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Getting Started With EcoDesigner STAR

1. Getting Started With
EcoDesigner STAR

1.1 Technical Requirements

EcoDesigner STAR runs with ArchiCAD 17 only.

EcoDesigner STAR is based on ArchiCAD’s built-in Energy Evaluation feature, but provides
significantly extended capabilities and data settings. You must have an EcoDesigner STAR
license key in order to access these extended functions. Apart from inserting this license key, no
additional installation or download is necessary.

See the “Product Overview” section below for details on the extended capabilities of
EcoDesigner STAR.

Hardware/Software Requirements

The hardware/software requirements for GRAPHISOFT EcoDesigner STAR are identical to those
of ArchiCAD 17.

For more details, see “Getting Started with ArchiCAD 17", available from the ArchiCAD Help
menu.

File Compatibility

All user-defined settings in ArchiCAD 17’s Energy Evaluation function are also used with
EcoDesigner STAR. If you have used Energy Evaluation on a project, and later insert a license
key to access EcoDesigner STAR, then your Energy Evaluation settings will be read and used
without any conflict.

If you use EcoDesigner STAR features on an ArchiCAD project, and then open the project with
an ArchiCAD version that does not have STAR functionality, there is no data loss; the extra data
are still part of the project, though you cannot access or modify data that are based on STAR-only
features and settings.

Localized Contents — the XML Files

Energy Evaluation has its own folder in the Add-Ons folder of ArchiCAD 17 (C:\Program
Files\Graphisoft\ArchiCAD 17\Add-Ons\EnergyEvaluation). The version-specific localized
content folder or folders (named with three-character nationality codes) are located here. Energy
Evaluation automatically loads its data from the folder corresponding to the localized version of
ArchiCAD under which it runs. Each localized content folder contains the following.xml files:

DefaultBuildingSystems.xml

DefaultEnergySourceProperties.xml (see Energy Source Factors)
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DefaultEvaluationReportFormat.xml
DefaultValues.xml

InternalUsages.xml

MaterialCatalog.xml (see U-value (R-value) Override)
OpeningCatalog.xml (see Openings Catalog)
ReportStrings.xml

ShadingCatalog.xml (see Shading Devices)
TemplateOperationProfiles.xml
TemplateThermalProperties.xml

To minimize the numeric user input required, several input parameters are set within EcoDesigner
STAR by default or are listed in database catalogs. The .xml files shown above contain these
default settings and catalogs. It is possible for users to modify the content of these files by simply
text-editing them, in order to tailor the application to their preferences and needs. The best
software to use for this purpose is TextPad (available free for download from the internet).
Microsoft Word is not suitable for editing .xml file content, as it changes the file format when the
modified version is saved. NotePad may be used; however it is inconvenient as it displays the files
in one continuous line.

It is strongly advised to save a copy of the original .xml files to a different folder prior to
modifying them. Replacing the modified .xml’s with the originals allow the users to reset the
changed settings and return to EcoDesigner STAR’s default state. Users should also back up their
own modified files before installing any hotfixes or upgrades to ArchiCAD or EcoDesigner
STAR, as the update process may replace customized .xml files. ArchiCAD must be closed and
then restarted in order for the modifications to take effect.

Folders Used by EcoDesigner STAR

EcoDesigner STAR manages data using three different folders:

\Add-Ons\EnergyEvaluation: see the section above for information on the XML files stored
here.

The locations of the other two folders (Temporary and Cache Folder) are specified individually
under Options > Work Environment > Special Folders for every user.

Temporary Folder: When ArchiCAD is launched, an EcoDesigner STAR reference result file
(.vdt format) is copied into this folder automatically. If an evaluation is carried out in
EcoDesigner STAR during the work session, a resultant temporary .vut file (VIP Energy file
format that may be opened by the StruSoft VIP-Energy software for detailed analysis) is saved
here, as well. Both the .vdt and the .vut files are needed by EcoDesigner STAR to produce the
Energy Evaluation Report, because the result file alone is meaningless without the reference data.

The Temporary folder is also used to store the calculation error file (.err file format), which
contains information about the cause of failure in case of unsuccessful evaluation.

The climate .xml file currently in use is also copied here from the Cache Folder.

Cache Folder: Climate files coming from the EcoDesigner STAR folder, the online weather
database, or any imported standard climate file formats are managed here.
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1.2 General ArchiCAD Settings
Units

EcoDesigner STAR uses the calculation units defined by you in ArchiCAD, at Options > Project
Preferences > Calculation Units & Rules. Thus, Energy Evaluation uses the same units as the
ArchiCAD Project to which it is applied.

Additional unit setting options:

*  When defining components of Heating and Ventilation systems in the Building Systems
dialog box, choose either Celsius or Fahrenheit for the water temperature.

This way, for example, you can set the temperature scale of Hot water generation independently
of other units. (This can be useful if your country uses metric dimensions and Fahrenheit
temperatures concurrently.)

*  On the U-value (R-value) Calculator and the U-value (R-value) Override panels, click the
pop-up to alternate between U-value and R-value as needed.

General Modeling Conventions

For best results with Energy Evaluation, follow these conventions of building energy modeling in
ArchiCAD:
» Use the Mesh tool to model the building site’s grade level, especially if it is uneven.

» Do not use multiple separate parallel walls (or slabs or roofs) to model composite structures.
If such constructions exist in the building model, make sure that only one of the parallel
structures is visible in the energy model, and that the adjacent Internal Space Zones touch that
structure.

» Use fills consistently within your project: a particular fill should always indicate the same
single building material or composite.

See Direct BIM to BEM for more details on modeling guidelines.

Teamwork Settings

If you are working on a Teamwork project, you must first reserve the Energy Model Review
palette using the control light interface on the palette itself, or the dialog boxes that open from it.

EcoDesigner STAR User Manual 13



Getting Started With EcoDesigner STAR

Customize Energy Model Review Colors

To define or change the 3D default colors for Structures and Openings listed in the Model Review
palette: go to Options > Work Environment > On-Screen Options, and use the Energy
Evaluation Model Review Colors panel:

[ work Environment X
l Apoly Schemes ol Prodle: ¥ Lser Prefererce Schemes : Cuslum
@ Work Envrenment Prodles - F_On-Screen Options
:l E_'ﬁ |User Preference Schemes b Teamwerk Workspace Colors
E Dialog Boxee anc Palette * Enzrgy Evaluation Medel Reviaw Colors

EL selecton and tlement In

X Trader ard Coordinzte 1 ®
ﬁ Mouse ConsTaints and
; Cuide Lincs ﬁElL' 1 I:l
%1 Imaging and Calculation |= ] Lpward e
'i@ Pubishe: 5] vowrward [
Morz Options
ﬁg Advarced Redam Optiat ﬂFonr (at or above grade) I
e | O Sce=r Options nFonr (bzlow crade) [
:l & EHFI::;' Y;L’" 'J";dTﬁ":;_': nl nderground -
ATA HAPTY r
(@0 Melvurk aw Upda e mlnternal :l
: = Specizl Fokers ﬂCpenngs I:l
_| ﬁ SAortout Schemes
i J Keyaoard shortcats [ Lac uni‘orm coler for WireFame -
: Tool Schemes
i i A Teobow 5
] 1 ] [ Cancel ] [ [o]4

A quick way to access these controls is by selecting Customize Model Review Colors from the
pop-up to the right of the Show in 3D button, at the top of the Model Review Palette:
Show volumes - Show uncovered areas - Customize Model Review colors
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2. Product Overview

ArchiCAD, when equipped with the EcoDesigner STAR add-on, is an energy analysis tool that
enables architects to monitor and control all design parameters that influence building energy
performance. EcoDesigner STAR places standard-compliant energy analysis at the heart of the
architects’ familiar BIM work environment.

With EcoDesigner STAR, building systems can be precisely modeled and assigned to the Multiple
Thermal Block Building Energy Model, to produce Detailed Output that includes Energy
Demand, Energy Consumption, Primary Energy, Carbon Footprint and Building Energy
Performance Rating. The software module used for the dynamic energy simulation complies with
ANSI/ASHRAE Standard 140-2007 and the performance rating functionality complies with
ASHRAE 90.1-2007, so EcoDesigner STAR can be used up to the Construction Documentation
phase.

The EcoDesigner STAR add-on for ArchiCAD enables users to utilize the VIP-Core dynamic
energy simulation engine in ArchiCAD to its full potential. EcoDesigner STAR expands the
Energy Model Review palette of ArchiCAD, making it suitable for providing input for standard
compliant building energy analysis. High-end EcoDesigner STAR functions such as thermal
bridge simulation and on-site renewable energy system modeling complement ArchiCAD’s
multiple thermal block building energy modeling capability to provide the most detailed and
accurate input for the energy simulation. As a result, the VIP-Core dynamic energy simulation
engine produces the Detailed Energy Performance Evaluation Report with certified accuracy. The
performance report can be customized to include some or all relevant information regarding the
project’s energy efficiency.

2.1 New Energy Evaluation Features in
ArchiCAD 17

ArchiCAD 17 extends ArchiCAD 16’s quick and simple energy evaluation workflow with
multiple thermal zone support and model-based solar study to enable architects to evaluate the
energy performance of their buildings of any size or complexity. Based on EcoDesigner STAR’s
standard compliant technology, Energy Evaluation in ArchiCAD 17 enables users to check their
buildings’ energy performance at any stage of the design. However, for full energy performance
analysis including advanced HVAC setup, ArchiCAD 17 users must either buy an EcoDesigner
STAR license or collaborate with energy experts using 3rd party energy analysis software
exporting their BIM through ArchiCAD 17’s improved IFC interface.

The following paragraphs briefly introduce the important new features of Energy Evaluation in
ArchiCAD 17:
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2.1.1 Multiple Thermal Block Building Energy

Model

Quickly turns ArchiCAD models into detailed energy models.

| P e

* Thermal Blocks tab page on the Energy Model Review palette

* Define thermal blocks by grouping ArchiCAD zones

Y e ]

= [ D1C Entrance

[ 02C Circulation

» [ 03C Circulation 2

» [ D4C Staircase

b U 05C Flevatar

»  OBW Laboratcry W

| OFW Laburalury S

»  OBW Laboratcry E

b 09W |ahoratory Internal
b | 10W Science

o L1W Management

b [ 124 Grow Room

» [ 13A IT Room

F [ 18A sanitary

b 0 154 Shafts

b 1B% Temp Regulated Cald
b [ 175 Temp Requlated Freezer
F 18% Automared stores

b | 19% Srorage 2

b 20N% Srorage

* Show Unused Zones: this function automatically detects Zones that are not assigned to any
Thermal Blocks and highlights them on the 3D building energy model

» Show Uncovered Areas: this function automatically detects space boundaries that are part of
the architectural model but are missing from the energy model, and highlights them on the 3D

building energy model

*  Assign operation profiles and building systems to thermal blocks

16
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2.1.2 Physical Properties in ArchiCAD 17

Building Materials

Simulation input database integrated in the heart of BIM.

[aNaNz] Euilding Materials
v :
== Name & Priority _— Editasle: L

[ Iair Space | o
[ Jair Space - Frame | Concrete Block - Filler
[l Aluminium | FE -
I:. Brick | truclturc an f)pmrancc
M Brick - Finish | ¥ Physical Properties
[ arick - Structura |

Enter physical properties or choose the best Matarlal Catabon. .
EMconcrete | e Tera i e s | Materal Cataleg... |
[ Concerete  Structural — .
K Concrete Block - Filler I P Sanl cEity: 0.60 b
EZ lcConcrete Block - Structural |

Density: i kg/m?
C_Jebarhoard | g 1400.00 g
[=_IFre Proofing ! . Heat Capacity: 830.00 | IfkoK
[(TICEMERIC  ENVIRONMENT 1l
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2.1.3 Model —Based Solar Analysis

Calculates the solar exposure of each individual external glazed opening, for every hour of the
reference year.

|- Selected Openings 1 I | Selected Openings 1
' ‘g Orientation West ' | ﬂ: Orientation South
Percentage of glazed area exposed to direct sunlight Percentage of glazed area exposed to direct sunlight
Note Hower ower gragh for hourly values Note: Hover over graph for hourly values
o 50 100% o S0% 1 O

Derect solar radiation

Direct solar radiation on glazed surfaces Direct solar radiation on glazed surfaces

Note Hower ower graph for hourly values Note: Hower over graph lor hourly values

] 181 161 544 T28 907 w (1] 71 142 213 za'-l iss w
Annual integrated direct radiation 342.29 KWh Annual integrated direct radiation: 277.21 kKWh

* The shadow mask calculation considers the shading effect of the building’s geometry as well
as external objects (neighboring buildings, trees, etc.).

* Annual crown density schedules associated with deciduous plants (ArchiCAD library objects)
represent the seasonal changes in foliage, which is taken into consideration for the shading
calculations.
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2.1.4 Custom Operation Profiles

Gives users the freedom to input comfort requirements based on local building energy regulations
or to model expected real-life occupancy.

Edit profile data in the selected time period

Internal temperature 2
™ ¥ Maximum: 26 l¥]2e
¥ Minimum: 20 B i

m ! Internal heat gain

. ET Occupancy count:

10.00 |5/ m? per capita
B # Lighting: | Fluorescent ligh... + |
Power: 5.00 |2 wfm?
312 [h @13 |[(h B2 :lh I ™ Equipment: 10.00 [*] wm?

» Operation Profiles are assigned to thermal blocks.

Note: In previous Energy Evaluation and EcoDesigner versions, only single thermal block

energy modeling was supported, therefore operation profiles had to be assigned to the entire
project.

» Use the dedicated editor dialog to create operation profiles that contain custom hourly
occupancy data and indoor comfort requirements.

» Allows users to tailor the calculation input to suit local regulations or to model real-life
building usage patterns to the highest level of detail.

EcoDesigner STAR User Manual 19



Product Overview

2.1.5 New Building Systems Processing, Dialog
and Content

With limited input variables and smart defaults, the Building Systems dialog in “Basic view”
makes ArchiCAD’s Energy Evaluation easy to use for architects with no engineering skills.

FLALA Energy Dvalugtion - Building Systems
.-h:ic vew r:

¥ Heating Setiings

MName -
District heati - : -
6 D m_' hadl | Mot Yet Specfied
& Hectric space hoater (%] On Site Equipment () District Heating
& Fireplare [ Boller or Furnance
Q Cround heat pump || Solar Thermal Collactor

4 Oil boiler [ |'Walar ~eal Pump

b Pell=t furnace jw snlar panel

_ ¥ Boiler or Furnace
6 Wall-rrounted gas boiler
2% District cooling

22 Ranftars chiller Sapbe 25000 w
2% Wall-rrountad AC unit Systlern Heat Loss: 50 @
£2 Window AZ unit [ Include Service Hot-Water Heating

@ Frash zir supply i | Eogeiperls i i

(3 Heat recovary ventiarion

o

& Matural ventilation Assigned Thermal Elocks

1001 OFces West
fo0Z  OFicas Morth

M3 Canference Room

AL LI L]

* Building systems are assigned to thermal blocks.

Note: In previous Energy Evaluation and EcoDesigner versions, only single thermal block
energy modeling was supported, therefore systems had to be assigned to the entire project.

» Building systems can be classified as Not Yet Specified for energy demand calculations.
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2.1.6 Enriched and Customizable Energy
Evaluation Report PDF

An easy-to-understand yet scientifically precise graphical representation of the building’s energy
performance.

* Report format settings

Themial Blocks:

Tharmed Rieck Damn Oparation Frsil Do Pl A Wk
Asaigned m? n‘

I 1 Sl a2 basemenl 1 wi el Lo 14755 38367
042 Simircase 3 Cinoulaion ard beafiic ... WE FEAAG
I.'Il.& I"-1¢|I 1 Metad shepddssarima. . 145,34 5006

1 Parsonal 3¥ oo E.£8 AR
3 Resideniia 1ER. 16 405 &
2 Hessdenia 134.73 H1TE
1 Hessena BraAr 17158
1 Residenia 1470 BTR e
2 Hessdenia i 41 A
1 uncandtonad arr 108
l ¥ PisdgEEer huldlng A uneiennad 210 | 18
Total 24 1206.15 s217.0

Supplied Eirrygy pee Wesh

I i i=
Ilill S ——
||||.||:!;..f'

o (1] 1 : T
1 lll o
Cecling
Emittod Ercrgy por Wook WO MATs
Environmenial Impact
Sourca Type = Primary Enargy C0: am S5 kar
ks Kg/a
- Ftat (Teninal & PYY 10 L}
Lo
Frewae | IENh 17iE8 [
ecend B Cciicir ] 13443
Feenaany @ Districi [ l=cting 5635 [
Total: 20193 15446

* Thermal Blocks report chapter
* Project Energy Balance in weekly format
» Total annual energy flow display in the Energy Balance chapter
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* Environmental Impact report chapter

Energy Consumption by Targets

Target Name Cuanmty Primary Cost Emission

Primary

* Bar chart display option of the Energy Consumption by Targets and Energy Consumption by
Sources chapters

2.2 Difterences between ArchiCAD
Energy Evaluation and
EcoDesigner STAR

With the introduction of the new BIM Geometry Analysis and Building Systems manager, the
Energy Evaluation functionality integrated in every ArchiCAD also supports building energy
modeling based on multiple thermal blocks. This green functionality within ArchiCAD provides
full BIM to BEM workflow and allows users to evaluate their designs of any size or complexity
with standard compliant technology and get accurate overall results.

For those who want greater control over the sustainability features of their design, to participate
in the energy certification, and/or create highly efficient buildings that exceed mandatory energy
standards (up to the point of net zero energy consumption or even beyond), ArchiCAD extended
with EcoDesigner STAR offers support for expert building systems setup and detailed reporting.
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The limitations of Energy Evaluation in ArchiCAD compared to EcoDesigner STAR are the
following:
* Thermal Bridge Simulation is not available

» The Building Systems dialog only allows the input of basic system parameters — the expert
building system modeling functionality is not available

* On-Site Renewables are not available
* BIM Geometry and Thermal Property Data Export is only possible via IFC

* The basic Energy Performance Evaluation reports do not contain the energy performance of
thermal blocks (only the entire projects’)

* The Building Energy Performance Rating functionality is not available

ArchiCAD’s detailed building energy modeling capabilities may be fully utilized through the
EcoDesigner STAR add-on. Using the multiple thermal zone-based BEM & full HVAC
parameters input, EcoDesigner STAR offers detailed energy performance calculation and
reporting for standard compliant energy certification. It also supports highly energy efficient
building design (e.g. net zero energy buildings). Advanced energy performance visualization and
BEM export interfaces such as gbXML and PHPP allow full collaboration workflow with 3rd
party energy experts.

The essential workflow for EcoDesigner STAR is identical to the intuitive Energy Evaluation
workflow that is built into ArchiCAD. In EcoDesigner STAR, you will see the same user-friendly,
graphical input and dialog boxes that are familiar from ArchiCAD. Therefore, many chapters of
the EcoDesigner STAR User Manual can also be found in the Energy Evaluation section of the
Reference Guide for ArchiCAD.

The following are unique additional features of EcoDesigner STAR which are not available in
Energy Evaluation, and features which are specially enhanced for EcoDesigner STAR:

* Thermal Bridge Simulation

* Building Systems

* Building Geometry and Material Property Data Export

* Baseline Building

* Report Chapter Settings

* Energy Performance Evaluation — PDF Report

* Energy Performance Evaluation — XLS Reports
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2.3 EcoDesigner STAR Only Features

2.3.1 BIM Geometry and Material Property Data
Export

EcoDesigner STAR enables ArchiCAD model geometry and material property data export to 3rd
party building energy calculation software.

— — -} S — 0 T
TG PR T 3
L} i ; o3 B
i . | 1'[. I- |'_||:_. % -ii'ﬁr:
Export to gbXML... § (THag P alE] B A
Export to IFC k 1T e rl'?! L—!:'—.--—R.:'a r
. - e =3
Export to PHPP ) 1EE —L_'r 5 -
Export to SBEM 1 b i
Export to VIP-Energy... e i I

* Direct export to PHPP

* Direct export to iISBEM

* Export via gbXML

* Dedicated “Green” IFC translator

2.3.2 Thermal Bridge Simulation

2D heat-flow simulation with mesh adaptation technology on ArchiCAD details, to calculate
linear heat loss along the length of thermal bridges.

Poor Detail Good Detail
'Hm--ihulu L Shcw Resalh for
"H? Temparature  ['C] T Temperatsrs 01
* Erargy flow  Wm's] * Engrgy fow  MWImE)
= E | =
-] 4 B 12 1] 0 _
] 4 L ] 12 16 w0
Pl 14§ W/mE
- 034 W/
st il Swratioe FiT]
Sembes of Geratioen. 3217
Belator unbalance: 0000139 % L
Ang=rratey ldex 2217107 % : e L
Agymomptry mubes LISITIA N
Show Tyl for Show Resules for:
ﬂ' mmmmm wew  PC1 BT Temperatwre  ['C]
'“" [rergy flow  Mays's] W Energy flow  Wi="x]
| = E | - E |
000 091 186 280 373 466 000 046 051 139 186 233
Pas-vifien et Palvalue 0.34 WimK
M of Weratinns | 310
Wumber of iteratismy: - 527

Ritarve unbalance CLO0D1 10 %
Relative wnbalance:  0.0006E8 N

Ayyrmatry index 4217107 N
Avprmemainy index LTSINS N
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» Explore results in virtual thermo-vision or energy flow view

* Link thermal bridges to thermal blocks to make their effect count in overall building energy
performance

* Place thermal bridge simulation result on ArchiCAD detail, as a drawing

2.3.3 Expert Building Systems Settings

The Building Systems dialog in box Basic View Mode (this is a standard feature of ArchiCAD)
only contains the minimum necessary input parameters and is engineered for quick energy
evaluations. In Expert View Mode (this is an EcoDesigner STAR-only feature), however, the
Building Systems dialog box displays numerous building system setting options to accommodate
detailed analysis as prescribed by the relevant building energy simulation standards.

Erergy Zvalvarion - Bullelng Systzemis LD Heazlrg Systery Characteristles
| “l
Ergrerl e L] -
Cupply Termperature: —k a0 0
Mame aType B T Heiling Sellingy Petura Term pe ratune: — il i
& District haating Central i} i ) Faterrel Al Temperatura: 20 20
& Elecrrlc space heat e | 0 (=) Cantra Subtype: (= On Site Frui prent :
lr‘r.r © Spanehenlet .:l-mm ! YLoca 1% Builer ar Furnace 10
o Fireplae Cuntral o Z - || &elar Theeernal Coldbestar 5
& Cround heat pama Central 1] bt et siecibac | |¥ater Heat Pumrp ‘“'“'\,_‘
e
& | Cil boiler Central i |/ District ~eating i i ]
& Pellet fumace fw sol.. Central 0 T s T H"H“
& Wall-mounted gas b... Central 0 : o é 2 .
- = 1 ! e
£ Dlstrirt caoling Gentml D Contrel Twpe: Tempzrawre controlle... 3| i
£4 Rualiua chiller Cerntral o i e =
23 Wall-mounted AC unit Central q Gapecy 25000 w i
2% Window AT urie Central i Cireulation Pump Clectricity Derand: — §.00 4% v] el
% Froah ot ety Mechanical O Aercerilage © omina capadity %
P PEY gy | lincluee Service b ot-Warer Heatlng 2
'ﬁ Heak recowery vertiation Mechanical 0 i - s T 3 1 -
Qﬁ Maturz| ventl ztion Mot et sp... 0 I Ch |
Energy Source... |
— -18
¥ Acsigried Therrnal Boc ke, | Feterral &1 Teepwain

EcoDesignerSTAR’s Building System input dialog is truly scaleable and efficient to use, as users
can toggle between the Basic and Expert View Modes in case of every building system,
independently. This way, input information can be gradually added as the project progresses,
while only the relevant parameters are displayed on the user interface at all times.
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2.3.4 On-Site Renewables

These local, environmentally friendly methods for generating electricity enable excellent energy
results or even net zero energy building design.

* Photovoltaic Panels

o060 Energy Evaluation - Building Systems
Expert view v
3 e aType | T ¥ Solar Photovoltaic Setting Munocrysta-lling
@ Central heating Central 7 Type: " ::\,:rr:;;aul:ne —|
& NYS Not yet sp... 1 ' F
) Cooling sysham Cantral 5 Nominal Peak Power: 150 'W/m?
& Natural Not yet sp... 6 Nominal Efficiency: 6 %
@ Attic_Natural Notyetsp... 1 Temperature Coefficient: Cosa | %rc [
@ Basement_Mech Mechanical 1 Panel Area: [o.54 o
@ Flats_Natural Not yet sp... § :
@ Offices_Fresh Air Mechanical 1 Angle to 50'_-‘“"1 ﬁ Tilt Angle:
& Retail_Mech Mechanical 1 ! & 0.00° ﬁ._ 125.00°
(® Staircases_Natural Not yet sp... 1

*  On-Site Wind Energy

B e — B ¥ Wind Energy Settings
@ Offices_Fresh Air Mechanical 1 Type: 7 Vertieal Axds |
@ Retail_Mech Mechanical 1 P — Horizontal Axis r
(# Staircases_Natural Not yet sp... 1 ) ) ’ e e
o Wind turbine Veitical Rals = Nominal Windspeed: 50.00 mfs  [v]
|{§} Photovoltaic Amorphous - i Windspeed Limit: |80.00 m/s

The Renewable Building System Summary chapter of the Energy Evaluation Report helps users
to showcase the benefits of on-site renewables and other sustainable solutions applied in the
design project.

Renewable Building System Summary

Building System Annual Energy Generated Renewable Energy Cost
kWh EUR
|# Photovoltaic system 1763 ' 0.0
@ Solar thermal system 15881 l 0.0
I Total LEED Renewable Energy: 17755
Total: 17755 0
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2.3.5 Building Energy Simulation using Standard-

Compliant Analysis Engine

EcoDesigner STAR’s analysis engine complies with ANSI/ASHRAE Standard 140-2007
Standard Method of Test for the Evaluation of Building Energy Analysis Computer Programs.

ASHRAE 140 Standard Compliance documentation - example

ANNLUAL HEATING LOADS [MwWHI

uise

W ELAST

ECEY

LS

= SERIRES

= aaras

= TRMEYL

® TASE

" YIP-Energy

320 iz 244 £ ) iTa 230 o 3040 auc EFL1] 395 4 410 430 430 |50 &0 g0
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FRELFLOAT CASES
HOUALY ANNLAL FOKE TEMVPERATURE BN DATA
CASE 3006 F

This test method represents the industry standard for the quality assurance of simulation accuracy.
It is referenced by most major sustainable building design regulations worldwide, including
LEED, Green Star, BREEAM, DGNB and CASBEE, as well as most national standards that
endorse dynamic simulation (e.g. ASNRAE 90.1, NatHERS, BCA Section J).

The live test documentation will be available for download from the official product website.

2.3.6 Energy Performance Report of Thermal
Blocks

Besides calculation output on the project level (a standard function in ArchiCAD 17’s Energy
Evaluation), the detailed Report PDF (an EcoDesigner STAR-only feature) is capable of
displaying thermal block level output data. This enables users to not only monitor the entire
project’s energy performance but also to control the behavior of spaces (or groups of spaces)
independently, in order to truly optimize them for their specific purpose within the building.
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HVAC Design Data

EcoDesigner STAR technology enables architects to calculate the energy demand of their
buildings effortlessly. Furthermore, only the BIM, its thermal blocks and their usage patterns
(Operation Profiles) are needed as input to determine the necessary Building System sizes for any
project! This information then can be used to precisely define the Building Energy Model’s

systems for fuel consumption, primary energy, CO2 emission and operation cost calculations in a
later design phase.

B8.2 66.3

I 599,
All Thermal Blocks 115994 N6 Fa 35274 16:00 Aug. 14
Number of Used Hours in Year: Unmet Load Hours in Year:
Heating 6718 hirs Healing 0 hirs
ling 2624 I ~oohing 0 hrs

HVAC Design Data

Heating Demand | Cooling Demand | Internal
Thermal Block Yearly Hourly Yearly | Hourly Temperature
[kWh] Peak [kW] KWh] | Peak[kW] | Min.[°C] | Max [C]
. 17 | T 120 | y
E-’_::| Storage basement 1618 { : (] s A
06:00 Feb. 01 01:00 Jan. 01) 16:00 Aug. 2¢
12 .4 10 12 |
[ Hrcas: Ul Fi { D0 Jan I0 Juir
2.4 12 1
[ 1l | ! 14482 o

Thermal Block Key Values

Including: Annual Demands, Peak Demands and Internal temperature extremes with date and
hour of occurrence, plus Unmet Load Hours and Degree Days.
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Thermal Block Energy Balance

Control the energy performance of the spaces within the Virtual Building. This option enables
users to find the most energy efficient geometry, orientation and zoning.

