CVODE lib, CC lib ]

I—->| Platform . ..
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CHAMPS-Multizone + Glick model

e Building geometry

e Wall, roof, floor constructions
e Zone activities

e Lighting concept

e HVAC systems

Tl
T2

°l
T 1o

Vertical cross section

Gluck room

jsraum

e Radiant heaters

e Radiation balance

e Temperature stratification
e Air convection

e Comfort calculation
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CHAMPS-Multizone + Delphin model

e Building geometry

e Wall, roof, floor constructions
e Zone activities

e Lighting concept

e HVAC systems

e.g. e.g.
thermo-aktive capillary active
construction insulation

R

Vertical cross sections

Delphin walls (1D, 2D, 3D)

gsraum

e Thermal storage effects
e Panel heating systems
e Hygrothermal processes
e Micro climate
e Durability

~® Emissions
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Example
Multi Model View Scenario

(CIB)
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Example Scenario: Integrating BIM with data from temperature and
humidity sensors for room climate calculations
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Level 1: BIM View Definition

|| File Window Help

|(@rFcap 2

~ GMSD Plugin

URI

i file:/D:/wallSelect.msd i
file:/D:/wallSelect-601.msd Rename... |
file:/D:/MaterialSelect.msd -
file:/D:/SelectServerRooms.msd

Remove

file:/D:/SelectOffice.msd Apply Gmsd |
file:/D:/SelectAllRooms.msd - T
file:/D:/SelectAllWalls.msd Reset Gmsd

v IFCFiles

Name

HESMOS Building A
HESMOS Building B
HESMOS Building C

Defining a subview with the help of ViewEdit:
Rooms, Walls, Openings, Windows with some properties

~ IFC Type Filter Basis: GMSD Schema

A

U
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GMSD
Use:
ViewEdit

Level 1: BIM View Definition

== ViewEdit - Da\Mutzer\ronnyh+ ++ G+++\Workspace\IFC- Ressourcen'\ GMSDMVFC2: _EnergyManagementView.msd

Eile Edit Settings Help

E=B(ECE ==

DO =80 »

- E IfcElectricMotorType h EnergyManagementView - - -
E IfcElectricTimeControl ’ ;3 II?:E(‘?_REI —|| @ Entity definition @
E IfcElectricTimeControlType o ..... & IfcBuilding 9
E-EREEEEE [E e & IfFcBuildingElement Name:
B-Supertype of [0 IFcContext IFCZ¥4_RC1.IFcElement 9
S:Iubt':;'_zz of & ! I-:rn-:t Inherit definition from superclass
G- Fillsvoids [0:1] .~ ContainedInStructure [7] Generalize to superclass:
B v ConnectedTo [0:7] [=}-ProvidesBoundaries
" v IsInterferedByElements [0:7] EIEE Subview - Space Boundaries | [TFCZ¢4_RC1 IFcProduct
B v InterferesElements [0:7] IFC2x4 RC1 3
.. v HasProjections [0:7] = @ IFcRelSpaceBoundary Predefined feature usage:
" M ReferencedInStructures [0:7] El--ReIaﬁngSpac& UseEntityaAndremoveslFeatures -
b IV HasOpenings [0:7] . L.g3 Subview - Space Boundaries ) )
[#- I8 IsConnectionRealization [0:7] ‘. PhysicalOrvirtusBoundary Annotation:
= v ProvidesBoundaries [0:7] EIR&IEf&uﬂJ@?gEbﬂm
=-5ET {  i.g® EnergyManagementView
=8 E IfcRelspaceBoundary InternalOrExternalBoundary
+-Supertypeof )] L O IfcObject L
[ @ IFcObjectDefinition
[+ IfcOpeningElement
----- p IfcOpeningStandardCase
- IfcProduct
- ObjectPlacement
B-InternalOrExternalBoundary . [i-5® Subview - ObjectPlacement
- v ConnectedFrom [0:7] [=1-Representation
b v ContainedInStructure [0:1] El-g= Subview - Representation
[+~ E IfcElementAssembly IFCZ%4 RC1
4| 1 | 3 -
T
Panel Hits

chemas - IFC2¥4_RC1 - Entity list - IFcElement

Schemas - IFC2¥4_RC1 - Enkity graph - IfcRook - IfcObjectDefinition - IfcObject - IfcProduct - IFcElement
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.

File

Window Help

HHE

Room use = 'Server room’

G rtestami 1

Multi Model Project

* GMSD Plugin

= 8|(#1Fc3p = =8

URI

file:/D:fwall5Select.msd
file:/D:fwall5elect-601.msd
file:/D:/Material5elect.msd
| file;/D:/SelectServerRooms.msd ]
filey/D:/SelectOffice.msd
file:/D:/SelectAllRooms.msd
file:/D:/SelectAllWalls.msd

FC Files

Rename...

Remave

Apply Gmsd

Mame LRI
HESMOS Building A filey/D/IFC-Beis..,
HESMOS Building B file,/D:/HWE_EG...
HESMOS Building C  file:/D:/Nutzer/...