Project Energy Belance

Suppled Energy per Week

ui’.!u.il

4 a8 F 16 20 2 40
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Thermal Block Energy Balances
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Daily Temperature Profile

Monitor the hourly temperature inside each thermal block for the entire reference year.

L

(]
# @ a2 8 & W U W W oW N O e

e o e o e e o ]

B T & & 3 W U H W W PRE N NEs

iy b

{2 B e B 2w w2 i i e an mw am 2n 2m 2w 2n me o am ae am
" @ 3 4 & § W T W W W M N N

Free Float daily internal temperature curves of the same project:

» with Poor Architectural Solutions
internal temperature is rarely within the comfort range

001 New Thermal Block - April 6 c

30 Z External temperaturs
Min: D.60, Max: 18.30. Avg: 10.06

33 Z Internal result temperature
Min: 6.66, Max: 47 .82, Avg: 25.31

18 . Internal temperature rangs

1 1 1 1 T 11 1 1 T 11 [
] 2 4 6 = 10 12 14 16 18 20 22 24 [Hrs]

Unmet Load Hours
Heating: 2602 hrs/a
Cooling: 2662 hrs/a
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» with Optimized Architectural Solutions:
internal temperature is often within the comfort range

001 New Thermal Block - April 6 C
40 Z Extemnal temperature
Min: 0.50, Max: 18.30, Avg: 10.06

26 4 Intemal result temparatura

‘/,.——-—'_‘—-—_.___\_ Min: 15.43, Max: 23.70, Avg: 19.76

B Internal temperature range

0 2 4 € g 10 12 14 16 18 20 22 24 [Hrs]

Unmet Load Hours
Heating: 1207 hrs/a
Cooling: 1242 hrsfa

You can simply run simulations using operation profiles that contain no internal temperature
limits on design variations of a project. Choose the variation with the least Unmet Heating and
Cooling Load Hours in order to find the best architectural solution set (combination of building
shape, zoning, orientation, materials etc.) for the specific location and design task.

2.3.7 Standard Compliant Building Energy

Performance Rating

EcoDesigner STAR’s performance rating functionality complies with the standard ASHRAE
90.1 2007 Appendix G: Performance Rating Method as referenced by USGBC LEED — Energy
2007. Furthermore, it can be used to execute Energy Star Primary Energy Consumption and
Greenhouse Gas Emission and AIA Sustainable Practice in Architecture 2030 Goal fossil fuel
consumption calculations.

Compare your building’s energy efficiency with the performance of a baseline version of the
same project (specified freely by the User to comply with minimum requirements or to represent
the statistical average for similar constructions).

Performance Rating Workflow

* Save the Baseline Building’s energy simulation results as Baseline Building reference data
file

+ Import Baseline Building data

* Use EcoDesigner STAR to automatically rotate, recalculate and document the baseline
building three times, as specified in the ASHRAE 90.1 standard (optional)

* View the results of the comparative calculations
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Performance Rating Report Chapters

Baseline Performance

Baseline Performance

Easeline Des|
Energy Type Annual Energy & Lot
Peak Demand 0° a0° | 180° | 270° |  Average

m , |Energy Use (kWh) | 8578 B452 | 1862 | 6301 5798 |

External Air — — — — !
|Peak Demand (kW) 8 g 3 ] 4

Energy Use (kWh) | 5734 BOS3 | e456 | 5909 8045 |

Natural Gas e e e e e r——y

|Peak Demand (kW) | 3 4 4 3

. [Energy Use (kWh) | 2855 2737 | 1872 2547 2453 |

Electricity | I ! ! ! ! |
|Peak Demand (kW) 2 3 i 2 1

Total Energy Use: (kWhia) | 16967 16272 [ 10100 14757 14206 ‘

Baseline Energy Costs

Baseline Energy Costs

Baseline Cost Baseline Building
Energy Type 0* a0 180° ' 270" Performance
EUR/a | EUR/a EUR/a EUR/a ‘ EUR/a (average)
Natural Gas 329 ' 349 371 ' 339 . 347
B Eiectricity 414 427 202 397 I 382
sum: | 743 | 716 | 663 | 736 729 |

Performance Rating Table

Performance Rating Table

Enargy Usae Units Proposed Design  BaselLine Building Savings
Results Results Y
) Energy Use (K'Wh) 76.16 493475 98.46
Heating
Peak Demand (kW) 166 a4 56.66
_ Cnergy Use (kKWh) 156.60 4763.31 96.50
Cooling
Peak Dernard (kW) D90 2.64 T332
(e [ ; i ETI
Service Hol-Water Energy Use (K\Vh) R M9 JU.00
Pealk Demand (KW) nar naa anon
i Energy Use (kKNhj) 1.26 31536 99.60
Ventilaton Fans )
Meal Demand (KW) D01 .04 85.69
Enengy Use (K\AH) 68.90 413.42 83.33
Lighting e - o
Heak Demand (kW) oz .14 84.93
) Fnergy |se (kK'Wh) 7208 RA9 M4 4F 00N
Equipment -
Peak Demand (kW) 013 024 46.00
Total Annual Enengy Use: (KWh/a) 1462.88 12227.03 88.04
Annual Mrocess Encrgy. (KWhia) 44099 1102.46 €0.00
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* Energy Consumption and Savings

Energy Consumptions and Savings

2.3.8 Customizable XLS Report

Besides the PDF calculation result documentation, EcoDesigner STAR also produces a spreadsheet
that can be set up to include any or all calculation inputs as well as energy simulation results
(including hourly simulation output) for the purpose of in-depth analysis or post-processing.

Proposed Design Easeline Euilding Saving
Purchasad Energy Energy Use Cost Energy Use Cost Energy Use Cost
EURfa EUR/a % Yo
Nalural Gas (s\Vh) C 0 6043 347 100 100
Ekeclicily (KWWh) 110 17 2453 382 96 96
F Subtotal: (kWh) 110 17 8499 730 29 98
Energy
On Site Renewable Energy | Generated | Enargy Cost
Kwhia EURfa
@ Photovoltaic system 389 0
@ Biofuel-based heating 853 53
| Subtotal: 1243 53
Proposed Design Baseline Building Saving
Energy Use Cost Energy Use Cost Energy Use Cost
kKWhia EURYa kKWhia EUR/a % %
Total: 1353 17 8499 730 84 | 98

——

Report Options

Select spreadsheet(s) to report:

Project - Key Values
Climate Data

Compliance Report

0000000000008 0O™

Unmet Load Hours

Project Results - Monthly
Project Results - Weekly

Project Results - Daily

Project Results - Hourly
Thermal Block - Detailed Inputs
Thermal Block - Operation Profile
Thermal Block - Key Values
Thermal Block Results - Monthly
Thermal Block Results - Weekly
Thermal Block Results - Daily
Thermal Block Results - Hourly

Performance Rating Details

Close

ok |
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2.4 EcoDesigner STAR Worktlow

2.4.1 Prepare the Architectural BIM for
EcoDesigner STAR

For successful evaluation, the building model must contain at least the enveloping structures and
fenestration, as well as all major internal structures that represent significant heat storage mass.

Furthermore, ArchiCAD zones must be placed in every conditioned space of the building, since
the model’s geometry analysis is based on these ArchiCAD zones.

The Energy Model Review works only on visible elements, so you must define an ArchiCAD
view dedicated to the energy model. Use layer visibility to achieve the view you need. Make sure
that zones are visible.

Note: Marquee selection does not filter building elements for the purpose of Energy Model
Review.

2.4.2 Define Thermal Blocks

Spaces are represented by 3D Zones in the ArchiCAD Building Energy Model. For Energy
Evaluation purposes, you will group these Zones together in “thermal blocks”, using the Thermal
Blocks page of the Energy Model Review palette (Design > Energy Evaluation > Energy
Model Review).

Thermal blocks are a collection of one or more rooms or spaces in a building that have similar
orientation, operation profile and internal temperature requirements (also called thermostat

control requirements). Zones need not be contiguous to be combined within a single thermal
block.

2.4.3 Automatic Analysis of Geometry and
Materials

After the thermal blocks have been defined, the architectural model (BIM) is transformed into a
Building Energy Model (BEM) by the automatic model geometry and material property analysis
functionality of ArchiCAD. This analysis does the following:

» analyzes the visible structures and openings according to their orientations and positions
relative to zones and generates the space boundaries on them. (Space boundaries describe the
building’s geometry in a format that works for energy simulation input.)

» populates the space boundary lists. Structures and Openings are automatically listed with their
properties that are relevant for the energy evaluation.
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2.4.4 Assign and Input Additional Data to
Complete the BEM

The Energy Model Review palette is the main user interface of ArchiCAD’s EcoDesigner STAR
function. Use the palette to edit the input data for the building energy simulation, as well as to add
information:

* Assign Building Systems and Operation Profiles to Thermal Blocks

* Space boundary property settings
Note: Most space boundary properties are extracted from the architectural model by the
automatic model geometry and material property analysis functionality of ArchiCAD. Space

boundary property settings allow users to fine-tune this data and add information that does not
come directly from the architectural building model.

» Structures property settings: Use the U-value calculator or U-value override functionality and
the Infiltration and Surface material settings to define the physical properties of the opaque
space boundaries listed on the Structures list.

* Openings property settings: Assign Frame and Glazing performance data to fenestration from
the Openings catalog. Select Shading devices from predefined databases to complete the
Openings list.

Besides displaying the Structures and Openings list, the user-friendly Energy Model Review

palette also contains links to dialogs.

1al Blocks

]
ta= | == m B Operation Profiles...
=] . |
FEGuaningmg B . Environment Settings...

~ i~ Climate Data...

% Building Systems...
€ Energy Source Factors...
&5 Energy Costs...

¢ Thermal Bridge Simulation...

| &% Energy Simulation Options...

These Additional Data Input dialogs enable quick definition of the following parameters needed
to run the EcoDesigner STAR:

* Environment Settings: Provides links to the Project Location, Climate Data and Wind
Protection dialogs. Grade level, Soil and Surrounding surface types are also set here.

* Operation Profile: Select the building’s function(s) to assign related Internal temperature and
heat gain profiles in the Operation Profile dialog. If needed, customize an Operation Profile to
fine-tune occupancy according to local regulations or to match actual building usage.
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* Building Systems: Provide information essential for the energy calculation, regarding the
building’s MEP Systems (for heating, cooling, ventilation, hot water generation)

* Finally, in order to enable primary energy, CO2 emission and energy cost calculations, define
the Energy Source Factors and Energy Costs, using the dedicated dialogs.

2.4.5 Evaluate Building Energy Performance

Click the Start Energy Simulation button of the Model Review palette to start the Energy
Performance Evaluation of your project. The built-in, certified VIP-Core engine executes the
dynamic energy simulation that calculates the building’s hourly energy balance and outputs a
Building Energy Evaluation Report. The report contains information such as the project’s energy-
related structural performance, yearly energy consumption, energy balance and carbon footprint.
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3. Direct BIM to BEM
3.1 The Architectural BIM

To be able to perform a successful evaluation with EcoDesigner STAR, you must create the
virtual building model in ArchiCAD. The more detailed the model, the more accurate the
calculation results will be. For successful evaluation, you should model, at minimum, the
enveloping building structures and openings as well as the major internal structures that represent
significant heat storage mass.

3.2 Internal Space Zones

Create a zone in every conditioned space of the building, using exclusively the Inner Edge zone
construction method. EcoDesigner STAR 1is not compatible with zones created with the Manual
construction method. The zones must be directly adjacent to the surrounding elements’ surfaces,
therefore the Reference Line zone construction method is not applicable for energy modeling
either.

Default Settings [‘Ea

|@i® zones >

Construction Method: Manual, Inmer Edg'e‘
Reference Line

Info Box

Zone construction methods ArchiCAD zanes inside the project's internal spaces

3.2.1 3D Zone Boundaries

When placing zones on the floor plane, make sure that they are completely enclosed by zone
boundaries.

* All ArchiCAD walls (including profiled curtain walls) automatically behave as zone
boundaries.

*  When using Slabs as bottom or top zone boundaries, make sure that the zone level and/or
height are set so that the horizontal zone surface(s) touch the inner edge of the Slab(s).

» If Roofs, Meshes, Shells, Morphs or ArchiCAD library objects are used as zone boundaries,
an additional interaction is required besides just creating the zone. In such situations:
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* Draw the zone manually, making sure that it extends beyond the Roof, Mesh, Shell zone
boundary elements completely.

* Use a command from the Design > Connect menu, such as Trim Elements or Solid Element
Operations, to shape the zone with the selected zone boundaries and establish the connection
between them.

| ‘ /
— w ) /__,:-'_"j' ‘:

(- ——|

Walls as zone boundaries Walls and line as zone boundaries

3.2.2 2D Zone Boundaries

It is also possible to define lines on the floor plan as 2D zone boundaries. Select the line(s) you
want to behave as zone boundaries and tick the Zone Boundary checkbox on the Line Selection
Settings dialog.

_ Line 3elzction Settings - - =
Favarites... Seleced: 1 Editable: 1

Uniferm Settings for Line Tools

- _-t-_-_: General Settings

Sald Lne 3 J 20| IE]

[¥] Zome Boundary

Line Selection Sertings - Zone Boundary

There are a number of modeling scenarios that make it necessary to define lines as Zone
Boundaries. For example:

*  Modeling perimeter zones in Core and Shell projects
* Atria in buildings
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» Spaces that contain several, dramatically different floor and/or roof levels

. ON|Ne | e | CHINCG | BE | =alln= -
- laggﬁ @8 | CHIRPC [ B8 | BHIH= -
=18 | peEIigrE | Bld < D

Attic space with different floor and roof levels

3.2.3 Update Zones

Use the Update Zones command on the left upper corner of the Energy Model Review palette
after altering the geometry of zones or zone boundaries. This will ensure that the energy model
reflects the up-to-date state of the ArchiCAD model.

-I EI % Update Energy Model Review
P = Update Zones.._____|

3.2.4 Zone Modeling Conventions

* Model multistory internal spaces (e.g. staircase blocks, atria) with separate zones on every
ArchiCAD Story.

/]

|lmEE O

Staircase — modeling of mulristory internal space
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» Adiabatic walls are walls of the building shell that separate heated spaces. They are called
adiabatic due to the absence of heat transfer through them. A typical example is a fire wall
separating row-houses or other adjacent buildings.

In such situations, model the surfaces of the neighboring building that are adjacent to your

building, with thin ArchiCAD zones. Use a separate zone on every story of your project.

3.3 Building Energy Model View

The Energy Model Review only works on visible elements; therefore it is necessary to define an
ArchiCAD view dedicated to the energy model. Use layer visibility to achieve the view you need.
Make sure that zones are visible.

Note: Marquee selection does not filter building elements for the purpose of Energy Model
Review.
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Buildmy Energy Model Trew

The Building energy Model View must display all the parts of the building that you want to
include in the energy evaluation (internal space zones, building shell elements, internal structures
with significant thermal mass, site mesh) and none that you do not (furniture, zones other than
those representing the conditioned spaces of the building, separate parallel ArchiCAD elements
representing composites).
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3.4 Automatic Model Geometry and
Material Property Analysis

3.4.1 Space Boundary Generation

Just select Design > Energy Evaluation, and the Automatic model geometry analysis function
automatically turns the ArchiCAD building information model (BIM) into input for building
energy modeling.

Before the Energy Model Review palette appears, ArchiCAD analyzes the visible structures and
openings according to their orientations and positions relative to the zones that represent the
internal spaces, then automatically generates the space boundaries. These space boundaries make
up the contents of the Structures and Openings lists of the appearing Energy Model Review
palette.

Note: When EcoDesigner STAR is selected for the first time on a project, ArchiCAD
automatically puts all visible Zones into a default Thermal Block. This represents a single
thermal block (simplified) building energy model.

See Create Thermal Blocks for details on how to define a detailed energy model that contains
multiple thermal blocks.

3.4.2 Update Energy Model Review

Use the Update Energy Model Review command on the upper left corner of the Energy Model
Review palette after redefining Thermal Block data, or after altering the geometry of ArchiCAD
Structures or Openings boundaries. This function regenerates the space boundaries, ensuring that
the energy mode reflects the up-to-date state of the ArchiCAD model.

Energy Model Review - Structures [
‘ @ Hl‘ m % Update Energy Model Review \@|

¥
T Struchires Update Zones...
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4. Building Energy Model Review

The Energy Model review palette is the main user interface of ArchiCAD’s EcoDesigner STAR.
It contains three tab pages that display input data for the building energy simulation. Use the tab
pages to edit as well as to add information to this calculation input data.

Energy Model Review - Thermal Blocks =]

@ [2)) BT
General function buttons of the Energy Model Review palette

Besides the three main tab pages, the Energy Model Review palette also contains:
* General function buttons:

* BEM visualization options

* BEM update options

» Tab page view switch

» Links to the Additional Energy Simulation Input dialogs

» Tab-page specific functions: see the following sections for details.

4.1 List and Tree Tab Page View
Options

Use the Show Energy Model in list or tree view function buttons of the Energy Model Review
palette to toggle between the two available tab page view options.

Energy Model Review - Thermal Blocks B
CAER EIEN
By Thermal Blocks ﬂ Structures | [JB Openings f

Show Energy Model in list or tree view ‘

These view options display the energy simulation input data in two different ways, allowing for a
wide variety of user interactions. Most interactions (data assignments, overrides, adjustments etc.)
can be performed in both views, while others are view-specific (e.g.: rearranging data according
properties is only possible in List View, drag-and-dropping zones into thermal blocks is only
possible in Tree View).

4.2 Thermal Blocks Tab Page

For EcoDesigner STAR purposes, you will group ArchiCAD Zones together in “thermal blocks”.
Thermal blocks are a collection of one or more rooms or spaces in a building that have similar
heating or cooling requirements - also called thermostat control requirements. Thermal blocks are
represented by groups of 3D Zones in the ArchiCAD Building Energy Model.
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The Thermal Blocks page of the model Review Palette lists thermal blocks with all their relevant

properties.

Energy Model Review - Thermal Blocks

(e b][e]

(s} 4 Name
§ oo1 Storage basement
002 Staircases

003 Retail 1

004 Retail 2
l 005 Retail 3
006 Retail 4

007 Office 1
! N0R Office 2

E[=e

¥ Operation Profile

unconditioned

Personal office

Personal office

{ [ Thermal Blocks | LT Structures [ Openings |

Zones Area [m2] Wolume [m3] Uncovered Area [m2] Building Systems E

8 1122.40 3142.72 5.40 & :.::.: m
Circulation and traffic areas 32 747 60 2222.08 134.24 é :.E% @
Retail shop/department store 2 432.13 1373.18 0.56 1-}3 @
Retail shop/department store 1 109.94 409.79 - g% @
Retail shop/department store 1 111.02 413.90 - 2@
Retail shop/department store 2 429.97 1366.05 -= %3 @

1 137.84 385.95 0.56 oL@ 4

1 13R.92  38R49R = A 2% (2 b |

o)

_r Start Energy Simulation v!

9]

Thermal Blocks Tab Page in List View

In Tree View, users can see the Zones that make up the thermal blocks as well, if they select the
dropdown arrow by the thermal block’s name. If a thermal block is selected, its properties are
displayed on the bottom of the page, in the Thermal Block Properties section.

Enzrgy Model keview - Thermzl 3locks

e)e

hd

-

[ Fm Thermal Blocks

L Structures = [E Openings |

[y d_7 -1 stcrege
[gq I8 -1 stcrege
[<hd_49 -1 stcrege
[ 240 -1 sterege
[<qa_/_ -2 stcrege
[ J_8_-£ sterege
[<ha_49 -2 storege
[y 220 _-2 stcrege

L 3 C0Z Smaircases

C03 Retail 1

L 3 Co4 Retail 2

(0L Storage baserment

A
v

Ak ak b

e

Supply Building Systerns

B @] %

v Thermal Block Propertics

System Typa
. Heating
:-:}gECooling

@ “entilation

Storage hasement m| unconditionea

System MName

Free flaat
Free float

Mech vent_Bascment

J
=]
5

Start Energy Simulation

-
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4.2.1 Create Thermal Blocks

Use the Add new Thermal Block button to create a new thermal block. Its name and ID can then
be entered in the list.

004 New Thermal Block |Not Defined »0 + [0.00 0.00

v

@ X
————————— Add new Thermal Block
Start Energy simuiation v

To assign Zones to the thermal block:

* Drag and Drop 3D Zones into Thermal Block (in Tree View)

» Use Find and Select to Select Zones and Add Zones to Thermal Block (in List View)
Note: Zones need not be contiguous to be combined within a single thermal block.

4.2.2 Thermal Blocks Data

The Thermal Blocks tab page can be viewed in either table or tree form. There are two kinds of
data types on this page:

* ArchiCAD model data types (coming directly from the BIM): In case of Thermal Blocks:
Number of Zones, Floor Area, Volume, Uncovered Area

» Additional data types (assigned to the Thermal Blocks list entries by the user): Thermal Block
ID and Name, Operation Profile, Building Systems

See Thermal Block Property Settings.
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4.3 Structures Tab Page

The Structures tab page of the Energy Model Review palette lists the space boundaries on the
building’s external and internal structures, with all their physical properties that are relevant for
the energy simulation. The opaque panels of curtain walls also appear on the Structures list.

(2] For gy Vinel Beview = S aes
_e.l-. .°'| |Er?| .ﬁ}“-.
B Thermal Bocks | [ Structures | || Cperings |

Thermal Block +a Or etation Catcgery Tyee Namre Arze [ 7 Correction |, Taickmes .. L-valuc [Wirr 2K] In= lerzticn [1/sm2] Solar Abscrptance [W |b

[ 201 Storege base . 1omer (001 Storaye basement) _]lr e il wasal o] sew. SE120 0.00 00 @ 2% m——— e 0

| 201 storage kaze... Undarg-outd -Urdntgr:urd Caap) &uall Bl sox. 55365 0.00 4c0 =1} - -

| 201 Storage base... Underg ouid W Frozr cze 0w grade G T sow. 519.20 0.00 5C0 @ L6
33 A East Jp H eserna @ Rzof [T mof, .. 33.31 000 159 g 025 110 85.00
U3dAne West Up I eternat i rzof IR -oof, ... 3537 uLe sy e o2y L1y B3.U0 |
114 Offiez ¢ Inner (UDZ OF 2 3) B rtena cisiab T sow. 25596 U.LO e W20 i} 3 I
208 Offiez 3 Imer (002 Retail 1y Hirtena Casiab T sox. 255.96  0.00 0 W 290 o] 1 |
205 Officz 3 I nes {012 OfFce 73 Wirtena Zashb T G0N, 23596 0.0 o W 290 0% -
2071 Reenil 1 1rner (NOZ OFE e T) Wirtesna gasiah T o %96 000 rn @70 T .
77 O s F Vi (M5 O e 100 Wriena s T[T s 7538 N0 0 @790 % - |
TOE Retail 4 Inmer (012 OfT ce 5) Wrrena WSSl sex 254.38  0.00 2co @ 290 oE ——
2 Officz 10 I7ner (012 Of*ca 5) Wl irrena a3sab of sow. 254.38 0.00 260 @290 o% e 1
Iz offcae I*ner (002 Racail 1) Hrena Gsuab T sos. 254.38  0.00 2c0 @290 oK - ',

{ “01storaqe base... 17ner (UU 313 reases) Ertena gwal T sow. 21540 ULe aHo 20 %
0 Sta reases Inmer (03 storaqz casement) [ rterna g wal T sew. U & 290 in
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Start Energy Simulation - |
Structures Tab Page in List View

48

EcoDesigner STAR User Manual



Building Energy Model Review

The Tree View of the Structures Page shows exactly which External and Internal Structures
belong to which thermal block in an easy to understand, graphic way. If a structure is selected, its
properties are displayed on the bottom of the page, in the Structure Properties section.

(2] Ena-gv Model Feviaw - Siructures
& || [ar == g
"Iy Thermal Blocks | LT Structures | [ Openings |
I 001 Swrage sesenent m
COz Steircases |
COZ Retai L |
B Extarral Structures |
|
:ﬁ srraighr Wall - Fwisting :
£ Straighrwall - Exlcting |
g Straiuht Wall - Existing |
g Straight Wall - Existing i
o3 lab - Existing
& Ctraight Wall -~ Ewisting
S5 traight Wall - Emisting
j Inzernal 3TrLCTLres
%3 3lak - [xisting
Eig ftraight Wall - Cwisting
g Straight Wall - Existing
o3 Slab - Existing
% slah - hashng
:ﬁ straight Wall - Esisting
C0< Relai 2 ]
I cof Retai 3 v
Arez threshald: il Mt &
Ltruriire Froneties
Trrerimal Bluck 003 Retail 1
Oricntation West
Iype g wel
Permne Elsn= 12307900
Arza 05,46 m?
1MickrEss 400 mm
L~valLe T OLZ W MER
Irfilerat an L1C1 22
Solzr Absongtance BE.00
[ Start Energy Simulation v_'

Structures l'ab Page in I'vee View

4.3.1 Structures Data

There are two kinds of data types:

* ArchiCAD model data types (coming directly from the BIM): In case of Structures: Thermal
Block assignment, Orientation, Space Boundary Category, ArchiCAD Element Type,
Complexity, Name, Area, Thickness, Renovation Status

» Additional data types (assigned to the Structures list entries by the user): U-value/R-value,
Infiltration, Solar Absorptance, Correction-area

See Structure Property Settings.

Show or hide any of these data types as needed:

» In tree view: right-click any Structure Properties list item to show or hide the data types
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* Inlist view: Click the arrow pop-up at right to show or hide the table columns

iltration (I/sm2] ¥

+ Thermal Block
v Orientation

v Category

-— v Type

10 . Complexity

4 v Name

T ¢ Area [m2]

peinid v Correction - Area [m2]

'ﬁ_ v Thickness [mm]
wulation v ¥ U-value [W/m2K]
——————— « Infiltration [I/sm2]

v Solar Absorptance [%]
Renovation Status

Reset list columns

One Structures List entry usually consists of multiple Space boundaries. All Space boundaries
that are identical in all their ArchiCAD model data types are aggregated in a single Structures List
entry and appear with the sum of their areas on the list.

—_—
" & Thermal Blocks | L Structuras| [8 Openings | ;
Thaermal Block s Orientation Cateqeny Tyoe Hame Area [.. ¥ Correct on... Thicknes... L-value [W/m2H] nfiltration [I{sm2]
Qo0 searage hase Undergronng . Finar ikl e gradel) w3 slah S0¥ 319.23  oon =00 G 116 —
fC33 A East Up [ Extermal i Rl wf, . 33131 0.00 189 T 025 LLD
033 Attic West Up Excternal g ) > -EIPED
€13 Office 7 Inaer (009 Office 3 [ irtzrnal Slab [ 50% . 25505 0.00 200 @ 290 0% -
C03 Retail L Iner (D09 Cffice 3 [ irtanal aSlab [ ]s0% .. 25595 0.00 200 280 0% :
— alr
Area thresheld: 0.00 m! les]es
[ Start Energy Simulation vl

In list view, you can rearrange the list according to any property by clicking on the property’s
headline button.

50 EcoDesigner STAR User Manual



Building Energy Model Review

4.3.2 Area Threshold

To filter out structure or opening list entries of negligible area, enter a value in the “Area
Threshold” field at the bottom of the Structures list. Entries whose area is smaller than this value
will not be listed, and will not be considered by the calculation engine. (If you later lower this area
threshold, the filtered-out structures will reappear as applicable.)

Setting an Area threshold will help you filter out small areas that are insignificant for energy
evaluation, resulting in a more manageable Structures list.

4.3.3 Structure Area Correction

The Structures tab page of the Model Review palette has a data type for “Correction-area”. For
any listed Structure, you can adjust the area by entering a positive or negative value in this
column. The value of this item in the “Area” column will be adjusted accordingly; this corrected
Area value (if positive) will be used by the calculation engine.

4.4 Openings Tab Page

The Openings tab page of the Energy Model Review palette lists the space boundaries on the
building’s external openings, with all their physical properties that are relevant for the energy
simulation.

[4] EnEzy Model Raview - Cpening:

e D

| ¥ Thermal Rlncss | [T Structurss “B;Mrlng\-]

Thictna Blouk Solic dmalys » & Oriesi.. Tyou Olaged Atea . *v Claging U-vauy . TSTR DETY Oppaiin Aved . Ogaiicm U= Tule e, - Cweia | U= Paiiratber. .. Suriieter Pui=... Shading Devles Iniluation b
14 Wetal 1 o Ve Fast M wamdrw 4= e R =200 RO i 21 T 2am REOOIN 0K P 1L O
208 Reail £ o Dome East Hvindow 3522 2.8) 82.00 63,00 amn 21 37.05 289 2650000 0.18 Maarms 0.50
204 Retall 2 v’ Dont East O wmdow 2128 .80 82.00 62.00 Las a1 22.80 201 LO000.00 0.18 Nont 0.50
205 Retail 2 o Done East B Window 2135 .80 a.00 GE.00 145 21 22.80 291 Le000.00  0.18 Mone 0,50
202 Suaircises ,/ Cone East a\wn::w 1 B2 .80 82.00 63.00 Lis 21 16.00 292 L5400.00 0.18 None 0.50
A Naircrws  of llane Faat = AR P 00 M (B .18 211 [ L PhamELEn 08 Prune 140
02 Sdinaws o Dune Eazt HWndow 1133 28D 82.00 69,00 108 .l 300 294 L1900.00 0.18 M 0.50
1garerws o lame Fast O wamdve 1104 < =200 B0 1A 21 100 20 (BT T R P 1.0
202 Baircases o Dume East B Vhndow 10 =7 .80 82.00 658.00 133 21 12.00 294 1340000 0.18 Maarms 0.50
202 Salrcascs " Dome Cast O wmdow 1027 .80 82.00 62.00 L3 .l 200 2,04 L}400.00 018 o 0.50
302 Saairczses o Dome East & Window 10 57 2.8 a2.00 G5.00 13 21 12.00 2.94 L}400.00 0.18 Mone 0.50
202 suaircises o Dome East Hvandow 1027 .82 82.00 63.00 L3 21 12.00 2.94 13400.00 0.18 None 0.50
/umireaws o lone bast [ L LR TV 400 M [ET (B 1] 20 L 29 (R LT P 11450
232 Saincess o Dune East & Winduw 1057 2.8 2.00 65,00 L33 11 12.00 2.9 L3400.00 0.18 Masrms 0.50
NBairerees o llame Fast M vamdne 10 SN #2000 BIALIND 104 21 2.3 L0 (RS LU RE [ .40
202 Badicases o Dome East HWndww 1057 .80 82.00 69,00 10 21 1200 204 L300.00 0.18 Masrmy 0.50 a
'::E Swalrcises o Dome East M Window 1027 .80 82.00 62,00 1,03 2.1 12,00 2,94 L3400.00 0,18 O 3 0,50 4
_| Shew urifnrm Irems as a sing e entry
5 | Total arca threoglds 0,00 m*
Start Energy Simulation _'r_'

Openings Tab Page in List View
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The Tree View of the Openings page shows exactly which Doors, Windows and transparent
Curtain Wall panels belong to which thermal block in an easy to understand, graphic way. If an
Opening is selected, its properties are displayed on the bottom of the page, in the Opening
Properties section.

H Energy Model Review - Opznincs

=

| Iy Tharmal Rlarks 1T Strurtures | JBOpanirgs ]

CO Stoage kasarrent
002 Staircaces m
H Doar:
B Windwws
EHWE - 035 - Existing
WL - 035 - Existing
EHWE - 034 - Existing
H WL - 034 - Existing
B WL - 034 - Existina
Hwu - 34 -kxisting

I Show unifarm items ac a single entry

EI Total area threshold:  C.0D m’
-

Np=ning Froperties

Thermal Block 002 Eraircases
Solar Anzlysic vf' Cen Analvs e .
Orientatinn Fist
Type E Window
Clazed Area 10.97 m2
Opening Catalag...
Clacing U=value 280 WimZK
Tutal Solar Transrmillarioe BlL.OO %
Cirect Solar “ransm ttanez E9.00 %
Opagque Area 103 m2
Prrirmmeie 11407070 im
Cinacie -values 201 WimZK
Total area 11.00
Overd | U-value 294 WImzK
Perimetar Fsi-value 018 Wink
Shading Dewice Marne
Infiltration 05D jsm

[ Start Energy Simulation -

Openings Tab Page in Tree View

4.4.1 Openings Data

The Openings List can be viewed in either table or tree form; each column represents a data type.
There are two kinds of data types:

*  ArchiCAD model data types (coming directly from the BIM):

In case of Openings: Thermal Block assignment, Solar Analysis results, Orientation, ArchiCAD
opening type, Area (Glazed, Opaque, total), Frame perimeter, Renovation Status.

» Additional data types (assigned to the Openings list entries by the user)

In case of Openings: Total and Direct Solar Transmittance, U-value (for glazing, opaque areas,
perimeter and overall), Perimeter Psi value, Shading device, Infiltration.

52 EcoDesigner STAR User Manual



Building Energy Model Review

Show or hide any of these data types as needed:

* In tree view: right-click any Structures Properties list item to show or hide the data types
* In list view: Click the arrow pop-up at right to show or hide the table columns

=[=or

wice inﬁnratiorﬂ v Thermal Block
0.50 u v Solar Analysis
0.50 + Orientation
0.50 v Type
v Glazed Area [m2]
Correction - Glazed Area [m2]
— v Glazing U-value [W/m2K]
0.50 v TS5T%
0.50 v DST%
v Opague Area [m2]
Correction - Opaque Area [m2]
—~ « Opaque U-value [W/m2K]
»10.50 v Total area [m2]
0.50 v Overall U-value [W/m2K]
0.50 v Perimeter [mm]
v Perimeter Psi-value [W/mK]

0.50

0.50

0.50 : :
v Shading Device
i v Infiltration [I/sm]
0.50 Renovation Status
0.50 ] )
Reset list columns
0.50 .

In list view, you can rearrange the list according to any property by clicking on the property’s
headline button.

For each Openings list item, the following data are shown in columns:
* Thermal Block Assignment
* Orientation and ArchiCAD opening type
» Solar Analysis result
See Solar Analysis.
» Data describing the transparent panels of Openings:
- Glazed area, frame perimeter
- Glazing U-value

- Total solar transmittance (TST): The percentage of incident solar radiation transmitted
by an object which includes the Direct Solar Transmission plus the part of the Solar
Absorption reradiated inward. TST divided by 100 equals Solar Heat Gain Coefficient
(SHGC) or g-value.

- Direct solar transmittance (DST)
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» Data describing the opaque panels and frames of Openings:
- Opaque area, perimeter, U and Psi-values

- Infiltration: air permeability of the selected Opening (typically occurs around the
perimeter, at the frame to wall connection)

» Shading Device assignments
* Renovation status

4.4.2 Show Uniform Items as a Single Entry

Use this checkbox in the bottom left corner of the Openings page in list view to make every Space
boundary which is identical in terms of all ArchiCAD model data types appear in a single
Openings List entry, with the sum of their areas on the list.

e
LoD

[ B Thermal Blocks  [J Structures | [®Openings }

Thermal Block Solar Analysis & Orient... Type Glazed Area ... vv Glazing U-value... TST% DST% Opague Area ... Opaque U-...
§ 002 Staircases ... |2.80 82.00 69.00 2.11
[ 003 Retail 1 o+ Done East EH Window  35.04 2.80 82.00 £9.00 2.01 2.11
006 Retail 4 o Done East EH window  35.04 2.80 82.00 69.00 2.01 2.11
002 Staircases o Done East E Window 2965 2.80 82.00 £9.00 2.35 2.11
002 Staircases o Done East | window  23.87 2.80 82.00 £9.00 213 2.11
| =
™ Show uniform items as a single entry
FI Total area threshold:  0.00 m?
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4.4.3 Total Area Threshold

To filter out opening list entries of negligible area, enter a value in the “Total Area Threshold”
field at the bottom of the Openings list. Openings whose total (opaque + glazed) area is smaller
than this value will not be listed, and will not be considered by the calculation engine. (If you later
lower this area threshold, the filtered-out openings will reappear as applicable.)

Setting a Total Area threshold will help you filter out small areas that are insignificant for energy
evaluation, resulting in a more manageable Openings list.

4.4.4 Openings Area Correction

Two columns are available for manually correcting the Opening area: the “Correction - Glazed
area” and “Correction - Opaque area.” Enter a positive or negative value in this column. The
value of this item in the “Area” column will be adjusted accordingly; this corrected Area value (if
positive) will be used by the calculation engine.

4.4.5 Solar Analysis

The Openings page of the Model Review Palette allows for the individual analysis (listing,
editing and visualization) of every transparent space boundary of the ArchiCAD building model.
This is necessary to take advantage of the Model-Based Solar Irradiation Study, with which solar
gain through each individual transparent element of the building envelope may be precisely
determined. This advanced tool enables architects to strategically determine the place of each
individual piece of fenestration with respect to the surroundings and the building’s geometry, in
order to utilize the benefits yet avoid the unwanted effects of solar gain throughout the year.

The function considers all ArchiCAD objects and elements that are visible in Building Energy
Model view, as well as the effect of shading devices, to calculate direct solar irradiation on each
glazed opening of the building model. Furthermore, ArchiCAD plant objects act as intelligent
shading devices, as their shading capacity is scheduled for the reference year, making it possible
to factor in whether the plants used for shading are coniferous or deciduous.

Select any Openings List entry, then click Open Analysis at Solar Analysis to activate the dialog
dedicated to model-based solar irradiation study.
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The Solar Analysis dialog has two tab pages. Both display diagrams that show each hour of the
calculation reference year, with the days of the year along the x axis and the hours of the day
along the y axis.

OO ' Solar Analysis. O Solar Analysis
| = Selected Openings: 1 f:? Selected Openings: 1
i Orientation: East | Orientation: East
| i i : Direct solar radiation on glazed surfaces
Percentage of glazed area exposed to direct sunlight g9
| Note: Hover over graph for hourly values Note: Hover over graph for hourly values

0% 50% 100% i 0 201 402 603 805 1006 W
Annual integrated direct radiation: 753.71 kWh

G | ok

/| —

Hover over the “Percentage of glazed area exposed to direct sunlight” diagram to get a precise
reading of hourly values, or use the color coding of the diagram to view 100% solar exposure
with bright yellow and 0% solar exposure (totally shaded) with blue, while shades of yellow
represent times of the year when the Opening in question is only partially irradiated by the sun.
This view disregards cloudy days specified in the weather file.

Hover over the “Energy transmission through glazed area” diagram to get a precise reading of
hourly energy transmitted through the Opening, or use the color coding of the diagram to view
energy transmission intensity: most intense is bright red and 0 is blue, while colors of the gradient
between these two extremes represent intermediate energy flow values. This view takes cloudy
days specified in the weather file into consideration and displays the resulting “Annual integrated
direct radiation value” in kWh.

Note: If multiple entries are selected on the Openings List, or a single entry is selected but the
Show uniform items as a single entry option is active, then the Solar Analysis dialog will
display data that reflect the solar irradiation on all of the selected Openings items, combined.
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4.5 Building Energy Model
Visualization

The Show selected items in 3D button on the upper right corner of the Energy Model Review
palette enables you to visualize the energy model of your project in different ways.

¥ B Show Zone volumes
_j B Show unused Zones
& Show uncovered areas

0024 Customize Model Review colors...

4.5.1 Show Zone Volumes

The Show Zone Volumes function can be used to visualize the internal spaces in 3D.
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4.5.2 Show Unused Zones

The Show unused Zones function highlights the visible ArchiCAD Zones that do not belong to
any Thermal Blocks in the Building Energy Model.

TS ]
:l,: i-__i - 9JJL1'IIII |ff|
R et jjuj =
S 09 gl
BE—E— —UB

\\
ﬂ

/ A

58 EcoDesigner STAR User Manual



Building Energy Model Review

4.5.3 Show Uncovered Areas

The Show Uncovered Areas function highlights the surfaces that do not have space boundaries
associated to them. Ideally, all building structure and opening surfaces are covered by space
boundaries; so these uncovered areas indicate modeling inaccuracies.

-
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— e

)
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4.5.4 Visualization of Thermal Blocks

In the Energy Model View, the entries that are selected on the Thermal Blocks list are
simultaneously highlighted with solid colors on the 3D model.

Wi
(@ Thermal Blocks

> 001 Storage basement
» B 002 Staircases
» § 003 Retail 1
004 Retail 2
005 Retail 3
» 0 006 Retail 4
007 Office 1
008 Office 2
“» 1§ 009 Office 3
010 Office 4
» B 011 Office 5
» 0 012 Office 6
» B 013 Office 7
» | 014 Office 8
» B 015 Office 9
> 016 Office 10
» 0§ 017 Flat 1
» B 018 Flat 2
» [ 019Flat3
» B 020 Flat 4
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The model elements that are not selected are shown in wireframe while this function is active. In
Tree View, it is also possible to select and visualize the zones that make up a thermal block, one

by one.

\‘%

vy vV vy vyvvyvyvyrTYyTTyTeyey

®  EnergyModel

Lty

| Ey Thermal Blocks

[£4021_0 store
[£4020_1 store
[£4020_0 store

[ 007 Office 1

0 008 Office 2
009 Office 3

0§ 010 Office 4
011 Office 5

0 012 Office &

[ 013 Office 7

0 014 Office &
015 Office 9

[ 016 Office 10

[ 017 Flat 1
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4.5.5 Visualization of Structures

In the Energy Model View, the space boundaries that are selected on the Structures list are
displayed on the ArchiCAD building model. Select one or more items from the Structures list,
then click Show selected item in 3D (the model elements that are not selected are shown in
wireframe while this function is active).

-// ————_—_—_—___:__:: o | *-.h_‘__
<. _{:‘,:_?{-_-,:'-_-f-':"’ H‘!{“"%‘.a.h
S ~_ e
— . -
o O [ ‘
& I u m’u Lu [l] [£4021_0 store
3 = L@] v | 006 Retail 4
- B [LE
1 18] = i e
[Hf [£4 020_0 store
= ——__"D] e » [ 007 Office 1
- [D] » 1 008 Office 2
- [ 009 Office 3
= ] [ | » B 010 Office 4
& I ;l Rl » | 011 Office 5
= ~———_|/| » B 012 Office 6
i » [ 013 Office 7
A : “Lﬂ | » Bo140Office 8
e = e » [ 015 Office 9
- = ™ » 0 016 Office 10
ol e i
- e ey T p 0 017 Flat 1
Py -
— I'\-\_ /J _{,.J-'""
TR L o ™
e e

A separate color is assigned to each space boundary category in Energy Model View.
See Customize Energy Model Review Colors.

¥ Energy Evaluation Model Review Colors

ﬂ External

-0- Floor (at or above grade)
a Floor (below grade)

a Underground

L) Internal
ﬂ Openings
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A single ArchiCAD element (e.g. a wall that extends both above- and below-ground) might
consist of multiple space boundaries, and therefore might appear as part of several different
entries (with different orientations) on the Structures list.

|Orientation Type &I
lnderground i wall
Underground g wall
Underground g Wall
South g Wall

A single ArchiC ALY wall element that consists of multiple space boundaries

4.5.6 Visualization of Openings

The Show in 3D button can also be applied to visualize the selected entries of the Openings list.

! e Thermal Blocks = T3 Structures I—Iﬂ-ﬁpnmnga—]—

001 Storage basement

» B 002 Staircases
» 0 003 Rerall 1
» 0 002 Retall 2
b [ 005 Retail 3
b B D06 Retail 4
» 0 007 Office 1
2 008 Office 2
¥ 0 009 Office 3
» || DLO Office £
p 0 011 Office 5
p I OL: Office &
» 0 013 Office 7
e | 0Lz Office 8
» 0 OLE Office 0
» 0 016 Office 10
» 0 017 Flat 1

b 0 018 Flar 2

» | OL9Flac3

» 0 020 Flat4

b 0 171 Flar 5
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5. Additional Data Assignment
and Input

There are two necessary energy calculation input data types in addition to the information that
comes directly from the BIM:

* Space boundary (Structures and Openings) property settings
* Auxiliary data assignment and input
These input data are described in the following sections:

Bring up the Model Review Palette by selecting Design > Energy Evaluation. The three tab
pages of this palette (Thermal Blocks, Structures and Openings) list data populated by the
Automatic model geometry analysis. Additional data beyond the information that comes from the
building model must be assigned to the ArchiCAD model data on the Thermal Blocks, Structures,
and Openings lists.

Prior to manual editing, the fields of Model Review Palette tab pages that contain additional data
are filled with default values. Fine-tune the building energy model by editing this data manually,
using the function buttons on the lists.

To modify the editable values for any property, select the property from the list.

In List view, you can edit multiple entries. Select the first entry that needs to be modified. Then
add further entries to the selection by moving the pointer with the mouse without releasing the left
mouse button, or by clicking on the entries while pressing the CTRL or the SHIFT key. Use the
function buttons that appear by the first selected line to modify properties of all selected list
entries.

If any of the data on the lists are insufficient for simulation input, the list entry that contains it is
automatically highlighted with red, and a warning symbol (exclamation mark in a yellow triangle)
appears at the data field in question.

5.1 Thermal Block Property Settings

In order to enable the energy simulation, it is necessary to define three property sets for each
thermal block individually. These key thermal block property sets are: Space Zones, Operation
Profile and a set of Building Systems.

* Space Zones that make up the thermal block.
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See Create Thermal Blocks.

| By Thermal Blocks I Structures [® Openings

v U 001 Storage basement m
[£4017_-1 storage
[£4019_-1 storage
[£4 020_-1 storage
[£4017_-2 storage
[£4018_-2 storage
[£4019_-2 storage
[£4 020_-2 storage

4 »

LR

Use the control buttons below the thermal blocks tree to add or remove ArchiCAD Zones from
the selected thermal block, as well as to Create a new thermal block.

* An Operation Profile that describes how the thermal block will be used.
See Operation Profiles.

wm— ¥ Structures  [{® Openings ]
ra

001 Storage basement
002 Staircases

| 003 Retail 1

0 004 Retail 2

Auxilliary spaces (non residential)
Booking hall
4| Canteen
v Circulation and traffic areas
ﬁjﬂ |x Cli-i_ssmum B
- ——  Fair/congress building
w Thermal Block Properties Garage buildings (offices and private use)

Garage buildings (public use)
Mhoo1__||storage basement = Ve l. Hospital ward or dormitory
Click the Assign Operation Profile button to select an operation profile that fits the selected

thermal block’s function.

* A set of Building Systems that maintain the comfort requirements defined by the Operation
Profile.

Y VvVY YAl
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See Building Systems.
B 001  Storage basement [@ unconditioned 3
Supply Building Systems
' System Type System Name ﬁ'
+ @ Heating Free float S
$ &% Cooling Free float -
> @Ventilation Mech vent_Basement

Use the control buttons next to the list of Supply Building Systems to add or remove systems from
the list.

Note: It is also possible to assign systems to thermal blocks via the Building Systems dialog.

7 Add Building System

[ 4 All Systems a
Name Type =N
@ Central heating Central 2%
£ Free float Central 2
&% Cooling system Central 1..
<% Free float Central 2
i;; Mech vent_Basement Mechanical 1
@ Mech vent_Offices Mechanical 1..
@ Mech vent_Retail Mechanical 4
@ Natural vent_Attic Notyet ... 1
@ Natural vent_Flats Notyet ... 1..
@ Natural vent_Staircases Notyet ... 1
{ Cancel ) f—ﬂ’—) )

Note: One thermal block can only be supplied by one heating system configuration, one
cooling system configuration and one ventilation system configuration.
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5.2 Structure Property Settings
5.2.1 U-Value (R-Value) Calculator

U-value refers to the heat transmission coefficient of the selected structure. Use the U-value
Calculator to estimate the thermal physics performance of the structures in your projects, based
on the physical properties of the structure’s Building Material(s).

Note: For a simpler and faster, but somewhat less accurate method, edit the U-value
manually.

See U-value (R-value) Override.

Select any structure in the list. In the U-value column, click the three-dot button - with the lock
icon set to closed (red) - to bring up the U-value Calculator dialog.

NNLOL U-value Calculator

Assign thermal properties to each composite skin:

[Skin Name Thickness Thermal condudtivity [... Density [kg/m3] Heat capacity [J/kgk]
E |l Roof Tile 5773... s [N 1.0000 2000.00 800.00
[ Jair space 1385... 25 0.1500 1.20 1003.00
[ ]Foreground 33... 1 0.5800 1500.00 840.00
[ [ ]air Space 1385...  s0 0.1500 1.20 1003.00
[ Jeatt insulation ... 75 0.0370 40.00 B40.00
[ Irlaster 73436419 13 0.5700 1300.00 1000.00

External heat transfer coefficient:  14.00 W/m*K

U-value: "|

Internal heat transfer coefficient: 3,00  W/m?K
— .33 W/miK
Thermal bridge effect: 0oo  W/mK

{ Cancel ) ( (814 ) |

In the U-value Calculator, the skin(s) that make up the selected structure are listed with their
relevant properties (Thickness, Thermal conductivity, Density and Heat capacity), each showing a
default value.

Note: These values derive from the Physics Properties panel of ArchiCAD’s Building
Materials dialog box. You can edit any of these values manually.

Depending on local convention, you may prefer to use the R value (Thermal Resistance
Coefficient), which is the inverse of the U value. To list and display R values instead of U values
(both here and in the final Evaluation Report), click the U-value pop-up at the bottom right of this
dialog box, and choose R-value.

External and Internal heat transfer coefficients, and the Thermal bridge effect related to structural
surface area shown at the bottom left of the U-Value (R-Value) Calculator dialog box. These data,
in addition to the material properties, are necessary for the calculation.
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The Calculated U-value is displayed in the bottom right corner of the panel.

Note: The Calculated U-value shown in this dialog box is based on stationary building
component performance data. This kind of data is listed under Key Values/Heat Transfer
Coefficients in the Energy Performance Evaluation report. However, EcoDesigner STAR uses
a more accurate, dynamic calculation algorithm to calculate hourly heat transmission through
the building envelope structures, when simulating the building energy balance for the
reference year. The result of this dynamic analysis is the basis of the Energy Consumption,
Carbon Footprint and Monthly Energy Balance data displayed on the Energy Evaluation
Report.

5.2.2 U-value (R-value) Calculation Algorithm

The U-value Calculator calculates the average heat transmission coefficient of Building Materials
and composite structures, based on a stationary algorithm that is used by most national standards.

{J : Hoealtranafor cosfficiont ;1' - mtemel hoat tranefer
[etatic valae) ¢ oafficiant
1 H, - External heat transfor
U = ¢ oatficient
_];_+££+_1_ ff : skm thickness
h_‘, A h' A 1 themnal eondurtivity

To include the effects of thermal bridges, delta U-values are added to the average U-values of
structure group entries. The magnitudes of external and internal heat transfer coefficients and the
delta U-value depend on the position of the evaluated structure relative to the thermal current.
Default settings are offered within EcoDesigner STAR. However, it is advisable to review and
manually override these predefined values if the structural situation demands, or if the standards
for the project location are different.
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5.2.3 Thermal Property Assignment

View the skins listed in the U-value calculator. While the fill type, name and thickness of each

skin is derived from the element’s settings in ArchiCAD, the three properties to the right of the
vertical line - Thermal conductivity, Density and Heat capacity - can be modified by you, if the
default values here do not correspond to your actual project structures.

To change the Thermal conductivity, Density and/or Heat capacity value of any skin, select it
from the list in the U-value Calculator.

Click the button with the three dots to access the Thermal Property Assignment dialog box.

@ " Thermal Property Assignment

Assign thermal properties to Building Materials:

W BuildingMat. .. Thermal conductivity [W/mK] Density [kg/m3] Heat capacity [)/kgK]
i v E]JRoof ... 1.0000 2000.00 800.00 O
v [ Jairse... 0.1500 1.20 1008.00
v [ Jroreq... 0.5800 1500.00 840.00
v [ ]sater... 0.0370 40.00 840.00
{ v [ ] riaste... 0.5700 1300.00 1000.00
v ] ]so%.. 0.5800 1500.00 840,00
v Js0%.. 0.5800 1500.00 840.00

C Cancel ) (0K~

The Thermal Property Assignment dialog box lists all Building Materials defined for this project.
Those Building Materials actually used in this project are shown here with a checkmark in the far
left column. Each listed fill is shown with the relevant physics properties that are assigned to it.

Note: These values derive from the Physical Properties panel of the Building Materials dialog
box (Options > Element Attributes > Building Materials).

The Building Material you selected in the U-value calculator is highlighted in the list. Here you
can edit any value, either directly or by choosing defined values from the Material Catalog.

Any change made here will automatically be reflected in all project elements that include the
edited fill.
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5.2.4 Material Catalog

Materials in EcoDesigner STAR represent physical properties (thermal conductivity, density and
heat capacity). In the Thermal Property Assignment dialog box, highlight a row and click the
right-side Catalog button: this brings up the EcoDesigner STAR Material Catalog.

(You can also access the Material Catalog to set thermal properties for Building Materials at
Options > Element Attributes > Building Materials).

B e e Material Catalog

]| Select the best matching item from the catalog:
1

| Themnal conductivity [W/mk] Density [kg/m3] Heat capacity [J/kagk)
1

- AERATED CONCRETE |
+ [ AIR GAPS |
|

, | I ASPHALT
+ [ BITUMEN
= BURNT CLAY
S0LID BRICK 1 0.5800 1500.00 840.00
1 50LID BRICK 2 0.€C000 1500.00 840.00
| BURNT CLAY BLOCK LIMITED STRENGTH 1 0.1090 600.00 920.00 |
JURNT CLAY BLOCK LIMITED STRENGTH 2 0.1210 648.00 920.00
BURNT CLAY BLOCK MEDIUN STRENG H 1 0.1250 742.00 920.00
BURNT CLAY BLOCK MEDIUNM STRENG™H 2 0.1480 694.00 920.00 ‘
BURNT CLAY ELOC . .EDAUM STRENGCTH 1 0.2160 960.00 920.00 |
BURNT CLAY ELOC ..EDIUM STRENGTH 2 0.2720 840.00 920.00 |
BURNT CLAY ELOC .. INSULATED STRONG 0.3240 940.00 920.00 ‘
[» CONCRETE
[ EXPANDED CLAY
[» FLOOR COVERINGS
[ GLASS
[+ c¥PsumMm
[» METALS
[» PLASTERS AND RENDERINGS
[ ROOF TILES
[» RUBBERS
[ SEALANTS
[+ sOLID PLASTICS
[» STONES
[ THERMAL INSULATION-GLASS WOOL
[» THERMAL INSULATION-MINERAL WOOL
[» THERMAL INSULATION-MULTILAYER
[ THERMAL INSULATION-PLASTIC FOAM
[ THERMAL INSULATION-WOOD WOOL
> WOCD AND WOOD BASED PANELS

{ Cancel ) { OK ) |

2

The Material Catalog is an extensive database integrated within EcoDesigner STAR that contains
building material information relevant for the energy calculations (Thermal conductivity, Density
and Heat capacity). The building materials are grouped in main categories with drop-down
detailed lists to enable easy access and quick selection.

Select a material here whose physical properties correspond to your needs. When you click OK in
the Material Catalog, the thermal properties of the selected material are assigned to the Building
Material you selected in Thermal Property Assignment.

This way, the calculation engine obtains the physical data required for the thermal evaluation
without any numeric input from you.
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5.2.5 U-value (R-value) Override

It is possible to enter a U-value (or R-value) manually, instead of using the U-value calculator and
Thermal Property Assignment functions. Omitting the Thermal Property Assignment greatly
shortens the time needed to evaluate a project, but leads to somewhat less accurate results.

Select any structure in the list. In the U-value column, click the three-dot button - with the lock
icon set to open (white) - to bring up the U-value Override dialog.

ML U-value Override

Enter the manually overridden U-value.

U-value: » 1.16 = W/mK

Structure’s heat storage mass: |

Medium - masonry T] |
)

-
Cancel J'( oK

Click the pop-up to alternate between U-value and R-value as needed. Simply enter the desired
value in the editable field.

5.2.6 Structure’s Heat Storage Mass

Use this pop-up (also in the U-Value Override dialog box) to select the thermal mass
(Lightweight, Medium or Heavyweight) of the selected structure, instead of using the materials
coming from the building model directly.
Heavyweight - concrete structures
¥ Medium - masonry
Lightweight - timber frames

The threshold values for these categories are:
* heavy-weight: > 400 kg/floor area

*  medium: 250 — 400 kg/floor area

* light-weight: < 250 kg/floor area

Within EcoDesigner STAR, these predefined settings are linked to mean density values. These
density values are multiplied by the total volume of the interior structures, providing the numeric
Internal heat storage mass value to the calculation engine.
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5.2.7 Infiltration Settings

Modify the default Infiltration (unit: 1/s,m2) of the selected Structures List entry to precisely
define its air permeability (0.6 1/s,m2 is considered as low, while 1.6 1/s,m2 is considered as high
infiltration).

The EcoDesigner STAR function of ArchiCAD not only simulates the effect of infiltration on the
hourly energy balance, but also displays the total Air Leakage in ACH (air change per hour), in
the Key Values section of the PDF Energy Performance Report.