= 1;“3&1;% = | (& #Q%% !E: wll.w-

Additional view adaptation based on attribute type/value

Basis:

« [FC Type Filter

E<>

constraints

GMSD Selection Capabilities integrated in the
target application or defined externally in advance
Uses the already processed View Definition.
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Level 3: Object Level Multi-Model Filtering

r=ran
File Window Help
=
O “testami 82 ~ O @rc3n 2 -0l
7 . - > i
Multi Model Project ‘¢ HhsLY - HHN %9 FB G-
v Room Sensor Data D
Criteria: [T > 40 AND H > 45 [sesrch |
Room | T[°C) | H (% - _
100 43,0 48,5 T e - —
103 43,2 S, : =
106 40,1 46, !'—- : B
| ] | .
BIM - Sensor M in T
4 -
s Y o J )
ARG Snacet oad add-on doma odels and optiona s eir data
Global ID T ~ ~ D o~
a63e8a4b241f46d4b42d9 = C OC = ome ole
2caf13ddba074bf 7bd2db9
160F10be73Sb4acebel ace . A o ada 0 - 3 (] 0 o 0 Q o Ne nde
DIropce C O pDlrepdarec ) O c DC c U app c O
D3 ode ginee g Que angquage
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Demonstration cases to be selected
(BAM, Obermeier)
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* 2 pilot projects, preferably in two different countries
(Germany, UK or NL)

®* Purpose:

— Establish, check and adjust key performance indicators for
further use in a broader range of facilities using the pilot results
as best practice examples

— Validate and disseminate the project findings to a broad
audience, providing actual practical proof-of-concept from ‘live
facilities

]

— Provide continuous bidirectional feedback throughout the
project duration
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West Dunbartonshire Schools

PFI contract involving BAM PPP (finance & investment),
BAM Construction (D&C) and BAM FM (O&M)

Location: near Glasgow, UK

The project encompasses 3 se-
condary schools (completed Aug.
2009) as well as 1 primary school
(due late 2010). The schools are
built to latest UK building stan-
dards (fit to purpose Community
Learning Centres). Heating and
cooling are provided via ground
source heat pumps.

Capacity: over 4500 pupils
Investor: BAM PPP (100%) -
responsible for the day-to-day
management of the facilities, with
BAM FM providing operational
and maintenance services such
as janitorial services, security,
energy and utilities management,
waste management.

Concession period: 30 years

All influencing variables
must be recorded and
documented to inspect
and evaluate the calcula-
ted values for the heating
and cooling system.

BAM FM (UK) will be able
to provide data and infor-
mation on energy con-
sumption, while BAM
Construction (UK) will be
able to provide informa-
tion on design and speci-
fication, as well as buil-
ding standards, regula-
tions and other relevant
data for HESMO analysis
and simulation tools.
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Solihull Schools

PFI contract involving BAM PPP (finance & investment),
BAM Construction (D&C) and BAM FM (O&M)

Location: near Birmingham, UK

The project comprises 3 se-
condary schools and 1 special
education needs facility. The
three schools provide repla-
cements for 1,400 pupils each,
the special-needs facility is a new
purpose-built building for 50 pu-
pils, a 40 place PRU and a sports
hall. Integrated services include
places of worship and multi-
purpose social spaces. All facili-
ties are operational since 2009.

Investor: BAM PPP (100%)
FM contractor: BAM FM (100%)
Concession period: 25 years

The project includes a
number of different facility
types that can be very
useful to test and validate
HESMOS products.
These include, beside the
mentioned school buil-
dings a new theatre and
chapel, a sports hall and
a reconstructed swim-
ming pool and sports
complex.

As above, BAM FM and
BAM Construction (UK)
will be able to provide the
needed data for HESMOS
analysis and simulation
tools.
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New Construction of the Landtag Brandenburg

PPP project; Public contracting body: Ministry of Finance of
the State of Brandenburg, Germany

Location: Potsdam, Germany

The new construction of the
Landtag of Brandenburg is being
developed in the historical centre
of the regional capital Potsdam.
Behind the historical 3 part
facade, a total of 4 modern office
floors are installed. The preser-
vation of monuments requires
strong cooperation and coordina-
tion with the customer and the
authorities.

In particular, to be able to adhere
to the guidelines of the ENEV
(energy saving regulation), the
installation is as follows:
constructive damping on inner
concrete walls and the historical
facades in front.

Key figures:

Gross volume 150,632 m?
Gross floor area 34,525 m?
Building costs: ca. € 120 mill.
FM contractor: BAM (100%)
Concession period: 30 years

Similar to the presented
UK projects the influencing
variables must be recor-
ded and documented to
inspect and evaluate the
calculated values for the
heating / cooling system.
This includes the recording
of the energy consumption
from the use of the IT
systems to just the same
extent as the heating up of
the building through insula-
tion. In addition options
must be created that
enable the inspection of
energy storage and energy
retrieval.

BAM will provide energy-
related and other neces-
sary data from FM and
construction in their capa-
city of both contractor and
operator of the facility.
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Rudolf-Harbig Stadium Dresden

PPP project: Landeshauptstadt Dresden, Dresden Stadium
Projektges. mbH, BAM AG

Location: Dresden, Germany

The new Dresden stadium has a
capacity for ca. 32,000 specta-
tors (incl. a VIP area for 1,343
persons). A particular focus pro-
vides the use of a large number
of pre-fabricated elements.

Key figures:
Gross area 78,870 m?
Field area 22,603 m?

Building costs: ca. € 47 mill.
FM contractor: BAM (100%)
Concession period: 30 years

The operation of the sta-
dium is characterised by
a multiple use concept:
(1) football arena, (2) sta-
ging of musical events for
100 up to 32,000 people,
(3) exhibitions/meetings
in the business area, and
(4) entertainment events
(PPP contract duties).

HESMOS should enable
greater energy efficiency
by (1) simulation of usage
scenarios, (2) reducing
peak electricity loads,
(3) simulation of work per-
formance to aid decision-
making and (4) integrated
reduction of emissions
while taking the operating
situation into account.
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