5.2.8 Solar Absorptance

The Surface material property determines the Solar Absorptance properties of the selected
Structure. Click the pop-up arrow in this field to select from a list of surface materials and
finishes. Modify the default Solar Absorptance (unit: %) of the selected Structures List entry to
precisely define its capacity to absorb solar energy.

5.3 Thermal Bridge Simulation

Use 2D Thermal Bridge Simulation to evaluate the performance of details, then assign the
resulting performance values to thermal blocks to factor in their effect on the building’s overall
energy balance, as a lineal thermal bridge coefficient (Psi value). It is also possible to place the
graphic results of the thermal bridge simulation (virtual thermal-vision and energy flow diagrams)
onto the corresponding ArchiCAD detail, as a drawing.
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5.3.1 Workflow

1. Place a detail marker around the area to be analyzed.

D-02¢
Detail

Al

2. Use the ArchiCAD detail window to add 2D drawing elements (lines, fills, dimensions etc.) to
the detail drawing if necessary.

72 EcoDesigner STAR User Manual



Additional Data Assignment and Input

3. Choose Design > Energy Evaluation > Thermal Bridge Simulation

+ or the same command from the Model Review Palette’s pop-up at the top right
 or the context menu of the Detail’s viewpoint listed in the Navigator.
4. From the appearing dialog box, choose the detail you wish to analyze.

000 Thermal Bridge Simulation

Select a detail viewpoint from the list to perform
thermal bridge simulation!

Detail Simulation Status
‘#= D-03 old_Detail (Independent) Done

‘J& D-01 Detail (Independent) Done

‘}e D-02 Detail (Independent) Done

‘}e D-01b Detail (Independent) Done

‘f= D-02c Detail (Drawing) Not yet ready

‘}= D-01c Detail (Drawing) Not yet ready

Cancel | OK |

5. Click OK to launch the wizard. From each page of the wizard, click Next to proceed.

Note: Only fills whose type is “Cut Fill-Building Material” will be taken into account for the
Thermal Bridge Simulation, because such fills include physical properties. The detail’s Cover/
Drafting/Cut type fills are ignored for Thermal Bridge purposes.

6. On the first page (Boundary Condition / External Air)

* Click on the part of the preview that represents the external air area of the detail. (If several
areas represent external air, use Shift+click to select them.)

» Enter the external air temperature.
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* Enter the external heat transfer coefficient.

ane

Thermal Bridge Simulation

n Bouncary Conditien - External Air

Defire extarnal air area oy clicking on
the preview ares .

B : i) selected ¥

Cxternal air temperature:
0 [
Cxternal heat transfer coefficient:

24.00 W/m

Preview for

l{ﬁ I\Dntails',) U2 Detzil (Indescndent)

IR0

Cancal |

< Pravicus

Maxt >

7. On the second page (Boundary Condition — Internal Air)

* Click on the part of the preview that represents the internal air area of the detail. ((If
several areas represent internal air, use Shift+click to select them.)

» Enter the internal air temperature.

* Enter the internal heat transfer coefficient.

Thermal Bridge Simulation

_‘_ Boundary Cenditicn - Internal Air

Define internal air area by clicking on
the Preview dred.

- 2 Till(s) selected ¥

Preview for

‘f= 'Details\D 02 Cetail (Independent)

Inzernal air temperature
20 e i
Internal heat transfer coefficient

18.00 | wmiK

acee

Cancel | <Previous | [ Next> |
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8. On the third page (Boundary Condition — Soil)

» Click on the part of the preview that represents the soil area of the detail. If there is no soil
area in this detail, you can skip this page.

» Soil type: this value is derived from Environment Settings. Click Change to access
Environmental Settings and choose a different Soil type, with its associated thermal
properties (shown below)

9. The next page shows you a summary of the materials used in the selected detail. (You can also
assign thermal property assignments to any structures that still need it.)

000 Thermal Bridge Simulation
Previcw “or 3 [\Details\D-02 Detal {Indagendent)
Assign physical properties to used Bullding Marerials:
|Skin name Properties
—||_|In:uI1tion Mineral Hard v Assigned
M Reinforced Concrete - Structural ¥ Assigned
| Masenry Block - Structural ¥ Assigned
B Insulation - Pastic Hard __._.__
_ | Master - Lime Sand « Assigned
:||:| Fire Proofing ¥ Assigned
—||_| Concrete v Assigned
"M Membrane - Waterproof ¥ Assigned
“[air space - Frame v Assigned
“IFTie - Floor v Assigned \\
"1 insulation - Mastic Saft + Assigned
Thermal Property Assignment... | =) 'Q*Ifj_
| Cancel | < Previous | Nex: > ]

10. On the final page, choose preferred options for the Thermal Bridge Simulation:
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accurate simulation, but takes longer to generate.

[c ; Thermal Ericga 5i

The Grid size influences the accuracy of the simulation. “More detailed” creates a more

a0ne
Freview far

‘}= [\Details\,D-02 Detail (Indecendent)

Simulation Options

[E']Shcw grid contours in Preview

Grid size:

| %) 1L mm

| ene cetailed Mure detailed

Note: Choosing "More detailed” provides a more accurate result, but may
TEke INADEF TO CENPMATE .

Cancel

| | <Previous | | Srart Smulaton.

* Click “Start Simulation”.

11. Thermal bridge simulation results are available in both graphical and numeric form (Psi-

value).
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* Click on the “Temperature” or the “Energy Flow” buttons to toggle between these two
types of results.

000

Tharmal Brldge Simulation

Simulation Results

Show Resulrs for:

Tarperature  [*C]
‘ & ‘ Frergy Mow [ Kl
[i] 4 8 12 16 20
Psi—value: [0.24 wjmK

Numbar of iterations: | 722

Preview for

hEa |\D|::t.':i|s\D U2 Detail (Indepencentd

Relative unbalance | MOON127 %
Asymmetry index: [ 2.332261 %
ARLE
[ cancel | [ <Prevous | [ Place as--tl_'a'.l}l'ng'l |" “Close
[c0o Tharmal Bridge Simulation "
Preview for I |\Details\D—C-2 Detail iIndependant)
Sirmulation Results
Show Results for:
ﬂE Temperature  ['C]
Energy flow [¥) mK]|
0.00 0.40 0.80 1.21 1451 201
Psi-valae: 24 Wimk
Numbzr of iterations: | 722
Relative unbalance 0.000127 %
Asymmetry indox: 2.332261 %
EIFoR
| Cancal | | < Pravicus | | Place as Drawing | | Close
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12. Optionally, you can place this graphic as a Drawing onto the detail, so it becomes part of the
project documentation. (Note that this placed drawing contained both Temp and Energy Flow
information via Drawing layers).

BASELINE BUILDING DETAIL DESIGNED BUILDING DETAIL

Inside Outside Inside Outside
gy - i —

BASELINE BUILDING DETAIL - Thermal View DESIGNED BUILDING DETAIL - Thermal View

Temperature Temperature
[°Cl ['C]
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13. If you want the hourly building energy simulation to take your thermal bridge calculation(s)
into account, you must add the thermal bridges to the list of Structures in the Model Review
Palette:

* On the Structures tab page, click the Add Thermal Bridge icon.

Energy Model Review — Structures
A |E5:IEE i v
' Thermal Blocks _ 0% Openings |

# 001 Storage basement
002 Staircase

b 003 Retail

» 1 004 Office

» U 006 Flat 1

b 007 Flat 2 (duplex)

S

[ 3

[

[ 2

# 008 Flat 3
009 Flat 4
# 010 Loft
§ 011 Attic
# 012 Neighbor building

E Area threshold: 0.60 m? |‘.§‘ =

. Add Thermal Bridge to selected Thermal Block
p Structure Properties

|_ Start Energy Simulation v

 In the appearing dialog box
- choose the target Thermal Block from the drop-down menu
- choose the Thermal Bridge name
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- enter a length

- E— o ——

0006 Thermal Bridge Selection
Add Selection to: | 006 Flat 1 3

Thermal Bridge... Psi-value Length

D-01 Detail 0.6783 0 mm

D-02 Detail 0.2429 4000 mm

D-03 old_Detail 1.0200 0 mm

D-02b Detail 1.4438 0 mm

D-01b Detail 1.7983 0 mm

| Cancel | ——

- Click OK. The selected Thermal Bridge is now added to the selected Thermal Block.

~—{ & Thermal Blocks [FSHucturesN] 0@ Openings |

# 001 Storage basement

002 Staircase
p | 003 Retail
» [ 004 Office

v 006 Flat 1
b (@ External Structures
» [ Internal Structures -
v‘_}Themlal Bridges
|- D-02 Detail
p | 007 Flat 2 (duplex)
» B 008 Flat 3
B 009 Flat 4
» § 010 Loft
» [ 011 Attic
§ 012 Neighbor building

E Area threshold: |0.60 Im? P;l‘r'; i

w Structure Properties

Type ‘J& Detail

Psi-value 0.24 W/mK

Thermal Bridge Length 6000 mm

Simulation Open Thermal Bridge...

|  Start Energy Simulation v
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5.4 Opening Property Settings

The Openings tab page of the Model Review dialog box lists data for all of the Openings on the
building shell and on internal thermal block boundaries.

To change the physical properties of the selected Openings List item, either edit the values
manually, or use the predefined value sets from the Openings Catalog.

5.4.1 Openings Catalog

To access the Openings catalog, select an item on the Openings tab page and right-click to bring
up the context menu:

-

I Openings Catalog |l|@|

FE  Select the best matching transparent item from the cataloa:

Type U-value[Ww fm2K] TST % DST %
[» Glazing - single
- Glazing - double - basic

| »

Air fill - dear 2.8000 82 69
Air fill - tinted 2.8000 61 51 =
Air fill - dark 2.8000 48 51
Argon fill - dear 2.6000 82 69
Argon fill - tinted 2.6000 61 51
Argon fill - dark 2.6000 43 35
+ Glazing - double - standard
Air fill - dear 1.7000 77 61
Air fill - dear - low E 1.5000 53 42
Air fill - tinted 1.7000 43 34
Air fill - tinted - low E 1.5000 36 28
Air fill - dark 1.7000 42 K31
Air fill - dark - low E 1.5000 29 24 -

] select the best matching opague item from the catalog:

Type U-valhue[w fm2K] Psi-value... Infiltration [1/sm]
< Frame - wood -
Traditional 2.5000 0.2100 2.7700
Basic 2.1100 0.1800 1.4300
Standard 1.8700 0.1500 0.7200
Prernium 1.6800 0.1200 0.2800
Ultimate 0.7200 0.0500 0.1200

[ Frame - plastic
[+ Frame - metal

Metal - basic 7.0900 0.5900 2.6700
Wood - traditional 3.1700 0.2900 2.8300
Composite - basic 2.8400 0.2700 1.0100
Composite - standard 1.7000 0.1700 0.6800
Composite - premium 1.4200 0.1200 0.2200
Composite - ultimate 0.7900 0.0500 0.0900

[» Garage door -

Cancel l [ oK ]
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The Openings Catalog is an extensive database of building physics information relevant for the
energy calculations. Transparent and opaque components of Openings are listed separately:

» Transparent items are listed with their U-values, Total Solar Transmissions and Direct Solar
Transmissions;

» Opaque items are listed with their U-values, Psi-values (the linear thermal transmittance
coefficient in W/m,K that are used to factor in the effect of the thermal bridges that occur at
the frame-to-wall joint around Openings) and linear Infiltration properties.

5.4.2 Shading Devices

Click the arrow on the Shading Device item to apply a shading device, with its predefined
physical properties, to the selected entry.

v None
Curtain
Venetian Blind
Roller Blind
Shutter

External Blind
External Louver
Solar Analysis Off

There are two types of Shading Devices on the list:

* Devices whose shading effect is additional to the effect of the model-based Solar Analysis
(None, Curtain, Venetian Blind, Roller Blind, Shutter, External Blind, External Louver);

» Devices that disable the effect of model-based Solar Analysis (Canopy, Canopy And Side-
Fins, Solar Analysis Off). These settings are mostly used for analytic (scientific) software
functionality tests. Users are advised to use Shading Devices from the previous group on
architectural projects.
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5.5 Climate Data

Open this dialog box from the Model Review Palette’s pop-up at the top right; or from Design >
Energy Evaluation > Climate Data; or from the Environment Settings dialog box.

E Clirnale Dala

. Clima=e data s ~eadvy for simulation

7 Dwwnlnad from Strasnft Cimate Server

(@ Use ASHRAE TWEL, TMY, WTED2 fila

Climate Type:

Cry (E)

Dicla Type:
Air -emparature

<
50
10

30

Jen. |Feb. | Mar. | Apr. | May. | Jun.

IWEC file: Debracen-2007 (Debrecen)

EH~ Average:

e

Srowse ..

Climate Zene Identifier:

¥ |5B

< E] fieww;
- EEEE

g, | Sep. | Oct | Mow. | Dec.

W14 I Mrumum: 215

| e ]

[ Cared

5.5.1 Climate Data Source

Choose an option for the source of the climate data to be used for EcoDesigner STAR.

* Download from StruSoft Climate Server: With this option, climate data are obtained from the
StruSoft climate website, at http.//climate.vipenergy.se.

All StruSoft climate data are created from NCEP Reanalysis data provided by the NOAA-
CIRES Climate Diagnostics Center, Boulder, Colorado, USA, from their website at

http://’www.cdc.noaa.gov/.
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+ Use ASHRAE IWEC, TMY, WTEC?2 file: Click Browse to select and import data from
analytic weather files obtained from an external source (from open source e.g.
http.//apps 1.eere.energy.gov/buildings/energyplus/cfin/weather_data.cfm, or purchased)
Note: Use analytic (“ideal year”) weather data whenever possible, as it usually represents a
given location’s climate better than climate data recorded in any particular year.

Once the weather data are assigned to a certain project, they are stored in the ArchiCAD Cache
Library, so the data remain available when opening another ArchiCAD project later, even if the
computer is not online.

5.5.2 Climate Type

It is possible to assign a Climate Type that best describes that of the building location: Moist, Dry
or Marine. This classification is necessary for compliance with certain North American Building
Energy Efficiency Calculation Standards, but it has no effect on the calculation result.

5.5.3 View Climate Data

The chart below graphically illustrates climate fluctuation over the course of one year. Choose the
climate data type that you want to see in the chart: either Air Temperature, Relative humidity,
Solar radiation or Wind speed.

Data Type: C Ej View:

ik

Ajr temperature
Air temperature
Relative hurmdity
Solar radiation
Wind speed

30
20
10
0
-10
-20

-30

X¥n. |[Feb, | Mar. | Apr. | May. | Jun dd, | Aug. | Sep, | Gct. | Mov., | Dec.

T Maximum: 32.70 2 Average: 10,19 =1 Minimum: -21.50
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Use the four icons at right to choose the level of detail you want to view: by month, day, week or
hour.

ln, |Feb. | Mar. | Apr. |Mav. | Ln. | Jul. | Avg. |Sep. | Oco. | Nov, |Dec |

Air Temp monthly Air Temp weekly

| Jan. |Feb, | Mar. | Apr. | May. | n. [ Jl.  Aug. | Sep. | Oct. | Now. | Dec. | r. | May. | am. | Wil | Aug. [Sep. Ot | Now. | Dec

Air Temp daily Air Temp hourly

Below the graph, the maximum, average and minimum values for the chosen climate data type are
listed.

1 I Maximum: 90.85 X Average: 50.34 A Minimum: -6.70
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If Wind speed is selected as visualized climate data type, an additional icon is also available,
which displays the wind data in wind-rose form.

Data Type: View:
Wind speed - m ﬁ ﬁ .:D
" - —
N - & ., INE
P e T ,
o \ y
ll |I.|l. 9 \ / 4 ;
L - _ 2 _;’ima

U. 1.2 4 8 12 16 >16 mfs
The polar diagram represents the 8 main directions. The length of each segment represents how
often (as a percentage, over the course of a year) the wind blows from the given direction.

Each color within a segment represents a wind speed range (as a percentage of the total wind from
that direction), in accordance with the color scheme below.

The value at the center of the wind-rose (the white area) represents the percentage of time that the
wind is nonexistent or negligible.

5.6 Environment Settings

Open this dialog box from the Model Review Palette’s pop-up at the top right; or from Design >
Energy Evaluation > Environment Settings.

b= B Operation Profiles. ..

17| Environment Settings... N
iy Climate Data...

#5 Buiding Systems. ..
( Energy Source Factors...

& Energy Costs...

¢ Thermal Bridge Simulation. ..

@} Energy Simulation Options... !
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The Environment Settings dialog contains:

» Settings: Location and Climate, Grade Level, Soil Type, Surroundings
» Links to other dialogs: Project Location, Climate Data, Surface Heat Transfer, Wind

Protection, Horizontal Shading

Location and Climate:

47° 29'0" N, 21° 3B' 0" E

( Project Location... )

. Climate source: HUN_Debrecen.1 ( Climate Data... )

Crade Level:
() Offset Distance

(*) Modeled by Mesh Elements

( Surface Heat Transfer... )
Soil Type: [ Clay F—H
Thermal Conductivity 0.500 W/mK
Density 1800.00 kg/m?
Heat Capacity 1000.00 )/kgK
Surroundings: [ Garden E
Ground reflectance 20 %
¢ Wind Protection. .. )
( Horizontal Shading... )

( Cancel ) E—ﬂ—a
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5.6.1 Project Location

EcoDesigner STAR considers the geographic location of your building when obtaining Climate
Data from the StruSoft Climate Server. Use the Project Location button on the Environment
Settings panel to access the Project Location dialog of ArchiCAD.

.. Project Location

Project Name: Matula Schoo, for Girls
Site Address: Debrecen, Hungary
Latitude: 47° 37 38.7276"
Longitude: 21° 38' 27.6216"
Altitude: 0.00
Time Zone (UTC): 0 < hr O
Project North:

fog 94.00°

Note: Change of Project Location will affect the Sun

paosition.

pesition accordingly. Open Sun dialog to change Sun [

[

Show in Google Maps...

cancel | | oK J

5.6.2 Grade Level

This control is in the Environment Settings dialog

Grade Level:
@ Offset distance
[ ) Modeled by Mesh elements

box.

to Project Zero [}

88
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The connection of the ground with the building can be modeled in two ways in ArchiCAD for
EcoDesigner STAR:

» Offset distance: the distance by which the pavement is offset from either Project Zero or a
predefined Reference level.

* Modeled by Mesh elements: use the Mesh tool to model the site around the building, if it is
not completely level, for better energy modeling accuracy of structures in contact with the
ground.
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5.6.3 Surface Heat Transfer

This dialog is used to define Internal and External combined heat transfer coefficients for all
opaque structures in the project. While the surface coefficients entered on the U-Value Calculator
influence only the stationary thermal performance calculations on the level of individual
structures, the global settings on the Surface Heat Transfer panel are used for the dynamic energy
balance simulation.

Users are advised to change the default global surface coefficient values only if local standards
specifically require the use of other values.

5.6.4 Soil Type

From the pop-up, choose the option that most closely describes the soil type of the building
location. This setting serves as the basis for calculating heat flow through structures in contact

with the ground.
Sand @
Drained gravel

Drained sand

Soil Type: Sand -
Clay
Silt
Thermal Conductivity 2.3200 W/imk _
Density 2200.00 kgjm?3 Gravel
Heat Capacity 1900.00 JkaK Rnck
_ Blast rock

The applicable Thermal Conductivity, Density and Heat Capacity values are then displayed below
your chosen soil type.

5.6.5 Surroundings

Choose the Surroundings option that best describes the environment of your building: Waterfront,
Garden, Paved or Custom.

v Waterfront 1

Surroundings: Paved ﬂ Carden
Paved '
Ground reflectance 30 % Customn

This setting is used when calculating the effect of indirect solar irradiation.
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5.6.6 Wind Protection

From the Environment Settings dialog box, click Wind Protection to open the dialog box of the
same name.

. Wind Protection [t

Orientation Wind Protection
o= Lot
Mor thEast 1.1 Partly protected be 1.1 Partly protected
East 1.1 Party protected 1_ Unprotected
SouthEast L-_ Partly protected
South L._ Partly protected
SouthWest L Partly protected
West _|\_ Partly protected
Marth\West L Partly protected i

| Cancel [ x|

The polar diagram represents the 8 main directions. The length of each segment represents how
often (as a percentage, over the course of a year) the wind blows from the given direction, and
how fast.

Here, for each orientation of the building, choose the appropriate Wind Protection level:
Protected, Partly Protected or Unprotected. For each orientation, a point is placed on the graph
representing wind protection (the further out the point, the higher the protection factor), and the
points are connected by a red line.
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5.6.7 External Shading

The model-based Solar Analysis function of EcoDesigner STAR in ArchiCAD only works on the
transparent elements of the building shell. However, it does not automatically determine the @
extent to which shadows are cast by external objects on the opaque elements of the building
envelope.

Use the External Shadings button to activate a separate dialog with a list of those sides of the
building that receive the sunlight (the list of Orientations can vary depending on project location).

Horizontal Shading

Orientation Shading

RNy 1o 5P ) wore

SouthEast 119 Medium v e Low

South ¥ High 18 Medium

SouthWest 119 Medium 1® High
N4

West e Low

R FA

M FA

Note: Orientation is dependent on Project Location,
therefore, some orientations may not be available.

Cancel ) C OK )

For each orientation, choose the options that best describe the amount of shading resulting from
external objects (select an option - Not shaded, Slightly shaded, Shaded or Very shaded).

Note: The effect of shadows cast on each elevation of the building, by the building itself, can
be set via the Vertical and Horizontal Shading settings of the Openings List.

It is possible to edit multiple entries of the Facade Shadings list: select an entry that needs to be
modified, and then add further entries to the selection by moving the pointer with the mouse
without releasing the left mouse button, or by clicking on the entries while pressing the CTRL or
the SHIFT key. Finally, use the function buttons that appear by the first selected line to define
Facade shading properties for the selected orientations.
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5.7 Operation Profiles

Open this dialog box from the Model Review Palette’s pop-up at the top right, from Design >
Energy Evaluation > Operation Profile, or with the Options > Element Attributes >

Operation Profiles command.

M) Operation Proﬁliles

Available Operation Profiles

Other habitable rooms (non residential)
Personal office

Residential

Restaurant

LI 3 T S SR P e e

Occupancy Data
Occupancy type:
Non residential i]

s workdays * Mon. Tue. Wed. Thu. Fri.

* non workdays  Sat. Sun.

(  Add ( Remove

-\u

(" Edit Daily Schedules...

Human heat gain: 70.00 W per capita

Service hot-water load: 60.00 |/day per capita

Humidity Load: 2.00 | !/day

Note: Define "Personal office” profile’s daily schedules and drag them in the order of precedence.

Daily Schedules Recurrence Date Range

( N
New... 3

S m—
" Rename... )
al Delete )

In use [hours]
..|6264
2496

( Cancel ) GmOK)

The Operation Profile is an ArchiCAD attribute. A separate Operation Profile can be assigned to

each Thermal Block.

Each Operation Profile is associated with a daily schedule comprising the following data, by hour,

for a full year (8760 hours total):

* Required Internal temperature range
* Human heat gain

+ Hot water needs

*  Humidity loads
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5.7.1 Available Operation Profiles

Pick the operation profile that best fits the selected thermal block’s function from the list of
available defaults. These default values reflect the Operation Profile specifications of the DIN
18599 Standard - Energy Efficiency of Buildings.

Available Operation Profiles

Auxilliary spaces (non residential)
Booking hall

Canteen

Circulation and traffic areas

Classroom

Fair/congress building

Carage buildings (offices and private use)
Garage buildings (public use)

Hospital ward or dormitory

Hotel room

Kitchen (non residential)

Kitchen (preperation or store room)
Landscaped office

Lecture room, auditorium

Library (magine and stores)

Library (open stacks area)

Library (reading room)

Meeting, conference or seminar room
office

Other habitable rooms (non residential)

Residential

Restaurant

Retail shop/department store
Server room, computer center
Showroom and museums
Spectator and audience areas
Sports hall

It is also possible to create custom Operation Profiles with the EcoDesigner STAR function
within ArchiCAD, and to add them to the list of Available Operation Profiles. You can also edit
them as needed, by changing the values in the daily schedule list item they reference.

94
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5.7.2 Occupancy Data

Below, view the Occupancy Data of the selected Operation Profile.

Occupancy Data
Occupancy type: Human heat gain: 120.00 W per capita
MNon residential - Service hot-water load: 60.00  l/day per capita

Humidity Load: 5.00 Iiday

Change any of these values if needed to better reflect the thermal block’s function.

*  Occupancy type: either Residential or Non-residential

* Human heat gain: the amount of heat produced by the human bodies in the building (W/
capita)

» Service hot-water load: amount of hot water necessary per person, as associated to the
selected building function (I/day, per capita)

* Humidity Load: the amount of water vapor that gets into the internal air as a result of the
building’s operation (I/day)
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5.7.3 Daily Profile Editor

Select “Edit Daily Schedules” to open the Daily Profile Editor. This dialog displays two daily
occupation profile graphs with corresponding key values to the right of each graph. These
controls are used to specify the required Internal temperature range as well as Occupancy count,
Lighting power density (LPD, in W/m2) and Equipment power density (LPD, in W/m2), which
will drive the Internal heat gains.

non workdavs New...
workdays P—
( Rename. .. )
( Celate )
Feir profile dara in the selecred fime narine
ac Internal temparature |E|
0
24 = M Maximum: 26 g °C
pT:]
5 2 M minimum: 20 ’E] s
[
o
!'(';'"‘ Internal heat gain
18 . ] Occupancy count:
10 1£.00 [:Jm’ per capl@a
o
Power: 5.00 j Wwim?
— (= " 0y ' - | P —— 2
®a [h R[5 [ &5 B ¥ Eauipment: 7.00 wim
Canrel | IE (81,9 3

workdays

( Nelete )
Edit orofile data in the selected time period
“© Inzernal temperature [
0 .
24 W [ Maximum: [t
18
s 0 M Minimum: 15 s
3 : T g
0 ] b1 16 2ih
I:I‘Imz Internal heat gain
4 . ] Derupancy count:
3 A B O
2 - TP per capta
3 B C Ughting: None 0
o
o & il 1% 2k Fower: = wim?
W12 @h /13 @h (4. I .@." B & cquiprent: 1.00 @ Wim’
(. Cancel ( OK 3
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Theoretically, it is possible to define different operation conditions for each hour of the reference

year with the Daily Profile Editor.

Internal temperature: Set the hourly allowed internal air temperature range (maximum and/or

minimum) during the day.

Internal heat gain: Define the factors that result in energy emission (internal heat gain) during

the day, per m2 of internal floor area (W/m2).

* Occupancy count: Refer to local regulations to enter a value that describes the density of

human occupation for the selected operation.

» Lighting: Check the Lighting box, then select a lighting type from the dropdown list. The
default Power value for the selected Interior Lighting type appears in the Power field. You can
fine-tune this value manually if the lighting design of the project is available at the time of the

evaluation.

+ Equipment: Refer to local regulations to enter a value that describes the density of appliances
(E.g.: TVs, Computers, servers) for the selected operation.

5.7.4 Yearly Operation Scheduler

Since these data will vary by day of the week and over the course of the year, the Operation
Profile consists of any number of daily schedules, which correspond to specific date ranges and

days of the week.

Mote: Define "Personal office” profile’s daily schedules and drag them in the order of precedence.

'Dailyr Schedules

+ workdays

. non workdays

Mun. Tue. Wed. Thu. Fri.

{ Add ) { Remove

(" Edit Daily Schedules...

Date Rarge In use [hours]
All Year 6264

Uncovered: 1248

/| Overlapped: 1272 hours

For each daily schedule, you can define the following characteristics:

* Recurrence: days of the week when the particular schedule is in effect
» Date Range: periods of the simulation year during which the schedule occurs

Recurrence
() Every day
® On every
@ Monday @Tuesday EWednesdav
M Thursday M Eriday
|1 Sunday

Date Range

( Cancel ) ( oK )

@ All year

() In a given period
Start date: | January .

End date: Decersspsd 31

( Cancel ) 0K
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Recurrence and Date Range define the In use hours (the total number of hours during which the
selected Daily Schedule is in effect).

If the Uncovered hours counter on the bottom right corner of the Yearly Operation Scheduler
shows any number but 0, it means that further modifications in Recurrence and Date Range are
necessary because there are some hours of the reference year without operation schedule assigned
to them.

If the Overlapped hours counter on the bottom right corner of the Yearly Operation Scheduler
shows any number except 0, it means that further modifications in Recurrence and Date Range
are necessary because there are some hours of the reference year with more than one operation
schedules assigned to them.

5.8 Building Systems

Use this dialog box to define Building Systems settings that will maintain the internal comfort
conditions (as specified by the Operation Profiles dialog) for the thermal blocks of your building
model. Use the Building Systems dialog to edit the properties of existing building systems, to
create new ones and to assign them to thermal blocks.

You can define as many Building Systems (whether Heating, Cooling, Ventilation, Wind Energy
or Solar Photovoltaic systems) as you need.

Open the Building Systems dialog box from the Model Review Palette’s pop-up at the top right,
from Design > Energy Evaluation > Building Systems, or from the Thermal Blocks page of the
Energy Model Review palette.

IL. Energy Evaluation - Building Systems &
Expert view »
* Heating Settings
Defined Systems:
Mame Type E @ Central Subtype: @ On Site Equipment
e) Central heating Central 23 Local ¥|Boller or Furnance
| Solar Thermal Collecto
0 Free fioat Central 2 Mot yet specified e R Zany
v | Water Heat Pump
D= 9 5 g Destrict Heating
5% Cooling system Central 14
85 Free float Central 2 }» Central Boiler or Furnace
,j) & hanical » Central Solar Thermal Collector Settings
L M vent_B t Me i 1
Wy Hlech vent_tasemen anl » Central Heat Pump Settings
Ve )
(@) Mech vent_Offices Mechanical 10 » Selected Heat Pump Settings (Unit 1)
& Mech vent_Retail Mechanical 4 ¥ Service Hot-Water Heating
@ Matural vent_Attic Mot yet spedifi,.. 1
. . Water Temperature: Cold 10 aC D]
) Natural vent_Flats Mot yet spedfi... 12
@ Natural vent_Staircases Mot yet spedifi... 1 Hot 60 C
Sewer Heat Recovery Efficency: ] %

Aundliary Electricity Need: 2,00 %

Piping Insulation: Average -
) m » » Assigned Thermal Blocks

Create new... Delete | | Cancel | | oK ]
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5.8.1 Building Systems Data Options: Expert vs.
Basic

In the Building Systems dialog box, choose either Expert or Basic view.

.; Energy Evaluation - Building Systems

[Exp&rt view 4 Basic view
" Expert view

The Expert view provides scope for much more detailed user data input on your project’s

MEP systems. Use Expert if your building has already been designed and the MEP systems

documentation is available. In this case, you can expect maximum accuracy in the resulting

Energy Evaluation Performance Report.

» The Basic view options correspond to the Building Systems dialog box in ArchiCAD’s built-
in Energy Evaluation feature. (See ArchiCAD Help for information on those controls.) Use the
Basic view to perform a preliminary energy evaluation during the design phase, or if you do
not have access to the MEP systems design documentation.

The Building Systems dialog box lists each Building System on the left, and the options for each

on the right. The content of the building system options on the right changes depending on which
system configuration is selected.

5.8.2 Assigned Thermal Blocks

In this panel, view or edit the list of thermal blocks that use the selected system.

I Energy Evaluation - Building Systems 7] (ese)
Expert view >
¥ Heating Settings
Defined Systems:
Name Type B @ Central Subtype: @ On Site Equipment
n Central heating m a Local /| Boller or Furnance:
v
@ Free fioat Central 2 Mot yet specified S
> | Water Heat Pump
¢ Mew Building System Central 4 District Heating
-,Q Cooling system Central 14
&5 Free float Central 2 b Central Boiler or Furnace
® " » Central Solar Thermal Collector Settings
) Mech v t
(& Mech vent_Basemen Mechanical ! » Central Heat Pump Settings
@ Mech vent_Offices Mechanical 10 } Selected Heat Pump Settings (Unit 1)
@ Mech vent_Retail Mechanical 4 » Service Hot-Water Heating
@ Natural vent_Attic Mot yet spedfi... 1 ¥ Assigned Thermal Blocks
Fs -
@) Natural vent_Flats Not yet specifi... 12 : 0007 Office1 v
@ Natural vent_Staircases Mot yet spedfi... 1 + Joos Office 2
¢ 009 Office3
s L0100 Office 4
$ 011 Offices
s Qo012 Office 6
$ 013 Office 7
= Q014 Office 8 -
Note: Drag Thermal Blocks in order of precedence.
I Assign...
4 »
Create new... Delete ,] Cancel | | OK )
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Note: It is also possible to assign Building Systems to thermal blocks via the Thermal Blocks

page of the Energy Model Review palette.

Note: Wind and Solar Photovoltaic Energy systems are independent of thermal blocks in the

building and thus are not assigned.

5.8.3 Create New or Duplicate Building System

At the bottom left of the Building Systems dialog box, click Create New.

In the appearing dialog box:

If you want a New system

* use the System pop-up to choose the Building System — Heating, Cooling, Ventilation, Wind

Energy or Solar Photovoltaic
» use the Type pop-up to define its type as applicable

.. Add New Building System

[ 7 el

Name: New Building System
System: i} Heating -
Type: Local -
i Central
- loal
) Duplicate: Not yet spedified

‘ Cancel l [ 0K }

Or click Duplicate to rename the currently selected Building System, so you can edit its settings
without overwriting them. Click OK. The newly created Building System is now listed in the left
side of the dialog box. Highlight it, then use the panels at right to edit its settings.
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5.8.4 Heating and Service Hot-Water Heating

Choose either Central, Local or Not yet Specified to describe your project’s Heating system.

[L. Energy Evaluation - Building Systems -2
Expert view »

* Heating Settings
Defined Systems:

Name Type B @ Central Subtype: () On Site Equipment
4 Central heating Central b=y - Local Boiler or Furnance
Solar Thermal Collector
0 Free float Central 2 Mot yet spedified o e .
Vater Heat Pumg

0 New Building System Central 4 @ District Heating
5% Cooling system Central 14
88 Free float Central 2 » Central District Heating

* Assigned Thermal Blocks
& Mech vent_Basement Mechanical 1
1@ Mech vent_Offices Mechanical 10 + (007 Officel -
@ Mech vent_Retail Mechanical 4 # [oo8  Office 2
&) Natural vent_Atti Not yet spedifi... 1 ¢ Qoos - Offe3
s/ e
W) Natural vent_Attic yet sped « Bon  Offices
@ Natural vent_Flats Not yet spedifi... 12 s (011 Office s
1@ Matural vent_Staircases Mot yet spedfi... 1 + [012  Offices

3 ffice 7
% New Building System Monocrystaline 0 013 Office

+ Q014 Office 8 -

Note: Drag Thermal Blocks in order of precedence.

I Assign...

‘ m "

Create new... Delete | _,‘ Cancel

| ]

Not Yet Specified

Choose this option for Thermal Blocks that are to be heated, but you do not yet know which type
of system will be used.

For such thermal blocks, the energy simulation will take into account the substitution values
defined by the ASHRAE 90.1 standard.

If you use Central Heating

A Central Heating system means that it is assigned (that is, provides heating) to more than one
Thermal Blocks.

Choose a subtype to correspond to your system: either On Site Equipment or District Heating.
» District heating means that the evaluated building’s heating and/or hot water needs are
supplied by an external plant in the form of hot water or steam through a pipeline.

* On Site Equipment means that heating/hot water needs are provided by one or more of the
following devices on site (choose all that apply):

- Boiler or Furnace
- Solar Thermal Collector
- Water Heat Pump
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If you use Local Heating

Choose a subtype to correspond to your system: either Water-circulating or Direct Expansion
(DX).
*  Water-circulating means that the local equipment circulates heated water to the assigned
thermal block(s), using one or more of the following devices on site (choose all that apply):
- Boiler or Furnace
- Solar Thermal Collector
- Water Heat Pump

* Direct Expansion (DX): In a direct expansion heating system, the working fluid from the
heat pump’s outdoor evaporator circulates in the internal condenser as a heat transfer medium
and condenses there. This direct expansion does not require an intermediate heat exchanger,
in contrast to water-based systems that rely on a circulating pump to move water through a
pipe.

Each option’s settings are located on the corresponding dialog box panels below.

Boiler or Furnace

This panel is available if you have checked Boiler or Furnace as one of the subtypes used by
either a Local or Central heating system.

* Central Boiler or Furnace

Control Sensor: Qutdoor A
Capadity: 5000 w
Circulation Pump Electricity Demand: 2.00 % [

Percentage of nominal capacity

Indude Service Hot-Water Heating

‘ Characteristics. .. ‘

‘ Energy Source... ‘

» Control Sensor: Input the type of sensor used to gauge temperature (either indoor or outdoor)
and thereby control the heating system. If your system has both, choose “Outdoor.”

» Capacity: Enter your system’s nominal heating capacity.

* Circulation Pump Electricity Demand: Enter how much electricity the circulation pump
requires, either as a percentage of the nominal heating capacity or measured in watts. (Click
the arrow to choose a unit.)

Specify whether to Include Service Hot-water Heating (that is, whether the central heating unit

also provides service hot water). If you check this box, the additional Service Hot-Water Heating

tab page appears in the dialog box. (See below.)
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The Heating System Characteristics dialog box (click Characteristics...) is a temperature graph.
Use it to set the allowable temperature range for your heating system’s Supply and Return
Temperatures in relation to the external air temperature.

Set the maximum and minimum supply and return temperatures you want to achieve, at the
maximum and minimum external temperatures (also entered by you).

Use the Energy Source button to define the source or multiple sources of energy consumed by
the heating system, as applicable. (See Energy Source dialog box.)

Solar Thermal Collector Settings

Solar thermal collector panels are designed to collect heat by absorbing sunlight and converting
the energy in solar radiation into a more usable form.

This panel is available if you have checked Solar Thermal Collector as one of the subtypes used
by either a Local or Central heating system.

w Central Solar Thermal Collector Settings

Type: Flat plate v
Target: Heating and Hot Water v
Panel Area: 1.00 m?

. Angle to South: Tilt Angle:
: 0.00® 45.00®°
™ .

Circulation Pump Electricity: 2.00 %

‘ Accumulator Tank... ‘

* Type: Choose either Flat Plate or Evacuated tube.
» Target: Set the target for the recovered solar energy: Heating, Hot Water, or both.

Note: If solar collectors are used for multiple targets, then Hot water generation always has
the higher priority. This means that if the solar collector is unable to generate enough energy
to feed all targets, then it is going to feed the water heater first and use the remaining available
energy for heating.

Specify the collector geometry data required for the calculations:

* Panel Area

» Tilt Angle

» Angle to South (or to the North, for southern hemisphere locations)

Circulation Pump Electricity: Enter how much electricity the circulation pump requires, as a
percentage of the total capacity of the Solar Thermal Collector.

Accumulator Tank: Click this to enter the properties of the accumulator tank used by your Solar
Thermal Collector.
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Heat Pump Settings

This panel is available if you have checked Water Heat Pump as one of the subtypes used by
either a Local or Central heating system.

You can define multiple Central Heat Pump units — this enables efficient operations even during
partial- load periods.

* Central Heat Pump Settings

Accumulator Arrangement: Serial -
Accumulator Tank Size: 0.00 m 3 D
Minimum Operation Time: 0 min
Heat Pump Units: Unit 1 20 -
Unit 2 40 =
Unit 3 50 %
Total | 110.00 % /M

Enter data to describe the configuration of your water heat pump system:

* Arrangement (Serial or Parallel)

* Tank Size

*  Minimum Operation Time

In the Heat Pump Units table, click the Plus sign to add as many heat pump units as you have.

For each unit listed here, use the dedicated panel (e.g. Selected Heat Pump Settings (Unit 3)) to
set its properties:
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Selected Heat Pump Settings (by Unit)

¥ Selected Heat Pump Settings (Unit 1)

Target and Priority: = Heating
% [ Hot Water

Source: Soil -
Heating Output: 5000.00 kwh ®
Heating Factor (COP): 4,60
Evaporator Temperature: Nominal 0 ®)
Lowest -3
Condenser Temperature: Nominal 35 5=
Highest &0 =C
Compressor Speed Range: Low 50.00 %
Based on nominal speed of 100%
High 150.00 %
Power Demand of:
Heating Media Circulation Pump: 1.30 %
Brine Circulation Pump v 100 %
Refrigerant: R407C -

For each Heat Pump Unit, specify the following data, which are defined by the particular
specifications of your device:

» Target (Heating, Hot Water or both) — that is, how the energy will be used.

* Priority (drag-and drop the list items to indicate which target — heating or hot water - should
be met first, if the system cannot generate enough energy to feed all targets simultaneously).

» Source (Air, sea, geothermal, or soil) — that is, where the energy comes from.

* Heating Output (in kWh or kBtu).

» Heating Factor (COP): the Coefficient of Performance, that is, the ratio of heat energy
produced per unit of energy consumed.

» Evaporator and Condenser Temperature: these data depend on the particular specifications of
your device. The Nominal value is a reference value for the design phase; Lowest/Highest
define the temperatures at which the heater will be turned off.

» Compressor Speed Range — Compressor speed can vary to ensure maximum efficiency of

operation. These values are your compressor’s maximum/minimum speeds, based on nominal
speed of 100%.
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Power Demand: Enter a relative value for how much auxiliary energy is required to operate
auxiliary circulation devices, as a percentage of the actual capacity of the heat pump unit.

* Heating Media Circulation Pump
» Evaporator Fan OR Brine Circulation Pump
Refrigerant: Select the name of the Refrigerant used by your heat pump.

Service Hot Water Heating

This panel is available if you have checked Include Service Hot-water Heating in the Boiler or
Furnace panel, or at Solar Thermal Collector or Heat Pump Settings.

¥ Service Hot-Water Heating

Water Temperature; Cold 10 o (]
Hot &0
Sewer Heat Recovery Efficiency: 0 oy,
Aundliary Electridty Need: 2.00 %
Piping Insulation: Average hd

Enter Cold and Hot water temperature target values. The calculation engine uses this data to
calculate the energy consumption related to hot water generation.

To change the temperature scale (Celsius or Fahrenheit), click the arrow button next to the input
field.

Sewer Heat Recovery Efficiency: Check this box if your system recovers heat from wastewater;
enter a percentage value of heat recovery.

Auxiliary Electricity Need: Enter the percentage of the service hot-water heating energy need
(this is the electricity demand of the service hot-water system).

Piping Insulation: Estimate the insulation quality of the piping of your heating system: Poor,
Average or Good.

Local Heating - Direct Expansion (DX) Settings

* Heating Output (in kWh or kBtu)

* Heating Factor (COP): the Coefficient of Performance, that is, the ratio of heat energy
produced per unit of energy consumed

* Evaporator and Condenser Temperature: these data depend on the particular specifications of
your device. The Nominal value is a reference value for the design phase; Lowest/Highest
define the temperatures at which the heater will be turned off.
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» Compressor Speed Range — Compressor speed can vary to ensure maximum efficiency of

operation. These values are your compressor’s maximum/minimum speeds, based on nominal
speed of 100%.

Power Demand: Enter a relative value for how much auxiliary energy is required to operate
auxiliary circulation devices, as a percentage of the actual capacity of the heat pump unit.

* Heating Media Circulation Pump
* Evaporator Fan OR Brine Circulation Pump
Refrigerant: Select the name of the Refrigerant used by your heat pump.

5.8.5 Cooling

Choose either Central, Local or Not yet Specified to describe your project’s Cooling system.

IB. Energy Evaluation - Building Systems 7 @
[ Expert view > ]
* Cooling System Settings
Defined Systems:
Name Type B @ Central Subtype: @ Cooling Machine
O Central Heating Central 1 ) Local (") District Cooling
6 New Building System1 Central 1 () Not yet specified
AV e aka. s o T " » Central Cooling Machine Settings
] W nai m
e S ) Assigned Thermal Blocks
() scheduled CH Vent Not yet spedifi... 1
@ Steady ACH Ventilation Mechanical 1
4 m L3
l Create new... ] l Delete ] » Cancel l [ OK

Not Yet Specified

Choose this option for Thermal Blocks that are to be cooled, but you do not yet know which type
of system will be used.

For such thermal blocks, the energy simulation will take into account the substitution values
defined by the ASHRAE 90.1 standard.

If you use Central Cooling

A Central Cooling system means that it is assigned (that is, provides cooling) to more than one
Thermal Blocks.

Choose a subtype to correspond to your system: either Cooling Machine or District Cooling.

» Cooling Machine means that some type of cooling system is to be installed in the building.
» District Cooling: In certain countries, cooled air may be obtained from an external source.
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If you use Local Cooling

A Local Cooling system means that it is assigned (that is, provides cooling) to a single Thermal
Block.

Choose a subtype to correspond to your system: either Cooling Machine or Direct Expansion
(DX).

* Direct Expansion (DX): In a direct expansion system, the working fluid from the heat
pump’s outdoor condenser circulates in the internal evaporator as a heat transfer medium and
evaporates there. This direct expansion does not require an intermediate heat exchanger, in
contrast to water-based systems that rely on a circulating pump to move water through a pipe.

Each option’s settings are located on the corresponding dialog box panels below.

Cooling Machine Settings

This panel is available if you have checked Cooling Machine as one of the subtypes used by
either a Local or Central cooling system.

¥ Cooling System Settings

@ Central Subtype: @ Cooling Machine
Local District Cooling
Not yet spedfied

w* Central Cooling Machine Settings

Cooling Capadity: 1500 W D
Free Cooling Limit: 15 *C D
Circulation Pump Electicity Demand: 1.00 w (»)
Maximum Allowed Relative Humidity: 100 %

Heat Recovery from Exhaust Air

Characteristics... |

* Cooling Capacity: Enter your system’s nominal cooling capacity. (Click the arrow to choose
a unit.)

* Free Cooling Limit: Free cooling refers to the method that uses naturally cool air or water
instead of mechanical refrigeration. The Free Cooling Limit value is the outdoor temperature
below which there is no need to operate the cooling machine. If the outdoor temperature falls
below this limit, then there is no need to run the compressor that transmits the cooling
medium, because the cooling requirement is met by the cooling water flowing through the
outdoor condenser. (Click the arrow to choose a temperature unit.)
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* Circulation Pump Electricity Demand: Enter how much electricity the circulation pump
requires, either as a percentage of the nominal cooling capacity or measured in watts. (Click
the arrow to choose a unit.)

*  Maximum Allowed Relative Humidity: This value is the maximum humidity rate allowable
indoors (in the thermal block to which the current cooling system is assigned). If the indoor
humidity level exceeds this limit, the cooling system is turned off — even if the target
temperature is not yet achieved.

* Heat Recovery from Exhaust Air: Check this box if your system can recover exhaust air
energy.

District Cooling Settings

¥ Cooling System Settings

@ Central Subtype: () Cooling Machine
Local @) District Cooling
Mot yet spedfied

w (Central District Cooling Settings

Circulation Pump Electicity Demand: 1.00 w
Maximum Allowed Relative Humidity: 100 %o

Heat Recovery from Exhaust Air

Energy Source... ‘

* Circulation Pump Electricity Demand: Enter how much electricity the circulation pump
requires, measured in watts.

*  Maximum Allowed Relative Humidity: This value is the maximum humidity rate allowable
indoors. If the indoor humidity level exceeds this limit, the cooling system is turned off — even
if the target temperature is not yet achieved.

* Heat Recovery from Exhaust Air: Check this box if your system can recover exhaust air
energy.

Local Cooling - Direct Expansion (DX)

Enter the following data based on the particular specifications of your device:

*  Cooling Capacity (in kWh or kBtu)

* Heat Factor (COP): the Coefficient of Performance, that is, the ratio of heat energy produced
per unit of energy consumed

* By-pass Factor: the By-Pass Factor is used to express a cooling coil’s efficiency.
» Part Load Coefficient
* Refrigerant: Select the name of the Refrigerant used by your heat pump.
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Evaporator and Condenser Data
These data depend on the particular specifications of your device.

* Temperature: Nominal working temperature of the Evaporator/Condenser

* The Lowest/Highest values define the temperatures at which the cooler will be turned off.

* Temperature Difference: Nominal temperature difference between cooling medium and the
coil surface on the Evaporator/Condenser.

¥ Cooling System Settings

() Central Subtype: () Cooling Machine
@ Local @ Direct Expansion (DX)
() Mot yet specified

w Local Direct Expansion (DX) Settings

Cooling Capacity: 1500 w D
Heat Factor (COP): 3.00

By-pass Factor: 5.00 Yo

Part Load Coeffident: 0.30

Refrigerant R407C -

Evaporator: Temperature 10 o [»]

Lowest Operation Limit 5

Temperature Difference 5

Auxiliary Fan Electircity Demand 400 W
Auxiliary Fan Air Flow 200 m2h  [»)
Condenser: Temperature 35 °C [»]

Highest Operation Limit 45
Temperature Difference 5

Auxiliary Fan Electricity Demand 0 W
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5.8.6 On-Site Renewables

If your project includes a wind turbine and/or Solar Photovoltaic panels, you can create the
corresponding Building Systems by clicking Create New in the Building Systems dialog box.

I Energy Evaluation - Building Systems

[E)q:ert view l']

Defined Systems:

Name & Type B
b Central Heating Central 1
C) New Building System1 Local 1
£ Central Cooling Local 0
5::? New Building System2 Local 1
@) scheduled CH Vent Not yet spedifi... 1
(®) steady ACH Ventiation Mechanical 1
ﬁ New Building System Vertical Axis
E New Building System Monocrystaline -
‘ m | »
l Create new... l Delete l G
I Add New Building System I Add New Building System X5
Name: New Building System Name: New Building System
System: s{ Wind energy J:] System: %} Solar photovoltaic l:]
: Heating : € Heating
Type: b Type: )
£ Cooling 2% Cooling
@ New @ Ventilation @ New @ Ventilation
& M wind enrgy
%' Solar photovoltaic £} Solar photovoltaic
[ Cancel ] OK |  Cancel ] [ oK ]

* These Building Systems (Wind energy and Solar photovoltaic) produce renewable energy but
are not directly connected to the building structure; so they are not assigned to any Thermal
Blocks.

» Electrical energy produced by these Building Systems is assumed to be used locally to power
the rest of the Building Systems, and is not fed back into the power grid.

* The data from these Building Systems are reflected in the Energy Cost and Carbon Footprint
sections of the Energy Performance Evaluation Report.

* These Building Systems are taken into account as renewable energy sources for the LEED
certification.
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* These Building Systems are available only in the Expert view of the Building Systems dialog
for EcoDesigner STAR. However, if the project is opened in ArchiCAD without the
EcoDesigner STAR license, any data previously entered for Wind energy/Solar photovoltaic
systems are taken into account - but these data are not accessible or editable, except in
EcoDesigner STAR.

Wind Energy Settings

Enter the data depending on the particular specifications of your wind turbine.

* Wind Energy Settings

Type: Vertical Axis -
Nominal Capacity: 10.00 kw

Nominal Windspeed: 50.00 mfs [
Windspeed Limit: 80.00 m/s

* Type: Choose the type of your Wind Turbine: Vertical Axis or Horizontal Axis.

* Nominal Capacity (in kW)

* Nominal Windspeed: Enter a value in m/s or in knots. (Click the arrow to choose a unit.)
*  Windspeed Limit: If windspeed exceeds this limit, the turbine will be turned off.

Solar Photovoltaic Settings

Enter the data depending on the particular specifications of your PV panels.

w Solar Photovoltaic Settings

Type: Monocrystalline -
Nominal Peak Power: 150 Wfm?
MNominal Effidency: 15 %
Temperature Coeffident: -0.54 %af°C ()
Panel Area: 10,00 m2

Angle to South: ﬁ Tilt Angle:
i 7y

’fl‘?i 0.00° 45.00°

* Type: Choose the type of Solar PV panel you use: Monocrystalline, Polycrystalline or
Amorphous.
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* Nominal Peak Power: This value (in Watts/m2) is the amount of electricity generated on one
unit of panel area. (Under standard test conditions: irradiance of 1,000 W/m?, solar spectrum
of AM 1.5 and module temperature at 25°C).

* Nominal Efficiency: The efficiency of a panel determines the area of a panel given the same
rated output - an 8% efficient 230 watt panel will have twice the area of a 16% efficient 230
watt panel.

* Temperature Coefficient: Energy efficiency of the panel varies depending on temperature.
(Click the arrow to choose a temperature unit.)

If you look at the manufacturer’s data sheet you will see a term called “temperature coefficient”.
For example the temperature coefficient of a Suntech 190 W (monocrystalline) solar panel is —
0.48%. What this means is that for each degree over 25°C, the maximum power of the panel is
reduced by 0.48%.So on a hot day in the summer — where solar panel temperature on the roof
might reach 45°C or so — the amount of electricity would be 10% lower. Conversely, on a sunny
day in the spring, fall, or even winter — when temperatures are lower than 25°C — the amount of
electricity produced would actually increase above the maximum rated level. Therefore, in most
northern climates — the days above and below 25°C would tend to balance each other out.

However, in locations closer to the equator the problems of heat loss could become substantial

over the full year and warrant looking at alternatives.

Specify the panel geometry data required for the calculations:

* Panel Area
» Tilt Angle
» Angle to South (or to the North, for southern hemisphere locations)

5.8.7 Ventilation

Specify the type of ventilation used in the building: “Not Yet Specified Or Natural,” or
“Mechanical”.

Not Yet Specified Or Natural Ventilation

Use Not Yet Specified for Thermal Blocks that are to be ventilated, but you do not yet know
which type of system will be used. For such thermal blocks, the energy simulation will take into
account the substitution values defined by the ASHRAE 90.1 standard.
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Natural Ventilation involves no MEP systems: natural air currents drive fresh air into the
building and used air out of it. From an ecological point of view, natural ventilation is preferable
to mechanical solutions, but due to its limited controllability its use is largely limited to
residential buildings.

w Ventilation System Settings

Mechanical Subtype: (@) Time Scheduled
@ Not yet specified or Internal Temperature Controlled
Matural

Constant Air Volume (CAV)

Variable Air Volume (VAV)

¥ Mot yet specified or Natural Ventilation

Air Flow 1 m23h b

Operating Schedule...

Air Flow: Describe the air flow if you are using natural/unspecified ventilation. This target value
depends on national standards, and will vary depending on the building’s function and the local
climate.

Click the arrow at right to choose a unit:

*  Cubic meters per hour
» Liters per second

* Air Change per hour (ACH): how many times the air volume of thermal block is replaced per
hour

Click Operating Schedule to open the dialog box that describes the typical air flow over one or
more date/time ranges over the course of a year.

See Operating Schedule for details.

Mechanical

For building functions that fall under strict target air exchange standards, a mechanical ventilation
system of some sort is needed.

Choose a subtype to correspond to your system:
* Time Scheduled ventilation systems vary their operations depending on the target air
exchange values of each pre-set daily/yearly schedule.

* Internal Temperature Controlled ventilation systems vary their operations not by date/time,
but as a function of the current internal temperature. There are two types of this system:

- Constant Air Volume (CAV), or
- Variable Air Volume (VAV)
Each subtype’s settings are located on the corresponding dialog box panels below.
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Time Schedule Settings

* Ventilation System Settings

@ Mechanical

Subtype: @ Time Scheduled

") Not yet specified or

Natural

¥ Time Schedule Settings

[¥] supply

[¥] Exhaust

[¥] Preheating
[ Precocling
Heat Recovery

["] Redrculation

[ Air Flow Reduction

"I Internal Temperature Controlled

Constant Air Volume (CAV)
Variable Air Volume (VAV)
Operating Schedule. ..
Pressure 600 Pa D)
Fan Effidency 55 %
Pressure 500 Pa D
Fan Effidency 55 %
| Edit...
l Edit...

l Control Settings...

Exhaust4

Outside

4 Return

Fresh p

@ Inside
©

JP Supply

Supply/Exhaust Data

Check Supply, Exhaust, or both to describe your mechanical ventilation system.

Notice the sketch of the air handling unit below: the corresponding (supply/exhaust) fans are
either shown or greyed out, depending on your settings.

*  Supply-only systems rely on fans to drive fresh air into the thermal block.
» Exhaust-only systems rely on fans to extract used air from the thermal block.
* Supply and exhaust systems mechanically control both the air intake and outlet procedure.

Enter nominal Pressure and Fan Efficiency data to describe the fans used for supply and/or
exhaust. (Choose a Pressure unit from the pop-up at right.)
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Additional Functions of the Air Handling Unit

Your mechanical ventilation system may include some or all of the following functions:
Preheating, Precooling, Heat Recovery, Recirculation, and Air Flow Reduction.

The values depend on the particular specifications of your device.

Check all that apply. Again, notice the sketch of the air handling unit below: the corresponding
parts of the drawing are either shown or greyed/hidden, depending on your choices.

For each checked function, click Edit to specify the parameters for each: the Operating
Parameters graph shows how the temperature of the supplied air varies with the external air

temperature.

* Preheating and Precooling: These functions cool and/or heat the fresh air before it is
transmitted to the indoor space. (If you use both, the effect of cooling, then heating the air will

reduce its humidity.)

The next three functions — Heat Recovery, Recirculation, and Air Flow Reduction — help to
optimize the energy efficiency of the air handling unit, by reducing the amount of energy needed

to heat the incoming air.

* Heat Recovery: This function regains a percentage of the heat content of mechanically
expelled ventilation air, by way of a heat exchange between the (warmer) exhaust air and the

(cooler) supplied air.

Specify the target Recovery Efficiency data for the entered minimum and maximum External Air

Temperature values.

[l Heat Recovery Operating Parameters ’T‘@
< ®
Recovery Efficiency (%) 60 70
External Air Temperature 0 15
80 -
e pm—— =
—_——
g o B
L
] 20 1
=
w
g
&
W A 1
5 0 5 10 .1
-20
Ecternal Ar Temperature
Cancel l OK l
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* Recirculation: This function uses a set of dampers to enable a certain amount of exhaust air
to be recirculated indoors. Set the parameters to define the target supply air temperature.

[L. Recirculation Operating Parameters E@l
c @
Supply Air Temperature 15 35
External Air Temperature 13 15
45 -
/

2 1 /

Supply Air Temperature

-10

External A Temperature

Cancel oK

* Air Flow Reduction: This function reduces the amount of incoming air flow (and consequently
modifies the Air Change per Hour, notwithstanding the Air Flow target value you entered). Your
system may employ Air Flow Reduction at times when the incoming air supply is very cold;
reducing the air flow reduces the amount of energy needed to heat air supply.

Set the parameters to define the target supply air temperature.

.; Air Flow Reduction Operating Parameters ’T‘
'c ()
Supply Air Temperature [100] 100
External Air Temperature -20 20
200
150 4
g 100
£
= L
B
-
30 15 0 15 0 =
-5 4
Externz| Air Tampearature
N -
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Control Settings

This button is available from the Time Schedule Settings panel (if you are using a Time-
Scheduled, Mechanical ventilation system). The Control Settings dialog box contains additional
options related to the operations of your air handling unit. These are recommended for expert
users only; most users should retain the default settings.

Operating Schedule

Click this button (available in the Time Schedule Settings panel if you are using a Mechanical
ventilation system that is time-scheduled, or if you choose Natural/Not Yet Specified ventilation).

Supply and exhaust data may vary by day of the week and over the course of the year. The
ventilation Operation Schedule can consist of any number of daily schedules, which correspond
to specific date ranges and days of the week.

Specify the desired Air flow unit (ACH, m3/h, or I/s) in the pop-up in the lower left corner.

This target value depends on national standards, and will vary depending on the building’s
function and the local climate.

i Operation Schedule 7 |3
Supply [ACH] Exhaust [ACH] Time Range Recurrence Date Range In Use [hr] [ Add
0 0 All day Sat Sun All year 2496
+8 8 All day Mon Tue Wed Th... All year 6264
LU T Bl Air change per hour (ACH) - Out of Operation:
| Cancel | | oK

For each daily schedule, you can define the following characteristics:

* Recurrence: days of the week when the particular schedule is in effect
* Date Range: periods of the simulation year during which the schedule occurs

Recurrence and Date Range define the In use hours (the total number of hours during which the
selected Daily Schedule is in effect).

If the Overlapped hours counter appears at the bottom right corner of the Yearly Operation
Scheduler, it means that further modifications in Recurrence and Date Range are necessary
because there are some hours of the reference year with more than one operation schedules
assigned to them.
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Constant Air Volume (CAV) Settings

This panel is available if you have a Mechanical ventilation system that is Internal Temperature
Controlled, with a Constant Air Volume. That is, the Thermal Block is supplied with a constant
volume of air, whose temperature is varied as needed.

¥ Ventilation System Settings

@ Mechanical Subtype: Time Scheduled
Not yet specified or @ Internal Temperature Controlled
Natural

@ Constant Air Volume (CAV)
Variable Air Volume (VAV)

* Constant Air Volume (CAV)

Room Temperature Limit: 24 c D
Temperature Difference Limit: 2 "G
| Supply: Air Flow 1 m3a/h D
Pressure 100 Pa D
Fan Efficiency 90 %
V| Exhaust: Air Flow 1 m3/h D
Pressure 100 Pa [»]
Fan Effidency 90 %

Room Temperature Limit: If the internal temperature exceeds this limit, the ventilation unit will
go into operation. Once the room temperature is within the Temperature Difference Limit (e.g.
2 degrees) of the target Room Temperature, the system stops. This works if it is cooler outside
than inside.

Enter Air Flow, Pressure and Fan Efficiency data for the ventilation air supply and exhaust.

* Specify the desired Air flow unit (ACH, m3/h, or I/s) in the pop-up at right
» Choose a Pressure unit from the pop-up at right

Variable Air Volume (VAV) Settings

This panel is available if you have a Mechanical ventilation system that is Internal Temperature
Controlled, with a Variable Air Volume. That is, air is supplied to the Thermal Block at varying
volumes to maintain the desired internal temperature.
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The Variable Air Volume system is available only if the Thermal Block to which it is assigned
also has a cooling system.

‘ Warning!

You cannot connect VAV ventilation to a thermal blodk

! without cooling. If you switch this building system to
VAV type, some thermal block assignments will be
removed!

-

[ Cancel ] [ OK l

¥ Ventilation System Settings

@ Mechanical Subtype: () Time Scheduled
") Not yet spedified or @ Internal Temperature Controlled
Natural

() Constant Air Volume (CAV)

@ Variable Air Volume (VAY)

w Variable Air Volume (VAV)

Control Strategy Priority: @) Lower Supply Temperature
() Increase Air Flow

Supply Air Lower Limit Temperature: 10 *C [»]

Heat Exchange Effidency: 11 3

Control Strategy Priority: Choose the priority mechanism for varying the air supply
temperature:

* Lower Supply Temperature: In this case, the cooling system cools down the air supply first.

* Increase Air Flow: In this case, the preferred mechanism is to increase the amount of
supplied air first.

Both mechanisms will operate in any case, but the setting here determines which will be used

first.

Supply Air Lower Limit Temperature: Enter the lower limit for the temperature of the supplied
air.

Note: If supplied air at the lower-limit temperature is not cold enough to meet cooling needs,
then the air flow is increased.

Heat Exchange Efficiency: If your ventilation system includes a heat recovery unit, enter its
effectiveness (as a percentage) here. This function regains a percentage of the heat content of
mechanically expelled ventilation air, by way of a heat exchange between the (warmer) exhaust
air and the (cooler) supplied air.
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Energy Source

Press the Energy Source button from either the Boiler or Furnace tab page (Heating System) or
the District Cooling Settings tab page (Cooling System).

Energy Source

| Heating energy sources:

Source Proportion

Natural gas 70%

Wood * 30 +—
Total:  100%

" Cancel ) 0K )

In the appearing Energy Source dialog box, click on a listed Source item and use the dropdown to
specify energy sources (Natural gas, Propane, Oil, Wood, Coal, Electricity or Pellet) for the
Boiler/Furnace or Cooling System.

If you use more than one energy source for a function, click the + (plus) button, then choose an
additional energy source.

Define the proportion of each source used so that the Total add ups to 100%.

To remove a row, click the — (minus) button.

EcoDesigner STAR User Manual 121



Additional Data Assignment and Input

In the table below, the energy sources used by EcoDesigner STAR are listed according to their
type and with their colors as displayed on the Energy Balance Evaluation report.

Renewable Secondary

Matural Gas Electricity

Solar

Exhaust air l

il 2,
_————

District cooling

W'QOd

5.9 Energy Source Factors

Open this dialog box from the Model Review Palette’s pop-up at the top right, from Design >
Energy Evaluation > Environment Settings.

5.9.1 Primary Energy and CO2 Emission Factors

For each energy source, default values are shown for primary energy and CO2 emission factors.
These default values, which vary according to Project Location, are based on standard DINV-

18599.
OMOuB) Energy Source Factors
Enter energy source factors:
Source name Primary energy  CO2 emission [kg/...
Bl wood 1.20 0.03
W eellet 1.20 0.03
MNatural gas 1.10 0.22
Propane 1.10 0.29
PBoi 110 0.30
B coal 1.20 0.29
B electricity  3.00 0.17
[ District heating 1.00 0.24
[ District cooling 1.00 0.50

Use these default values, or enter other region-specific data if available.
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5.9.2 Sources of Electricity Production

At the bottom of the Energy Source Factors dialog, define the building’s source or multiple
sources of electricity. Click on a listed Source item and use the dropdown to specify the source of
electricity (Natural gas, Propane, Oil, Wood, Coal, Nuclear energy, Wind energy, Solar energy,
Water energy or Unknown).

Electricity is produced from:
Source name Proportion
Natural gas 70%
- Nuclear energy ¥ 30 +j—
Total: 100%
Cancel ) (0K )

If you use more than one energy source, click the + (plus) button, then choose an additional
source. Define the Proportion of each source used so that they add up to 100%. To remove a row,
click the - (minus) button.

S.10Energy Costs

Open this dialog box from the Model Review Palette’s pop-up at the top right or from Design >
Energy Evaluation > Environment Settings.

In the top part of the panel, enter the currency name or its abbreviation in the Displayed currency
unit field.

Energy Costs

Displayed currency unit: EUR

Enter the prices of the purchased energy:

Price
B District h... 0.0600 EUR/ kWh »
Natural gas 0.0400 EUR/ kWh
. Electricity 0.1100 EUR/ kWh

" Cancel ) £ o 3
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Use the bottom part of the panel to define the Prices of purchased energy. These prices, of course,
vary by location and therefore must be entered numerically by the user. Select the Unit of energy
(e.g. kWh) from the dropdown list. Next, select a row representing a source of energy, and then
enter the price, in the currency you chose.
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6. Building Energy Simulation

6.1 Building Geometry and Material
Property Data Export

EcoDesigner STAR enables ArchiCAD model geometry and material property data export to 3rd
party building energy calculation software. Use these communication platforms to enable the
direct transfer of building model information to engineering analysis tools, eliminating the need
for time consuming plan takeoffs, this removing a significant cost barrier from the design project.

Click the arrow next to the Start Energy Simulation button to display the available data export file
formats

Start Energy Simulation :.JJ
Export to gbXML...

Export to PHPP...

Export to SBEM...
Export to VIP-Energy...
Save as Baseline Building...

6.1.1 Export to gbXML

Use the dedicated export panel to save the project in gbXML file format.

) 0 O Save
Save As: Demo bldg.xml -
4| » || 25 E‘ 0o | imi || 2 + || @ Example Sl O
Name 4| Date Modified Size
Format: | gbXML Files v |
. New Folder | Cancel | Save
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The Green Building XML (gbXML) open schema helps facilitate the transfer of relevant BIM
properties to building energy analysis tools. Supported by both the leading 3D BIM vendors and
the major engineering analysis tools, gbXML is the industry standard Building Geometry and
Material Property Data Export schema.

6.1.2 Export to PHPP

The Export to PHPP button activates the PHPP Export dialog box, which enables you to send
building information model data to the PHPP Excel workbook you specify, for post processing.

PHPP Export
Browse for your copy of the PHPP2007 Excel workbook to use as a
template.
Browse... |
| Cancel | Export...

PHPP is the official Excel workbook created by the Darmstadt Passivhaus Institute, to calculate
the energy demands of Passivhaus projects. Passivhaus is a design directive that aims to realize
extremely low energy projects (mainly small scale residential) in a relatively simple manner, by
following certain strict yet straightforward design guidelines.

Note: the PHPP Excel workbook is an independent product of the Darmstadt Passivhaus
Institute and is not a part of GRAPHISOFT EcoDesigner. For more information on PHPP and
the Passivhaus Institute visit the official website at Attp./www.passiv.de/

The directive sets stringent threshold values for the Specific annual net heating and cooling
demands (15 kilo watt hours per square meter, year maximum), total annual specific primary
energy demand (less than 120 kilo watt hours per square meter, year), and average infiltration
(maximum 0.6 1/h).

Note: The Key Values section of the EcoDesigner Building Energy Evaluation Report
displays these performance data, as calculated by The VIP-Core Calculation Engine.

Key Values
General projed: data Heat transfer coeffidents U walus [ m2K]
Location Stockhalm wilding shell average 0.63
Activity Type Ofice i 025-025
Evalustion Date 5232011 2:27 PM 045-0A45
BuithgEx:melJ’ychla R _1.60- 160
Treated floor area 14014 m2
Building shell are=z 9562 m2 Spedfic anmuel demands
Ventilsted wolume 46246 m3 et heating ensrgy 37.26 kWhim2a
Gazing ratic 22 oo et coaling enengys 1831 kWb /m2a
EJIHI"IQ shdl FPEI'fC!TI'IEII'l:E data E‘“ér;’-_' onsumipti on 196_47 kb fm2a
I:.r sakage 0A5 -nJ'_ I FT“‘EI"-'E!‘&F;"-' 23877 Kh/m2a I
uter heat apacty: = = Meh
Jpe ration cost 10.54 BJR/m2a
G002 emission: 24.43 kg/m2a
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Use the PHPP Export panel to browse for the official PHPP Excel workbook to be used as a
template, then save the project-specific PHPP Excel file under a different name.

The following ArchiCAD building model data are exported to the respective fields of the project-
specific PHPP workbook:

Data location in EcoDesigner Data location in PHPP
Structures Areas
Building shell elements Area Input entries
Omentation Building Element Description
Building structure Building Assembly Description
Area Area Input / User Determined
Thermal Property Assignment Corresponding Building Element Assembly
U-value Calculator U-Values
Skin Name Area Section
Extemal heat transfer coefficient Heat Transfer Resistance exterior
(reciprocal of the External heat transfer coefficient)
Internal heat transfer coefficient Heat Transfer Resistance interior
(reciprocal of the Internal heat transfer coefficient)
Thermal Conductivity Thermal Conductivity
Thickness Thickness
Thermal Conductivity Thermal Conductivity
Openings Windows
Openings on building shell entry Windows list entry
{(combined®) (each ArchiCAD opening individually)
Ormentation Description; Deviation from North: Angle of
Inclination from the Horizontal
(From ArchiCAD building model) Window Rough Openings / Width and Height
(From ArchiCAD building model) Installed in Area in the Areas worksheet

*Note: Openings are not listed one by one in EcoDesigner: instead. the data are totaled for the opening
type and orientation. However, they are exported to PHPP individually.

6.1.3 Export to SBEM

Use EcoDesigner STAR’s SBEM Export panel to browse for the official SBEM file to be used as
a template, then save the project-specific SBEM file under a different name.

SBEM Export

Browse for your copy of a SBEM project file to use as a template.

| Browse... |

Cancel | | Export...
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SBEM is a software tool developed by BRE that provides an analysis of a building s energy
consumption. SBEM stands for: Simplified Building Energy Model. SBEM is used for non
domestic buildings in support of the British National Calculation Methodology (NCM), the
Energy Performance of Buildings Directive (EPBD) and the Green Deal.

The tool is currently used to determine CO, emission rates for new buildings in compliance with
Part L of the Building Regulations (England and Wales) and equivalent Regulations in Scotland,
Northern Ireland, the Republic of Ireland and Jersey. It is also used to generate Energy
Performance Certificates for non-domestic buildings on construction and at the point of sale or
rent.

The latest version of the SBEM tool and its accompanying user interface, iSBEM, can be
downloaded free of charge from the dedicated National Calculation Methodology website
at http.//www.ncm.bre.co.uk/ (opens in a new window).

Note: source of quote in italics: Attp./www.bre.co.uk/page.jsp?id=706

6.1.4 Export to VIP-Energy

The Export to VIP-Energy button activates the dedicated dialog box, which enables you to save
all calculation input data in a .zip file archive that contains the VIP Energy input file package.

LO.O.O Export to VIP-Energy
Save As: EcoDesignerStar.zip =
<4 |p» || 28 E oo mi || 2 « || (@ Example | (Q
‘Name 4 Date Modified Size

Format: | VIP-Energy Input File

| 4k

New Folder Cancel | | Save

The saved file can be opened by the StruSoft VIP-Energy software for detailed energy analysis of
the designed building.

6.1.5 Save as Baseline Building

Use this option to save the project as a Baseline Building reference data file (in BAS file format).

See the Performance-Rating Workflow chapter for more information regarding the Baseline
Building concept.
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6.2 Start Energy Simulation

Once all necessary input data are obtained by means of geometry analysis and user input, the data
input into the VIP-Core calculation engine built into ArchiCAD.

Select the Start Energy Simulation button to launch the VIP-Core Calculation Engine, which
performs the dynamic energy analysis. EcoDesigner STAR calculates the energy balance of a
building during a period of one year, and displays the results on the Energy Performance
Evaluation Report.

6.2.1 Simulation Setup

The Simulation Setup dialog appears after the Start Energy Simulation button is pressed only if
the “Select Baseline Building Preference at Start of Simulation” option is checked on the Energy
Simulation Options panel.

r‘ Simulation Setup I_‘ﬁ ’ "

! _ Select Baseline Building generation method:

MNo Baseline Building

@ External Baseline Building | Browse...

| Don't display this disleg again Cancel Continue...

Select No Baseline Building to execute the building energy simulation without performance
rating, or Browse for the Baseline Building reference data file to enable the performance rating
calculation.

Performance-Rating Workflow

Performance Rating means that the designed building’s energy performance is compared with a
so-called baseline building. Different building energy standards define baseline buildings
differently. Usually it is a modified version of the design project specified to comply with
minimum building energy efficiency requirements or to represent the statistical average for
similar constructions.

Use EcoDesigner STAR’s performance rating workflow to compare the designed building’s
energy efficiency with the performance of a baseline version of the same project.

* Create a baseline building PLN file (Baseline Building.PLN) by saving a copy of the design
project PLN (Designed Building.PLN)

* Modify Baseline Building.PLN according to the relevant energy performance rating
standard’s instructions
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Use the Save as Baseline Building command to create the Baseline Building reference data
file (Baseline Building. BAS)

Open Designed Building.PLN and click the Start Energy Simulation button
Import Baseline Building.BAS into Designed Building. PLN
Select Continue to proceed with the energy simulation

View the results of the comparative calculations (Designed Building.PLN’s energy
performance vs. Baseline Building.PLN) using the Building Energy Performance Evaluation
report chapters dedicated to Performance Rating

Baseline Building Reference File Processing Options

There are two different ways EcoDesigner STAR can use the baseline building reference file:

Straight-up performance comparison with the designed building’s performance

The baseline building reference data is first automatically processed by the program
according to the ASHRAE 90.1 Standard (LEED Energy) and the resultant data is then used
for energy performance comparison.

Select Energy Simulation Options from the Energy Evaluation functions list. The list can be
opened in two ways:

Select Energy Evaluation from the Design menu
By clicking the button on the upper right corner of the Energy Model Review palette

Energy Model Review - Thermal Blocks |

- m ™ Operation Profiles...
m B i —
' 0 Structures | [ Openings f& Environment Settings...

age basement £~ Climate Data...
‘case

¥ Building Systems...

i € Energy Source Factors...
1 &5 Energy Costs...
2 (duplex)

¢ Thermal Bridge Simulation...

3

4 ¢+ Energy Simulation Options...
|

Under Baseline building, checkmark the Select Baseline Building Preference at Start of
Simulation option or Browse for the baseline building reference file directly.
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Simple Baseline Building Processing

Uncheck the “Include all four building orientations” option on the Energy Simulation Options
panel to skip the ASHRAE 90.1 Baseline Building processing functionality (see next chapter for
details) and use only one baseline building simulation run for the designed building’s energy
performance rating.

Energy Simulation Options

Radiation part of the internal heat gain: 60 %
Latent part of the human heat gain: 0 9%
Maximum number of iterations steps: 40

Baseline Building:
(¥ Select Baseline Building Preference at Start of Simulation

No Baseline Building

* | Exterr Baseline Building Browse
Include all four building orientations (according to ASHRAE 90.1)
Reserve EcoDesigner* license when ArchiCAD starts

Cancel —ok-—

The simple baseline building method that only requires two simulations (one for the designed
building and another for the baseline building).

ASHRAE 90.1 Baseline Building Processing

This EcoDesigner STAR functionality complies with Building energy performance rating
standard ASHRAE 90.1 2007 Appendix G: Performance Rating Method as referenced by
USGBC LEED — Energy 2007.

The program automatically rotates the baseline building by 90 degrees three times, re-analyzing
the project after each rotation. Eventually, the four baseline building variations’ energy
performance is averaged and the resultant data set is used for the performance rating of the
designed building.
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According to ASHRAE, the baseline building performance data generated this way represents the
average design solution better, because it disregards differences in orientation caused by specific
architectural solutions.

Energy Simulation Options

Radiation part of the internal heat gain: 60 %
Latent part of the human heat gain: 0 %
Maximum number of iterations steps: 40

Baseline Building:
l?-' Select Baseline Building Preference at Start of Simulation

No Baseline Building

* | External Baseline Building Browse
™ Include all four building orientations (according to ASHRAE 90.1)

Reserve EcoDesigner* license when ArchiCAD starts

Cancel oK |

ASHRAE 90.1 (LEED Energy) baseline building reference data processing requires five
simulations (designed building plus four baseline building versions). The simulation runtime with
this baseline building processing type is therefore longer than with the simple baseline building
processing method.

EcoDesigner STAR-s automatic baseline building processing functionality is also a great tool for
checking the designed building’s orientation whether it is truly optimized or perhaps a rotated
layout with the thermal blocks facing different orientations would actually be more energy
efficient.

6.3 Advisory Messages

The “Advisory Messages” dialog box appears if:

* the required input data are insufficient
See Additional Data Assignment and Input.
» there are simulation errors

See VIP-Core Dynamic Simulation Engine.

Errors will be required to be resolved before continuing. However, resolving Warnings is
optional.
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6.3.1 Errors And Recommended Solutions

(mandatory to resolve before continuing)

* Thermal properties of a used materials (cut fill type) are not defined.
- Error icon: “Fill Types with missing properties”
- List of cut fill types - hatch pattern, name

- To-do: “Select the relevant Fill Type from the Fill Types dialog box and enter the
missing values (values are required to be more than zero) in the Physical Properties
panel.”

* “Climate data is not available.” (missing or the server is not accessible)
- Error icon, “Climate Data is not available.”

- “To edit the Climate Data, open the Environment Settings dialog box from the Model
Review palette.”

*  “One or more used Fill Type/Composite Structure is missing.” (attribute definition of an used
fill were deleted)

- Error icon, “Structures with missing attributes.”
- List of structures with missing cut fills - orientation, type, area
» “Select the relevant model elements and edit its Cut Fill attribute.”
* “Energy simulation runtime error.” (engine errors during the hourly energy simulation)
- Error icon, “Simulation engine errors.”
- List of <Engine error code + description>.
- To-do: “Contact technical support:”
*  “No valid Operation Profile selected.”
- Error icon, “Operation Profile is missing or not defined.”
- To-do: “Select an available profile from the Operation Profile dialog.”
* “Energy model analysis error.”
- Error icon, “Energy model analysis did not found any structure or openings.”

- To-do: “Check the geometry of the Zones and update them using the Update Zones
command.”

6.3.2 Warnings And Recommended Solutions

(optional to resolve before continuing)
» “Zones are outdated and/or have errors.” (i.e. not up to date, overlapped zones, visible zones
which are not assigned to any TB) - zones on hidden layers will not appear
- “Outdated zones:”
- List of Zones - Zone ID, zone name, thermal block name

- To-do: “Check the geometry of the above Zones and update them using the Update
Zones command.”
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* “Location data varies between project location and climate data.”

- Warning icon, “Location data does not match between project location and climate
data.”

- To-do: “Either modify the project location from the Project Location dialog box or
modify the climate settings from the Environment Settings dialog box accessed via the
Model Review palette.”

» Simplified building system is attached to a Thermal Block.
“Thermal Blocks with simplified building system:”

- List of Thermal Blocks - color swatch, number, name
- To-do: “Choose detailed settings from the Building Systems dialog and add the relevant
details of HVAC systems used within building.”
*  “Building shell contains one or more empty opening(s).”
- Warning icon, “Building shell is not closed because external wall contains empty
opening.”
- To-do: “Review the Opening list and modify empty opening if necessary.”
On the Structures and Openings lists, a yellow warning exclamation mark appears next to those
entries which contain faulty or missing data. (The problematic list items are also highlighted in
pink.)
See Additional Data Assignment and Input.

6.3.3 Show List in Browser

Press the Show List in Browser button of the Advisory Messages dialog to display the list of
errors and warnings in a browser window. This way the list can remain open for reference while
you fix the building model in ArchiCAD following the instructions of the Suggestions / Notes
field.

6.4 VIP-Core Dynamic Simulation
Engine

6.4.1 Specification

The VIP energy simulation software module integrated in ArchiCAD (a.k.a. engine) is a result of
more than 20 years of research and commercial use. It relies entirely on dynamic models, in
which every model is broken down to a level where facts and behavior are known. Each
component group is analyzed separately. The calculation is repeated every hour. The accuracy of
each model has been validated and verified against real buildings under real usage. In calculating
a building’s energy consumption, the program utilizes known or measured facts about all parts of
the energy flow.

VIP-Energy is produced by Structural Design Software in Europe AB http./ www.strusoft.com/

For technical information about VIP-Energy and for a more detailed explanation of the different
calculating models, see http.//vip.strusoft.com/.
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6.4.2 Validation of Calculation Accuracy

EcoDesigner STAR uses the same simulation kernel as EcoDesigner STAR add-on for
ArchiCAD. This kernel is validated with ANSI/ASHRAE Standard 140-2007: Standard Method
of Test for the Evaluation of Building Energy Analysis Computer Programs.

Note: To produce code-compliant energy simulation results, the expert user interface of
EcoDesigner STAR is necessary.

The ASHRAE Standard 140 test documentation for EcoDesigner STAR will be available on the
official product website, following the add-on’s release.

The stand-alone VIP Energy product, which also uses the same simulation kernel as EcoDesigner
STAR, is also validated with the following tests:

EN-15265

IEA-BESTEST

ASHRAE-BESTEST (ANSI/ASHRAE Standard 140-2001)

StruSoft-BESTEST

Validation results can be read at http.// www.strusoft.com/index.php/en/validationvip
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7. Energy Performance
Evaluation Report

7.1 Evaluation Report Dialog

After the dynamic energy simulation is finished, the Evaluation Report dialog appears. Use the
controls on the left side to customize certain aspects of the Energy Performance Evaluation
report’s content before saving it.

OO EcoDesigner* - Evaluation Report

* Header and Footer I

|
| _* Report Format

| ¥ Report Chapters

Energy Performance Evaluation
[Project Number] [Project Name]

General Project Data Heat Transfor Cosfficients U value [Wim?K]
ED star simple test bldg 22 B Shell Average: T
116-1.16
HUN_Debrace_20_IW 0.25 - 2.90
Mar 1, 2013 12:50:16 PM 025-2.18
289-304
TE11.95 m
7263.01 m 10.45 KWhim?a
4328.41 m 0.00 EWhim“a
-3 21081.64 m 10.45 EWhim“a
Glazing Ratio: 17 % 47.58 kWhim“a
47.58 KWhim“a
Building Shell Performance Data F arg 122.22 KWhim’a
Infiliration at 50Pa: 0.80 ACH F st 463 EURIm'a
Outer Heat Capacity: - HmK CO, Emission: 10.42 kg/mra

001 Storage basement - Key Values

Heat Transfer Coefficients U value [Wim2x]
1219.52 m2 Floors 1.16-1.16
122.40 m2 External -
o0.00 m2 Underground: 0.25-2.18
Maar2 m2 Openings: -

0000000000000 %

Annual Demands

340.07

Min, (06:00 Feb. 02 -2.62 °C o.00 KWh
15.19 C
0 Jul. 09 29.89 C
2,00
Degrea Days 0.00
Heating (HDD): [
Cooling (COD): 0 Unmet Load Hours
Haaung 0 nra'a
[ : ( Close ) [ SaveasPDF v
| Import/Export Format Settings » ;

The right side of the dialog contains a preview of the Energy Performance Evaluation report PDF
document.
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7.1.1 Header and Footer Settings

Use the controls of the Header and Footer Settings dialog to fill the two Header rows as well as
the Footer of the PDF Energy Performance Report with custom content.

¥ Header and Footer

@ Enable Header
| Show Header on first page only

E Enable Footer

| Use Image as Header

| Header 1 T]
|Energy Perfo... Evaluation| ( Edit... )
Font:

" Arial red
M1 6.50 mm F|u

I'Hﬂ =
I

i)

ALY
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This content can also be an Image or even Autotext, which allows for a wide range of smart report
title customization.

I Insert Autotext
Category:
Fval mtinn Report -
Autotext Items:
MNumber of Pages
I Insert Autotert o
1 Category:
Evaluati
R valuation Report B
Project & Site Details
- 8 Architect Details
Client Details
- System
Evaluation Report
Al
. Cancel J Insert I Recen

Insert Autotext Autotext categories

7.1.2 Report Format

This dialog defines font format and pen colors used for the Energy Performance Evaluation report
PDF.

¥ Repaort Format
Font:

[ Arial -

Chapter Headings:

ALY B

Report Tedt:

AR

Tables:

) =0y
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7.1.3 Report Chapter Settings

The Report Chapters section lists the content of the Energy Performance Evaluation report PDF.

000

» Header and Footer

* Report Format

¥ Report Chapters

Select Chapter(s) to Report:

=

¢+ M Project Energy Balance
M Thermal Blocks

(Page Break)
I TB Key Values
[ TB Energy Balance

(Page Break)
Daily Temperature Profile

(Page Break)
M HVAC Design Data

(Page Break)
¥ Energy Consumption by Targets
[ Energy Consumption by Sources

(Page Break) -
Renewable Energy Sources 10
¥ Environmental Impact 10
M Baseline Performance 10
¥ Baseline Energy Costs 10
¥ Performance Rating Table 10
[ Energy Consumptions and Savings 10
Advisory Messages 10

a0 R e e

W ool o~

LU L L L L L LI LN L | N L [ L LN I I T | ]

Chapter Settings

Add/Remove Page Break: P

o |

Energy unit | kWh

d

| Import/Export Format Settings

Change the order of the chapters by grabbing them with the arrows displayed before their names
and dragging them. Use the buttons below the list to Add/Remove Page Breaks.
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Chapter-Specific Settings

Some of the report chapters can be further customized by applying certain chapter-specific

settings:

» Key Values Chapter Settings: Choose one of the three available Energy unit options: kWh,
kBtu, MJ.

* Project Energy Balance Chapter Settings: Choose Weekly or Monthly for Time interval, and
specify the Energy unit (kWh, kBtu, MJ). It is also possible to customize the colors of the bar
chart.

* Thermal Block Key Values Chapter Settings: Choose Celsius Centigrade or Fahrenheit for
Temperature unit, and specify the Energy unit (kWh, kBtu, MJ).

Heating (HDD): 4748 N
¥ Report Chapters Craling (CDD) 1181 Unmet Load Hours
Heating: ] hrsla
Select Chapter(s) to Report: Coaling B hrsia
¥ [ rTUJECT CIETYy Saldiiee I 006 Flat 1 - Key Values
+ M Thermal Blecks 1
= [/ Geometry Data Heat Transfer Coefficients U valua Wi K]
TB Key Values 2 Gmss Floor Area 143.52 m Floors: .
5 (Page Break) - Treated Floor Area: 129.66 m* External: 142-0.12
P U S S - Building Sholl Aroc: B4.64 m Underground:
5| L= Wantilated Violume: 359.63 m? Dpenings: .79 - 0.B4
Ade fRemove Page Break: == Glazing Ratic 20 9%
— Annual Energy
) Intornal Tamparature Heating: 488480 KWh
Chapter Settings Min. (O€:00 Jan. 01) 15.00 "C Couling 1.00 KWh
. = . Arnual iear 21.40 "C
Temperature unit | C 5 WMax. (16:00 Jul. 11): 2834 'C Peak
: Heating (07:00 Fab. 01): 5.47 KW
Energy unit | kWh = Degroe Days Cooling (0100 Jan, D1): 1.00 KW
Heating (HDD}: 4748
+ [ 001 Storage basement Craling (CDD) 1181 Unmet Load Hours
. Heating: 3 hrala
+ 002 Staircase Cooling b hrala
+ | 003 Ratail 007 Flat 2 (duplex} - Key Values
+ 11004 Office Geometry Data Heat Transfer Coefficients U valua Wi K]
Giosa Flow Arsa 132.78 W Floura. -
» —
. 006 Flat 1 I + I . Treated Floor Area: 115.26 m? External: 012-0.18
H UU? Flat " du lex Bullding Shedll Aree: 656 m* Underground: .
(dup ) Wantilated Violume: 329.50 m? Dpenings: 01.80-1.29
= J 008 Flat 3 B Glazing Ratic 20 %
Annual Energy
= | 009 Flat 4 Intermal Temperaiure Heating: 547553 Kwh
Min. (02:00 Jan. (1) 15.00 "C Cooling: LoD KWh
: 1010 Loft Arnual Viear 20,59 C
. Max. (16:00 Jul. 11): 28.08 "C Peak
# [ 011 Attic Heating (UFUU Feb. U1): .95 KW
Degree Days Coaoling (01 00 Jan. 01): L.oo KW
Heating (HUU): 4ras
Coaling (CDD): 1181 Unmet Load Hours
Heating: ] hrsia
Coaoling: ] hrsia

Edit the list of thermal blocks to add, remove or reorder the thermal block-specific Key Values
chapters in the Energy Performance Evaluation PDF document.
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Thermal Block Energy Balance Chapter Settings: Choose Weekly or Monthly for Time
interval, and specify the Energy unit (kWh, kBtu, MJ). It is also possible to customize the
colors of the bar chart.

¥ Report Chapters

Select Chapter(s) to Report:

s M TE Key Values

B (Page Break)

+ [ TEB Energy Balance
+ ¥l HVAC Design Data

Add/Remove Page Break:

Chapter Settings

Time interval | Weekly

Energy unit | kWh

¢ 001 Storage basement
+ | 002 Staircase

B 003 Retail

+ 1004 Office
006 Flat 1
007 Flat 2 (cuplex)
JO0BFlat 3
# [ 009 Flat 4
: 0010 | aft
= 1011 Attic

Supplied Energy per Weak

& L L L 1 L 1 10
b
.-'-!!|"||'|" |
Igalgg™ = |I| B 50
II|I g Py I my

Emitted Energy per Weak

. Lighting ard Equipment
D5 ki
Human Heat Gain
B s

. Sandce Hot-Water Healing
5380.9 kWhia
Solar Gain
E571.5 k\hia

s Hesaling
39534 KWhia
Wentilation
14E.4 KWHa

Transmisson
10360.2 kKWhia
Infiltratinn
537.0 kWhia
Wentilation
boaa.U kYIS
. Sawage
BEED 0 Kikhia

. Coolng
3335.3 kWhia

Supplied Energy per Weak

48 ‘2 [kWh]
L 'l L0

1103
L 200

LU
.lIllll 30

Emitted Energy per Weak

. Lighting ard Equipment
52C5.9 kWhia
Human Heat Gan
Z5(5.3 kWhia
Senice Hel-Water Hoaling
15447 kWA
Solar Gain
2831.6 kihia

. Hsaung
1686.0

Transmission
BAC5.0 kWnia
Infiltration
B4L.5 kWha
Wentilation
2041.0 Wihia
Sawage
1600.5 kWnia
. Coolng
1442 8 kWhia

Edit the list of thermal blocks to add, remove or reorder the thermal block-specific Energy
Balance chapters in the Energy Performance Evaluation PDF document.
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* Daily Temperature Profile Chapter Settings: Edit the list of thermal blocks to add, remove or
reorder the thermal block-specific Daily Temperature Profiles in the Energy Performance

Evaluation PDF document.

¥ Report Chapters

Select Chapter(s) to Report:

¥ X 1D CITETYY Galdice o |

S (Page Break) -

+ M Daily Temperature Profile i}

B (Page Break) -

a LA LNIAF, Mecione Maka e e |
Add /Remove Page Break: e |2

Chapter Settings

UD7 Flat 2 [auplax) - Feoruary 1

.
A Exkrnal tamparatare

Min -21.50 Max: -5.40, Avg: -13.44

7

LA intarnal rasult tamaasturs

Win 1500, Max: 19.94, Avg: 13.31

W internal tarpeature rangs

Temperature unit C° 4| 33
¢ Febr.. 1 1007 Flat 2 (duplex) S
C
. ] 007 Flat 2 (duplex) - May 1
$May 1 0007 Flat 2 (duplex) . {duplex) - May F % 2 xermaltempwanre
¢ August 1 11007 Flat 2 (duplex) WMin 7.70, Mas: 12.50, Avg 0.E8
Br ] [ 007 Fat2 dupled) r [F[= 2
- 2 tar It temoarat
: Febr . 1 (02 Staircase Min {‘aazz.ar\:r:i?;:uez?::gﬂea.35
s May 1 C02 Staircase 1
+ August 1 002 Staircase v/\ ¢ M internal terpeature range
: Nowve . 1 (02 Staircase .
# Febr... 1 CO6 Flat 1 1}
+ May 1 (06 Flat 1 ] H 4 ] 8 0 12 14 16 18 20 22 24 [Hg
: August 1 C06 Flat 1 o
07 Flat 2 {duplex] - August 1
: Nove... 1 D COE Flat 1 | ra #” Exemal temparatare
) Win 1470 Mar: 25 O, &vy: 18 81
: Febr... 1 [C04 Office
: May 1 .C'04 Office /_ ‘-‘\' 2 # \nternal result iemoerature
+ August 1 0 C04 Office L_/ \: Min 7314, Max 24 B2, Awg 2381
+ Nove... 1 []C04 Office —
t1e I nternal teripe ature range
: Febr.. 1 [C01Storage base..
s May 1 fco1 Storage base...
+ August 1 001 Storage base... ¢
2 Nowe.. 1 [C01Storage base.. vt el oo s

Use the controls that appear at the selected list items to set the Date for the Temperature Profile

diagram you want to display.

Chapter Setzings
Temperature unit | C° :
: Febr... 1 007 Flat 2 (duplex)
# May 1 007 Flat 2 (duplex)
+ August 1 007 Flat 2 (duplex)
ﬁ January duplex) » -
: Febr... February se
* May March H
April
* August May se
* Nove... June H3
t Febr... July
: May Augus:
September
* Augusi Ocﬁober
¥ Nove... v Noverrber
+ Febr... December
:May 1 10004 Office
+ August 1 [ 004 Office

* HVAC Design Data Chapter Settings:

Chapter Settings
Temperature unit | C®

i

¢ Febr... 1 007 Flat 2 (duplex)
¢ May L 007 Flat 2 (duplex)
¢ August 1 007 Flat 2 (duplex)

W |2 (OGS

¢ Febr... 1 002 Staircase
: May 1 002 Staircase
* August 1 002 Staircase
¢ Nove... 1 002 Staircase
* Febr... 1 [/006 Flat 1
¢ May 1 | 006 Flat 1
* August 1 006 Flat 1
¢ Nove... 1 006 Flat 1

* Febr... 1 [ 004 Office

§ 001 Storage basement
002 Staircase
003 Retail
| 004 Office
006 Flat 1
¥ 007 Flat 2 (duplex)
#1008 Flat 3
009 Flat 4
§ 010 Loft
011 Attic
§ 012 Neighbor building

Choose Celsius Centigrade or Fahrenheit for
Temperature unit, and specify the Energy unit (kWh, kBtu, MJ).

|
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* Energy Consumption by Targets and by Sources Chapters - Settings: Set the Energy unit
and toggle between Pie or Bar Chart Display.

* Renewable Energy Sources, Baseline Performance, Environmental Impact, Energy
Consumptions and Savings, Performance Rating Table Chapters - Settings: the Energy
unit (kWh, kBtu, MJ) can be specified for each of these chapters individually.

Import/Export Format Settings

This button on the bottom left corner of the Evaluation Report dialog makes it possible to migrate
PDF report formats between projects (e.g. to apply a company template format to the Energy
Performance Evaluation report PDFs of every project).

- . .

Import...
1] Export...
Add/Remove Page Break: i pﬁ|
~ Reset to factory default
i [Importf!xport Format Settings 4

R

There’s also an option to reset the format of the Energy Performance Evaluation report to factory
default.

7.1.4 Close and Save as Commands

At the bottom of the Evaluation Report:

Save as XLS...
( Close ) [ Saveas PDE.. " iw]

* The Close button takes you back to the Energy Model Review palette, allowing you to further
adjust the input data.

» Save as PDF lets you specify a location to which to save the Evaluation Report in PDF
format.

See Energy Performance Evaluation - PDF Report.

* Click the button with the triangle in the bottom right corner to save the detailed monthly
energy balance data in Microsoft Excel file format.

See Energy Performance Evaluation - XLS Reports.
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7.2 Energy Performance Evaluation -
PDF Report

7.2.1 Project Data Report Chapters

The following chapters present data regarding the entire project’s energy performance.

PDF Header

Energy Performance Evaluation
[Project Number] Simple Test Building

The PDF header displays custom project information as defined on the Header / Footer Settings
dialog.

Key Values

The Key Values section of the PDF Evaluation Report displays the most important project data.

Key Values

General Project Data Heat Transfer Coefficients 1) value Wim3K]
Project Name: Simple Test Builcing Building Shell Average: 0.30
City Location MNoors 0.39-0.39
Climate Data Scurce: HUMN_Debre.. .0_IWEC.epw External: 0.12-0.23
Evalustion Date: Dac 20, 2013 9:13:52 PM Underground: 0.17 -0.17
Openings: 0.71-1.33
Bullding Geometry Data
Gross Floor Area. 1173.22 m* Mel Healing Energy. 27.52 kWhirm®a
Treated Floor Area 1016.19 m* Meat Cooling Fnergy 4.76 KWhim2a
Cxternal Cnvelope Area: 876.40 m* Total Net Cnergy 32.27 kWhim?a
Ventilated Volume: 3038.75 m? Energy Consumption: 78.74 kWh/m2a
Glazing Hatio: 17 % Fucl Consumption: 72.60 KWh/m“a
Primary Eneray: 105.81 KWh/m?a
Bullding Shell Performance Data Fuel Cost: 3.49 EUR/M*a
Infiliration at S0Pa: 1.00 ACH .02 Emission: 15.90 ko/m=a
Outer Heat Capacity: 157.40 Jim*K
General Product Data

Under General Project Data, basic information is given, such as Location and Climate Data
Source, as specified by the user. The date of the evaluation is also shown.

Building Geometry Data

This section contains results of the model geometry analysis such as areas, volume and glazing
ratio for the project as a whole.

See Automatic Model Geometry and Material Property Analysis.
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Building Shell Performance Data

This section displays overall Air Leakage in air change per hour (also called air exchange rate -
the number of interior volume air changes that occur per hour in 1/h). Outer heat capacity
(measures the capacity of building structures to store heat against changing outside air
temperature) is also an important building envelope performance metric.

Heat Transfer Coefficients

Also in the Key Values section, the minimum and maximum values of the Calculated heat transfer
coefficients are listed for the entire building, for every Building structure group and for the

openings on the building shell.

Specific Annual Energy data

Here, the most important energy performance data (net demand and gross consumption-related
data) - projected to a unit area of the building - are listed, making the comparison of different

sized projects possible.

Project Energy Balance

The Project Energy Balance bar chart is a graphical display of the amount of energy the entire

building emits (bottom part of chart), as well as the building’s Supplied energy: the amount of
energy it absorbs from the environment and its own internal heat sources (top part of chart), by
month or week (depending on Energy Performance Evaluation Report Chapter Settings).

Project Energy Balance

Supplied Energy per Week

24

4100.1
3000
2000
r 1000

=
[kwWh]

!||'||

II||IEIIIIII

Emitted Energy per Week

1000
2000
3000

I ighifing and Fouipment
8970.3 KWh/a

Human Heat Gain
24590.0 kWh/a

Service Hot-Water Heating
37589.7 kwhia

Solar Gain
27427 4 KWh/a

Heating
27962.5 k€Wh'a

Transmission
J0035.3 kWh/a
nhilliglion
36147 KWh/a
Ventilation
50727.7 kWh/a
Sewage
379582 kWh'a
Cooling
48335 KWh/a

According to the energy balance equation - which is the foundation of building physics - the
Emitted energy and Supplied energy bars must be equal every month (week). The vertical axis of
the chart shows an energy scale. The horizontal axis represents the 12 months (52 weeks) of the

year.

The Project Energy Balance Bar Chart shows the cumulative results of the hourly energy balance
calculations executed by The VIP-Core Calculation Engine.
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Energy Supply and Emission Types

To the right of the Monthly Energy Balance diagram, the energy flows that make up the bars of
the chart are listed. The number and type of these energy balance components that appear on a
particular Energy Evaluation Report depend on the settings on the evaluated building’s Building
Systems dialog. Total annual energy flow quantities are displayed in kWh/a.

The table below lists all energy supply and emission types with their default Energy Balance bar
chart display color.

0060 Legend Colors

Transmission
Infiltration
Ventilation
- Sewage
. Cooling
. Heating
Solar Gain
. Service Hot-Water Heating
Human Heat Gain
- Lighting and Equipment

Reset to factory defaults

Cancel OK

Note: Human Heat Gain contains Latent Heat within the thermal block, as well.
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Energy Consumption by Targets

This section of the Evaluation Report contains two tables and several charts.

The table’s far-left column lists energy Targets by name, plus their color codes used in the pie
chart. The Quantity column lists the magnitude [e.g. kWh/a] while the Cost column shows the
price [currency/a] of energy spent on each target in one year. The table’s far-right column shows
the carbon footprints associated with the listed energy target magnitudes.

Energy Consumption by Targets

Energy CO,
Target Name Quantity Primary Cost Emission
kWhla kWhia EUR/a kgla
[l Feating 6749 6868 448 146
@ cooling 0 0 0 o
. Service Hot-Water 0 0 0 0
Ventilation Fans 3608 10824 721 77a
) Liohting 2 Appliances 3018 0054 803 851
Total: 13375 26747 17 1577
Quantity: 50% 22% 28%
Energy Target:
Energy Source:
[kWhia] 644.8 5828.2 30181 3608.1
b T 1
0 5000 10000 13375
Primary: 25% 33% 40%
Energy Target:
Energy Source:
[kWhia] 5828.2 9054.3 10824.2
r T 1
0 10000 20000 28747

Target quantity: (D G

|

[kWhia]0 13375 28747

Cost:

Energy Target:
Energy Source:
EUR/a

o 500 1000 1500 1771

COy: 0% 41% 40%
Energy Target
Energy Source:

kg'a| 130.2 8510 770.3

1
o 500 1000 1577

Energy Sources
Renewable Fossil Secondary
@ wood Natural Gas B Electricity
- District Heating

The Distribution by Targets charts graphically display the percentages of the
* Energy quantities

* Primary energy

*  Costs

* (Carbon footprints

associated with each energy target.
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The Target Energy Quantities by Primary Targets bar chart helps users to compare the magnitude
of energy consumption with primary energy consumption.

It is possible to display the Energy Consumption chart in either bar or pie chart format.

See Report Chapter Settings.

Primary Energy

The primary energy value is the “common denominator” among different energy source
consumption types, when determining the building’s total energy consumption. Not only does it
indicate the net energy source consumed, but it also incorporates the energy needed for the
manufacturing, transportation and the raw material processing of the energy source, as well as its
transportation to the place of use. Minimizing the specific primary energy demand is a great way
to improve the designed buildings’ overall performance.

The primary energy factors assigned to the energy sources differ according to building location.
See Project Location.

Use the Energy Source Factors dialog to enter the region-specific primary energy factors if
available, or evaluate the project using the default assignments (based on standard DINV-18599).

Energy Consumption by Sources

This section of the Evaluation Report contains one table and several charts.

The table’s far-left column lists energy Sources by type (Renewable, Fossil and Secondary) and
name, plus their color codes used in the pie chart. The Quantity column lists the magnitude [e.g.
kWh/a] while the Cost column shows the price [currency/a] of each energy source consumed in
one year.
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The table’s far-right column shows the carbon footprints associated with the listed energy source
magnitudes.

Energy Consumption by Sources

Energy CO; Emission
Source Type Source Name Quantity Primary Cost
kWhia kWhia EUR/a kafa
Solar (Thermal & PV 3374 3374 0
R bi NA
srewEE . External Air 6704 6704 0
Fossil . Natural Gas 65040 71544 2601 14048
Secondary B8 Electricity 8633 25899 949 2110
Total: 83752 107523 3551 16159
Quantity: |4%| 8% | 77%

Energy Source:
Energy Target: I.
kWhia]| 37789

275761 6666.1

0 25600 SDEIJDD T5E'|DD 83T|52
Primary: 6% | £6% 24%,
Energy Source:
Energy Target:
[kWhia]| 6704.4

303337 412109 19998.3

0 25000 50000 75000 " 107523

Quantity by Source: ([l ]

Primary by Source: ([
-

[kKWh/a]0 83752 107523

Cost:

Energy Source:
Energy Target:
EUR/a

T T T 1
0 1000 2000 3000 3551

CO,:
Energy Source:
Energy Target:
kgla

0 5000 10000

16159
Energy Targets

. Heating . Cooling \Ventilation Fans
. Service Hot-Water Heating . Lighting . Equipment

The Distribution by Sources charts graphically display the percentage distributions of the
* Energy quantities
* Primary energy

150 EcoDesigner STAR User Manual



Energy Performance Evaluation Report

*  Costs
» Carbon footprints
of the used energy sources.

Quantity: 4% 48% 43%
Erergy Source: [} [
energy Tarpet: [ I CHEEEEE |
kWhia] | 644.6 3018.1 3608.1 5828.2
10000 1375

Primary: T 4% 240
Enargy Source: [} [
energy Target: [

[k'Whia] 0054 3 10824 2 g2

10000 20000 26747

source uantity: |  (HEGNGNG GG
rimary source: || (NN

kWWhta]0 3375 26747

Cost: 74%
Erergy Source: | .
energy Targe:: (D

The Source Energy Quantities by Primary Sources bar chart helps users to compare the magnitude
of energy consumption with primary energy consumption.

It is possible to display the Energy Consumption chart in either bar or pie chart format.
See Report Chapter Settings.

Environmental Impact

This chapter summarizes the environmental impact of the building’s operation, by displaying
Carbon Footprint and Primary Energy, according to Energy Sources.

Environmental Impact

Source Type Source Name Prlm:rylhEnergy O, im:lssmn
Whia gla
Renewable Solar (Thermal & PV) 3374 0
e @ Exemal A 6704 0
Fossil @ NatualGas 71544 14048
Secondary .. Electricity 25899 2110
Total: 107523 16159
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Renewable Building System Summary

This chapter lists the amounts of energy generated by building systems that utilize renewable
energy. The table also includes the related costs.

Renewable Building System Summary

Building System Annual Energy Generated Renewable Energy Cost
kWh EUR
$ Photovoltaic gystem 3374 0.0
Total LEED Renewable Energy 3374
Total: 3374 0

Advisory Messages Report

This chapter lists every warning message that occurred before the simulation was started.

Please consult the Advisory Messages chapter for the detailed description of simulation input
data-related errors and warnings.

7.2.2 Thermal Block Report Chapters
Thermal Blocks

The table in this chapter tabulates the thermal blocks with their geometry data and Operation
Profiles.

Thermal Blocks

Thermal Block e Operation Profile SRRl RIS
Assigned m? m#*
_. 001 Slurayge basementl 1 @unconditioned_... 147.93 368.87
002 Staircasc 5 {@unconditioncd_f... 41.22 344 02
03 Ratail 1 @Retaill shopicdep 145 11 A00 61
004 Office 1 @Personal office 142 91 35963
DU Flat 1 1 @Residentigl_red. 14352 35963
007 Flat 2 (duplex) 2 @Residential red. . 13276 32950
|} 008 Fiat 3 1 @ Rasidential_red. .. 66.20 164.75
nN9 Flat 4 1 M Rasidential_red 143 52 35963
_I 010 Loft 2 @Rssidential_red. 189.50 29633
011 Athic 1 @ uncondioned 9.1/ 1.86
_l 012 Neighbor building 3} @Neighbour bidg FF M.77 1.91
Total: 23 1173.22 3088.75
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Thermal Block Key Values

The Key Values chapters of the PDF Evaluation Report display important calculation result data
for a specific thermal block.

003 Retail - Key Values

Geometry Data Heat Transfer Coefficients U value WimK]
Gross Floor Arca 146.11 m* Floors: -
Treated Floor Area: 133.54 m? External: 017 -0.47
Building Shell Area. 12427 me Urider ground. 017 -0A17
Yentilated Volume: 500.61 m?* Openings: 0.71-1.28
Glazing Ratio: 29 %
Annual Energy
Internal Temperature Heating: 3959.42 KWh
Min (08 00 Feb 01) 12.34 “C Cooling 333393 kWi
Annual Mean: 20.93 ‘C
Mazx. (07:00 Jul. 1) 26.12 “C Peak
Heating (09:00 Feb. 02): 92.19 kW
Degree Days Cooling (16.00 Jul. 03). 7.30 kW
Heating (HDD: 4748
Cooling (CDD): 1181 Unmet Load Houra
Heating: 0 hrs/a
Cooling: 1] hrs/a
Geometry Data

This section contains result of the model geometry analysis such as areas, volume and glazing
ratio for a specific thermal block.

See Automatic Model Geometry and Material Property Analysis.

Internal Temperature section: Minimum, Annual Mean and Maximum internal temperature
values are displayed here.

Degree Days

Degree days data is defined as the integral of dry bulb temperature as a function of time, relative
to a base temperature (18 Centigrade Celsius in EcoDesigner SATR). The Heating / Cooling
requirements for a given structure at a specific location are considered to be directly proportional
to the number of degree days at that location.

Heat Transfer Coefficients

Also in the Key Values section, the minimum and maximum values of the steady state heat
transfer coefficients are listed for the thermal block, for every opaque structure group and for all
openings on the thermal block’s shell.

Annual Energy the total heating and cooling energy quantity associated with the thermal block
throughout the simulation reference year can be found here.

Peak Energy section: maximum heating and Cooling loads associated with the thermal block are
displayed here, with date and time of occurrence.
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Unmet Load Hours

The number of hours during a year when the internal temperature is out of the comfort range

defined for the thermal block in the operation p

rofile.

Thermal Block Energy Balance

The Thermal Block Energy Balance bar chart is a graphical display of the amount of energy the
thermal block emits (bottom part of chart), as well as the Supplied energy: the amount of energy it
absorbs from the environment and its own internal heat sources (top part of chart), by month or
week (depending on Energy Performance Evaluation Report Chapter Settings).

003 Retail Energy Balance

Supplied Energy par Wesk

..f::.-ll-. =
| .-n..l“

T T T
T 4 8 12 20 28 3 36

I||.I.'|I'I|| !

Emitted Energy per Week

Lighting and Equipmsnt
3004U.E kWhia

Human Heal Gain
{1005 kWihia

Service Hol-Waler Healing
51821 kWhia

Solzr Gain
63571 kKVWihia

Heating
3859.1 kWhia

Ventilation
148 .4 kWhia

Transmission
10357.T kKWhia
Infiltration
5371 kWhia
Ventilation
6653.1 kKW/hia
Sewags
5362.E kVimia
Cooling
3333.0 kWihia

The Thermal Block Energy Balance Bar Chart shows the cumulative results of the hourly energy
balance calculations executed by The VIP-Core Calculation Engine.
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Daily Temperature Profile

The Daily Temperature Profile diagram is a graphical display of the hourly temperatures inside
the thermal block and in the outside environment during the course of a day defined in the Report
Chapter Settings.

Daily Temperature Profile

| ©
‘ 30 /Ex[erralzemperaure

Min: 14.70, Max: 25.00, Avg: 19.81
- -2 / Intemnal result temperature
o \ Min: 23.14, Max: 24.82, Avg: 23.91

10 : Internal iemperature range

007 Flat 2 (duplex) - August 1

0

0 2 4 6 8 10 12 14 16 18 20 2 24 [Hrs]

The red area on the diagram shows the acceptable internal temperature range as defined in the
Operation Profile assigned to the thermal block.

HVAC Design Data

This chapter contains the Yearly and Hourly Heating and Cooling Demands and the Internal
Minimum and Maximum temperatures (with dates and hours of occurrence) for each thermal
block, in a table format.

HVAC Design Data

Heating Demand Cooling Demand Internal
Thermal Block Yearly Hourly Yearly Hourly Temperature
[kWh] Peak [k\V] [k\Wh] Peak [k€W] | Min.[°'C]  Max. [°C]
B 001 Storage bassment 0 00 0 D._C CS:D; i;:.m mzufj. "
0Dz Stalrcase 23 08 uniih 01 o D._C jmiiu 01 1 nii.:il 09
0oz Retal 9438 0;-.0(1?:1. 01 1328 13.051[ 11 :na.oli-jl.. 02 16.02c»3f_05
004 Office 1 4392 OE':Oosf;zb. 01 982 16 ogful 08 :nazogjann. 01 -IﬁzoiaJ:_os
ope Fatt 4584 0?:005%;. o1 %2 19 Uol qul 0g aazog-iann. 01 1 9:0?_:?1_ 15
007 Flat 2 (duplex) 5019 0.7:004!;'ib. 01 % 19 Ot?j.ll 08 CI2:0:-.jaDn. 01 19:05%:?1_ 6
Booe Fiat 2 2454 0?:002:;!:. o1 7 19 Uc?jnl 0 35:0:-3; 01 1 9:015}?-::1_ 15
- o - o
009 Flat4 4083 Ur:UU‘J\.Zb. U1 183 19 Ul: .JT.lI 1w Ln:':Uj-jaDn. 01 UU:U‘L}BJ:. U
BoioLon S04y, u::.tn m 392 14 m:jn 08 | 14 n:‘l-i:n i :Jcrif;: 10
011 Attie o 00 0 DI—C -:9:0c3|i:.02 13:0123. 11
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This data can be used for building system sizing only if the simulation has been run in Demand
Calculation mode. If building system types other than Not Yet Specified are assigned to any of the
project’s thermal blocks, then the data in this table makes no sense. Therefore, please make sure
to only use this table in demand calculation documentations.

Note: For more information regarding system sizing and demand calculation please consult
Annex 2.

7.2.3 Performance Rating Report Chapters

The following report chapters display the results of the performance rating calculation.

Note: Please consult the Simulation Setup chapter for more information regarding the
Performance Rating and the Baseline Building concepts.

Baseline Performance

This table lists the annual and peak energy consumptions of the baseline building, according to
energy sources.

Baseline Performance

Baseline Design
Energy Type Annual Energy &
Peak Demand 0° 9Q° 180° 270° Average
i Energy Use (kWh) 29073 18686 23961 25515 24310
External Air
Peak Demand (kW) 50 43 45 45 45
. Energy Use (kWh) 34049 31138 32699 33042 32732
Electricity -
Peak Demand (kW) 17 15 18 17 17
o ) Energy Use (kWh) 115069 117378 119910 115092 116862
District Heating -
Peak Demand (kW) 74 78 78 76 76
Total Energy Use: (kWhfa) 178197 167202 176570 173649 173904

» If Simple Baseline Building Processing is selected at the Baseline Building Reference
Processing Options prior to the simulation, then only two result columns (0 degrees and
Average) contain calculation data.

* If ASHARE 90.1 Baseline Building Processing is selected at the Baseline Building Reference
Processing Options prior to the simulation, then all five result columns contain calculation
data.
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Baseline Energy Costs

This table lists energy costs associated with the baseline building, according to energy sources.

Baseline Energy Costs

Baseline Cost Baseline Building
Energy Type 0° 90° 180° 270° Performance
EUR/a EUR/a EUR/a EUR/a EUR/a (average)
Electricity 3745 3425 3596 3634 3600
District Heating 5753 5868 5985 5754 5843
Sum: 9498 9293 9591 9388 9443

Performance Rating Table

This table compares the annual energy uses and peak demands of the proposed design with the
baseline building.

Performance Rating Table

Energy Use Units Proposed Design | BaseLine Building Savings
Results Results %
Energy Use (kWh) 27962.54 6642201 57.90
Heating
Peak Demand (kW) 31.34 70.23 55.37
Cool Energy Use (kWh) 4833.46 17504.09 72.39
oofin
g Peak Demand (kW) 12.52 3367 62.82
Energy Use (kWh) 37589.68 51340.66 26.78
Service Hot-Water
Peak Demand (kW) 577 7.33 21.20
o Energy Use (kWh) 655.14 669.65 217
Ventilation Fans
Peak Demand (kW) 0.18 0.18 224
. Energy Use (kWh) 3987.08 19197.92 7923
Lighting
Peak Demand (kW) 1.05 6.89 84.82
) Energy Use (kWh) 4983.20 2158.34 340
Equipment
Peak Demand (kW) 1147 1.22 3.87
Total Annual Energy Use: (kWh/a) 80011.11 160292.67 50.08
Annual Process Energy: (kWhia) 8970.28 24356.27 63.17
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Energy Consumptions and Savings

This table compares the energy consumption (Purchased and On Site Renewable) and related
costs of the proposed design with the baseline building.

Energy Consumptions and Savings

Proposed Design Baseline Building Saving
Purchased Energy Energy Use Cost Energy Use Cost Energy Use Cost
EUR/a EUR/a % %
Natural Gas (kWh) 65040 2601
Electricity (k\Wh) 8633 949 32732 3600 74 74
District Heating (kWh) 0 0 116862 5843 100 100
Subtotal: (kWh) 73673 3551 149595 9443 51 62
Energy
On Site Renewable Energy | Generated | Energy Cost
kWhia EUR/a
¥ Photovoltaic system 3374 0
Subtotal: 3374 0
Proposed Design Baseline Building Saving
Energy Use Cost Energy Use Cost Energy Use Cost
kWhia EUR/a kWhi/a EUR/a % %
Total: 77048 3551 149595 9443 48 62

7.3 Energy Performance Evaluation -
XLS Reports

The content of the Energy Performance Evaluation - XLS Reports is rather similar to the Energy
Performance Evaluation PDF report, but the XLS Reports contain extra information.

Click the Save as XLS button with the triangle in the bottom right corner of the Energy Model
Review palette (next to the Save as PDF button) to save the detailed monthly energy balance data
in Microsoft Excel file format.

9.21 KW
7.30 kW
Save as XLS...
| Close | [ SaveasPDELw|
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Select Options from the Save Evaluation Report dialog to display the Report Options panel.

Save Evaluation Report OLOf Report Options

Select spreadsheet(s) to report:

Save As: Evaluation Report.xls il Project - Key Values
Climate Data

Project Results - Monthly

Project Results - Weekly

Project Results - Daily

Project Results - Hourly

Thermal Block - Detailed Inputs
Thermal Block - Operation Profile
Thermal Block - Key Values
Thermal Elock Results — Monthly
Thermal Block Results - Weekly
Thermal Block Results - Daily
Thermal Bluck Results - Hourly
Compliance Report

Performance Rating Details
Unmet Load Hours

||z m| m || =~ || EE3 il 3

Name Date Modified Size

Format: | Excel File ¢]

HERERRERRRRR KRR E R

| New Folder | Cancel | | Save | [ Close |[ 0K |

Use the Report Options dialog to define which pages to include in the building Energy
Performance Evaluation report XLS spreadsheets.

Note: Some of the pages (e.g. Thermal Blocks — Daily) contain very large amount of
information. Including these pages in the documentation increases the processing time of the
XLS spreadsheets.

The number of the building Energy Performance Evaluation report XLS spreadsheets created by
EcoDesigner STAR depends on the report content defined by the user on the Report Options
panel and the number of the project’s thermal blocks.

Name Date Modified Size Kind
¥ || Demo Bldg Evaluation Report XLS 11:07 AM == Folder

™ Demo bldg 2_001 Storage basement.xls 9:49 AM 30.6 MB Microsoft Excel 97-2004 workbook
[" Demo bldg 2_002 Staircase.xls 9:50 AM 30.7 MB  Microsoft Excel 97-2004 workbook
™ Demo bldg 2_003 Retail.xIs 9:50 AM 30.6 MB Microsoft Excel 97-2004 workbook
[™ Demo bldg 2_004 Office.xls 9:51 AM 30.6 MB  Microsoft Excel 97-2004 workbook
™ Demo bldg 2_006 Flat 1.xIs 9:52 AM 30.6 MB Microsoft Excel 97-2004 workbook
™ Demo bldg 2_007 Flat 2 (duplex).xls 9:52 AM 30.6 MB Microsoft Excel 97-2004 workbook
™ Demo bldg 2_008 Flat 3.xIs 9:53 AM 30.6 MB Microsoft Excel 97-2004 workbook
™ Demo bldg 2_009 Flat 4.xls 9:54 AM 30.6 MB Microsoft Excel 97-2004 warkbook
™ Demo bldg 2_010 Loft.xls 9:54 AM 30.7 MB Microsoft Excel 97-2004 workbook
™ Demo bldg 2_011 Attic.xls 9:55 AM 30.6 MB Microsoft Excel 97-2004 warkbook
™ Demo bldg 2_012 Neighbor building.xls 9:56 AM 30.6 MB Microsoft Excel 97-2004 workbook
™ Demo bldg 2.xls 9:48 AM 29.6 MB Microsoft Excel 97-2004 workbook

One spreadsheet contains the Project Data and Performance Rating report pages. The number of
the additional spreadsheets containing the Thermal Block Report Pages equal the number of
thermal blocks of the documented project.
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7.3.1 Report Page Types
Calculation Input Data Report Pages

Most building energy performance rating standards require all the calculation input data to be
included in the documentation. Therefore certain pages of the EcoDesigner STAR XLS report
spreadsheet are dedicated to calculation input data documentation. These pages are:

* Climate Data page

* Thermal Block — Detailed Inputs page

» Thermal Block — Operation Profile page

Calculation Output Data Report Pages

The Following Energy Performance Evaluation XLS Report pages document the EcoDesigner
STAR building energy analysis calculation results:
* Project - Key Values Page

* Project Results - Monthly Page

* Project Results — Weekly Page

* Project Results — Daily Page

* Project Results — Hourly Page

* Thermal Block — - Key Values Page

* Thermal Block Results - Monthly Page

* Thermal Block Results — Weekly Page

* Thermal Block Results — Daily Page

* Thermal Block Results — Hourly Page

* Compliance Report

* Performance Rating Details

*  Unmet Load Hours
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7.3.2 Project Data Report Pages

Climate Data Page

This page displays the climate file’s content in Excel spreadsheet format.

| A

Z | CLUMATE DATA

6 |fear
7| dimate tune 1.

P
En
4 | Jete source:

HUN_Debrecer.128820_MWEC.epw

DEINECEN, 47°23° 48% N, 21° 37" 48" C

oA

Jete
i1
¥1
1
1
i1
1
¥yl
¥1
1
¥1
1
"

Tinne

Dry bull temgeature 2]
7.10
.U
11.90

-12.40
-12.80
13.10
-13.00
<12.80
«11.90
.50
7.90
£an

Relative hurnidity (%]
9300
YLW
90.00
90,00
50.00
9100
Bo.D
30,00
9100
EFT]
24,00
0L

Salar radiaton [WhinZ

s
113.00
281 00

wind speed [nfs]

Wind oientation
30,00
ALY

201 1z =an s 21 e
ml it o Project Key Values J dimate detaJ Compliance Report " *erformance Rativg Details _‘[ Detailec Results = Monthly _" Detailed Results = Weexly _" Detzilec Results =
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Project Key Values Page

Content similar to the Key Values section of the Energy Performance Evaluation PDF report.

Evaluation Date:

Baseline Building Warning:

|| SPECIFIC ANNUAL DEMAND

Met Heating Energy:
Net Cooling Energy:
Total Net Energy:

Jan 10, 2014 6:11:46 FM

PROJECT DATA
Project Name: Simple Test Building
Project Location:
Latitude: 47°29'0"N
Longitude: 21°38'0"E
CLIMATE DATA
Climate Data Source: IWEC file
Location: DEBRECEN, 47° 28' 48" N, 21° 37" 48" E
Year:
File name: HUN_Debrecen.128820_IWEC.epw
KEY VALUES
Gross Floor Area: 1173.22 m?
Treated Floor Area: 1016.19 m*
External Envelope Area: 876.40 m*
Ventilated Volume: 3088.75 m*
Glazing Ratio: 17.21 %
Air Leakage: 1.00 ACH
Outer Heat Capacity: 157.40 J/m’K
U-VALUES
Building Shell Average:  '0.30 W/mK
Floors: 0.39-0.39 W/miK
External: 0.12-0.23 W/mK
Underground: 0.17-0.17 W/mK
Openings: 0.71-1.33 W/miK
'/ |DESIGN LOADS
Heating: 27.61 kWh/m*a
Cooling: 4.76 kWh/m?a
Unmet Heating Hours: 0.00 h
Unmet Cooling Hours: 0.00 h
ADVISORY MESSAGES
Warning:
MNone

Zones are outdated and/or have errors.
One or more purchased energy source has not defined cost.

27.61 kWh/m?a
4.76 kwh/m?a
32.36 kWh/m?a

Energy Consumption: 48,1033 kWh/m*a
Fuel Consumption: 41.8666 kWh/m?a
Primary Energy: 72.1248 kWh/m?a
Fuel Cost: 2.2697 EUR/m*a
€02 Emission: 5.285 kg/m’a

G

m]_ <4 rp . Project Key Values | Climate data | Compliance Report | Performance Rati |
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Extra Information

* Project location’s Latitude and Longitude

* Heating and cooling system Design Loads are simulation results that indicate gross system
magnitudes.
Note: this project level data is not for sizing systems and equipment. The design loads under
Project Key Values are only displayed for your information. System sizing is only possible
with the Thermal Block Report Pages.

* Advisory Messages display the errors and warnings that occurred before and during the
simulation.

See Advisory Messages Report chapter.
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Project Results - Monthly Page

This page is a summary table of the energy balance calculation output (monthly sum of hourly
energy balance result data, for all thermal blocks of the project combined). This content is the
numeric data visualized on the Project Energy Balance PDF report chapter (in monthly view), but
the table contains more details.

LA B G E 0 [ P [ ; | R
1
2 Monthly Values
3 Energy flows MEP System type Target October November December Annual Total [kWh]
4 All numbers are in [kWh]
42 Service hot-water heating 0.00 0.00 0.00 0.00
43 Circulation pump 0.00 0.00 0.00 0.00
a4 | Heat pump 0.00 0.00 0.00 0.00
| 45 | Service hot-water heating 0.00 0.00 0.00 0.00
46 Auxiliary systems 0.00 0.00 0.00 0.00
a7 District " .ol o.oof 0.00 0.00
ag | Service hot-water heating 0.00 0.00 0.00 0.00
49 Circulation pump 0.00 0.00 0.00 0.00
50 Sewer recovery 254157 1828.26 1400.31 26375.19|
51 Not yet specified 0.00 0.00 0.00 0.00
|52 |Cocling 12454 0.00 0.00 -4834.23
|53 | Central 0.00 0.00 0.00 0.00
54 | Mechanical 0.00 0.00 0.00 0.00
55 Cooling 0.00 0.00 0.00 0.00
56 | Auiliary systems 0.00 0.00 0.00 0.00
o | District 0.00 0.00 0.00 0.00
58 Cooling 0.00 0.00 0.00 0.00
59 Cireulation pump 0.00 0.00 0.00 0.00
60 Local -124.54 0.00 0.00 -4834.23
61 | Mechanical -124.54 0.00 0.00 -4834.23
62 | Cooling -174.98 0.00 0.00 =6705.49|
63 Auxiliary systems 50.44 0.00 0.00 1871.26
64 | DX Cooling 0.00 0.00 0.00 0.00
65 Cooling 0.00 0.00 0.00 0.00
66 Auxiliary systems 0.00 0.00 0.00 0.00
| 67 | Not yet specified 0.00 0.00 0.00 0.00
68 | Ventilation -4105.65 -5683.33 -6666.85 -50705.48
69 Mechanical -2037.08 -3485.46 -4136.58 -25852.41
70 Ventilation -2092.63 -3540.10 -4190.85 -26507.56
71 Ventilation Fans 55.55 54.64 54.27 655.14|
72 Not yet specified or Natural -3064.36 -4461.75 -5327.28 -40272.83
73 Air to air recovery 995.79 2263.88 2797.01 15415.76
74 Lighting and Equipment 778.87 748.47 738.02 8970.28
75 | Lighting 347.54 33357 326.14 3987.08
76 Equipments 431.33 41450 411.89 4983.20
77 Sewage -3176.96 -2285.32 -1750.38 -32968.99
78 Supplied energy 9708.99 11146.57 12665.82, 121800.25
79 | |Emitted energy -10045.26 -11649.65|  -12770.54 -122159.00
80 Difference -336.27 -503.08 -104.82 -358.75
81
82 [Auxiliary systems 117.83] 125.14] 183.37] 3043.09)
83
84 On-site electricity 163.85 72.90 4334 3326.49
85 | Solar photovaltaic 163.85 72.50 43.34 3326.49
86 Wind energy 0.00 0.00 0.00 0.00
87 | Potential production 372.00 149.00 102.00 5623.00
88 Solar photoveoltaic 372.00 149.00 102.00 5623.00
89 Wind energy 0.00 0.00 0.00 0.00
N
MI << » v ] Project Key Values | Climate data | Compliance Report | Performance Rating Details | Detailed Results - M

Extra Information

» Auxiliary energies of all systems appear separately

* Heating and Cooling are further broken down according to system types and specific target
(Space heating, Hot water generation)...
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» Lighting and Equipment electricity consumptions are listed separately
* Auxiliary systems summary
» Utilized monthly on-site electricity versus potential production

Project Results — Weekly Page

This page is a summary table of the energy balance calculation output (weekly sum of hourly
energy balance result data, for all thermal blocks of the project combined). This content is the
numeric data visualized on the Project Energy Balance PDF report chapter (in weekly view), but
the table contains more details.

Extra Information

» Auxiliary energies of all systems appear separately

* Heating and Cooling are further broken down according to system types and specific target
(Space heating, Hot water generation)...

* Lighting and Equipment electricity consumptions are listed separately
* Auxiliary systems summary
» Utilized monthly on-site electricity versus potential production

Project Results — Daily Page

This page is a summary table of the energy balance calculation output (Daily sum of hourly
energy balance result data, for all thermal blocks of the project combined).

Extra Information

» Auxiliary energies of all systems appear separately

* Heating and Cooling are further broken down according to system types and specific target
(Space heating, Hot water generation)...

* Lighting and Equipment electricity consumptions are listed separately
* Auxiliary systems summary
» Utilized monthly on-site electricity versus potential production
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Project Results —Hourly Page

This page is the table that contains the hourly energy balance of all the thermal blocks, combined.
The hourly results that are summarized on the other Project Results tables appear here.

i il . HREE i
THRIBINER i} )
IR
4 il H 1 &

I BT
T AT

.mlﬁ_.ﬁﬂ 144+ i Compliance Bepart , Performance Batng el Necallee Besults = Mantaly [ Aetallsc Besilts - Weekly | Detailed Resolts - Saily | Detalled Results = Haurly [+ 1
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Extra Information

* The data summary includes the Annual Absolute values beside the Annual Total values. For
energy flows (e.g. ventilation) that can be both gains and losses depending on the time of the

reference year, these two result values can be significantly different.

JA] B [ C BO | BP BQ | BR | BS BT
1
T
2 2
{ m
3 -
[ w [
G
2 | 8 B g
> s | 5 | § | 3
6 3 | 5|5 | & | ¢8
7| i s | § | 2 | 2| 5 | %
= 5 S > > x 8
9 B - - 2 2
10 | S >
i
12 Annual Total [kWh] -50709.48| -25852.41| -26507.56 655.14| -40272.83| 15415.76
13 . Annual Absolute [kWh] B86008.06| 29422.01| 28766.86 655.14| 41170.29| 15415.76
14__ _ Annual Specific B84.64 28.95 28.31 0.64 40.51 15.17
15
ml I« 4 » ~ | Detailed Results - Weekly | Detailed Results - Dally | Detailed Results - Hourly / + [
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7.3.3 Thermal Block Report Pages
Thermal Block - Detailed Inputs Page

The following thermal block calculation input data is detailed on this page: Name, Operation
Profile, Floor Area, Volume, Structures, Openings, Building Systems, Zones Assigned.

| A B C D | E F [ {
1 | Thermal Block: 009 Flat 4
2 Operation Profile: @Residential_reduced SHWH and Lighting
3 | Gross Floor Area: 14352 m*
4 Building Volume: 359.63 m’
5
6 | STRUCTURES
7 Orientation Category Type Complexity Name Area i
8 Inner Internal Masonry Block - Filler Straight Wall
9 Inner Internal Reinforced Concrete - Stry - Slab 1
10 Inner Internal Masonry Block - Filler Straight wall
| 11 | West External @External Wall_good Straight Wall
12 | South External @External Wall_good Straight Wwall
13 East External @External Wall_good Straight Wall
14 | North External @External Wall_good Straight Wwall
| 15 Inner Internal Reinforced Concrete - Stri --—- Slab 1
e, e e Thermal Bridge @ -— D-02 Detail |-
17
18 OPENINGS
19 Orientation Type Glazing Area [m?] Glazing U-value [W/mK]  TST% DST %
20 West Window 3.04 0.60 52,00
21 West Window 182 0.60 52.00
22 | South Window 182 0.60 52.00
23 | South Window 385 0.60 52.00
24 South Window 3.04 0.60 52.00
25 | East Window 1.82 0.60 52.00
26 East Window 1.82 0.60 52.00
27 | East Window 1.82 0.60 52.00
28
29 BUILDING SYSTEMS
30 System Type System Name
| 31 | Ventilation Flats_Natural
32 | Heating Heating
33 Cooling Flat &_Mech
34 |
'35 |ZONES ASSIGNED
36 Zone ID Zone Name Zone Category
37 (] Flat Residential and Recreation
38
20
=N =1/~ » i [ Detailed inputs | Operation Profile | Detailed Results - Monthly | Detailed Results - Weekly ] Detailed Results -
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Thermal Block — Operation Profile Page

This table contains the hourly schedule of internal temperature requirements and internal gains.

B

Profile name:
Occupancy type:
Human heat gain:
Service hot-water load:
Humidity load:

residential

Hour of the year

(@ | D [ E F
d SHWH and Ligh
70.00 W/capita
B0.00 |/day per capita
2.00 |/day

Internal temperature
Max Min
[*c r'a

Internal heat gain

W/m*

|€

513 |

488
499
500
S0
502
503

2800
28.00
2800
28.00
28.00
28.00

20,00
20,00
20,00
20,00
20,00
20,00

W| Rl —1 Detailed Inputsi Operation Pmﬂlei Detailed Results - Monthly ‘ Detailed Results - Weekly A Detailed Results - Daily J'_ |

233
.83

2.83
283

2.83

Thermal Block — Key Values

Content is similar to the Thermal Block - Key Values section of the Energy Performance
Evaluation PDF report.

Extra Information

* Annual hourly 1°C zone air temperature bin frequencies from —20°C to 70°C: this table
groups the hours of the reference year when the internal air temperature is the same.

o G H — 1

| 1 |
Annual hourly 1°C zone air temperature bin frequencies

2 from =20°C to 70°C

—

3 |
67 | 12 0.00 0%
68 | 13 0.00 0%
69 | 14 0.00 0%
70 | 15 38.00 0%
71 16 229.00 3%
72 | 17 496.00 6%
73 | 18 341.00 4%
74 | 19 1367.00 16%
75 | 20 2443,00 28%
76 | 21 678.00 8%
77 | 22 815.00 9%
78 23 650.00 7%
79 24 673.00 8%
80 | 75 455.00 5%
| 81 | 26 331.00 4%
82 | 27 212.00 2%,
83 | 28 32.00 0%
84 | 29 0.00 0%
85 | 30 0.00 0%
86 | 3l 0.00 0%
87 | 3z 0.00 0%
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Thermal Block Results —Monthly Page

This page is a summary table of the energy balance calculation output (monthly sum of hourly
energy balance result data for the thermal block). This content is the numeric data visualized on
the Thermal Block Energy Balance PDF report chapter (in monthly view), but the table contains
more details.

I A B C D E [8) P Q | X |
1
2 Thermal Block Name: 009 Flat &
3 | Gross Floor Area: 143.52 m?|
4 Treated Floor Area: 129.66 m?|
> Volume: 359.63 m*
6
7 Monthly Values
8 Energy flows MEP System type Target October November | December Annual Total [kwh]
9 All numbers are in [kWh]
63 Cooling 0.00 0.00 0.00 0.00
64 Circulation pump 0.00 0.00 0.00 0.00
65 Local 0.00 0.00 0.00 -8.53
66 | Mechanical 0.00 0.00 0.00 -8.53
67 Cooling 0.00 0.00 0.00 -11.62
68 Auxiliary systems 0.00 0.00 0.00 3.08
69 DX Cooling 0.00 0.00 0.00 0.00
70 Cooling 0.00 0.00 0.00 0.00
71 Auxiliary systems 0.00 0.00 0.00 0.00
el Not yet specified 0.00 0.00 0.00 0.00
73 | |Ventilation 58357 -868.50 -1066.02 -7700.20
74 Mechanical 0.00 0.00 0.00 0.00
75 Ventilation 0.00 0.00 0.00 0.00
76 Ventilation Fans 0.00 0.00 0.00 0.00
77 Not yet specified or Natural 583,57 -868.50 -1066.02 -7700.20
78 Air to air recovery 0.00 0.00 0.00 0.00
79 |lighting and Equipment 14.07 1361 14.07 165.63
80 Lighting 14.07 13.61 14.07 165.63
81 Equipments 0.00 0.00 0.00 0.00
82 Sewage -566.60 -370.18 -247.81 -5661.16|
83 Supplied energy 1391.82 1684.82 1969.16 17a14.80|
84 Emitted energy -1411.26 -1713.00 -mm.zsl -17403.57
85 Difference -19.44 -28.18 -L10f 1.22
86
87 |Auxiliary ] 2.14] 14.21 24.16 99.63
88
Elaal | Detailed Results - Monthly | Detailed Results - Weekly | Detailed Results - Daily /| Detailed Results - Hourly

Extra Information

» Auxiliary energies of all systems appear separately

* Heating and Cooling are further broken down according to system types and specific target
(Space heating, Hot water generation)...

* Lighting and Equipment electricity consumptions are listed separately
* Auxiliary systems summary
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* Additional in-depth analysis result data

| A B | _C D E 0O e Q | R
1
- Thermal Block Name: 009 Flat 4
3 | GrossFloor Area: 14352 m?
4 | Treated Floor Area: 129.66 m?
| 5 | Volume: 359.63 m’
6 |
7 | Monthly Values
I B | Energy flows MEP System type Target October November December Annual Total [kWh]
9 All numbers are in [kWh]
58 |
89 | Internal temperature C 20.44 19.44 19.17
90 | Wet bulb temperature C 13.20 10.96 0.78
91 |  |Average internal pressure Pa 5.01 751 9.45
92 | Room moisture glke 6.68 4.85 3.87
93 | [|outdoor moisture kg 65.29 4.47 3.50
94 | Room relative moisture % 64.00 57.00 54.00
95 |  |Added moisture mes 29.95 2995 29.95
96 |  [Sensible cooling load to evaporator KWh 0.00 0.00 0.00 0.00]
97 | |Latent cooling load to evaporator kwh 0.00 0.00 0.00 0.00|
98 | |iatent cooling demand in room air KWh 0.00 0.00 0.00) 0.00|
99 | [sensible cooling d 1 in room air kWh 0.00 0.00 0.00) 8.53|
100 |  |Cooling fan at outdoor condenser kwh 0.00 0.00 0.00 0.00]
101 | |cooler circulation fan electricity kwh 0.00 0.00 0.00| 0.00|
102 |  [Prime heat demand kwh 0.00 0.00 0.00| 0.00|
103 Convective solar radiati kwh 97.46 70.36 44.80 775.15
104 | Solar radiation through windows kWh 323.57 23435 149.35 2583.41
105|  [Solar radiation is buildi kWh 65684.96 3540.02 2610.40) £3611.21]
106 |
[ I 4 » ¥ _‘_ Detailed Results - Monthlyl,; Detailed Results - Weekly AI Detailed Results - Dally AI Detailed Results - Hourly

Thermal Block Results — Weekly Page

This page is a summary table of the energy balance calculation output (weekly sum of hourly
energy balance result data, for the thermal blocks). This content is the numeric data visualized on
the Thermal Block Energy Balance PDF report chapter (in weekly view), but the table contains
more details.

Extra Information

» Auxiliary energies of all systems appear separately

* Heating and Cooling are further broken down according to system types and specific target
(Space heating, Hot water generation).

» Lighting and Equipment electricity consumptions are listed separately
* Auxiliary systems summary
» Additional in-depth analysis result data (See Thermal Block Results —Monthly Page)

Thermal Block — Daily Page

This page is a summary table of the energy balance calculation output (Daily sum of hourly
energy balance result data, for the thermal block).

Extra Information

» Auxiliary energies of all systems appear separately

» Heating and Cooling are further broken down according to system types and specific target
(Space heating, Hot water generation)...
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» Lighting and Equipment electricity consumptions are listed separately
* Auxiliary systems summary
* Additional in-depth analysis result data (See Thermal Block Results —Monthly Page)

Thermal Block —Hourly Page

This page is the table that contains the actual hourly energy balance calculation output. The
hourly results that are summarized on the other Thermal Block Results tables appear here.

Extra Information

The data summary includes the Annual Absolute values beside the Annual Total values. For
energy flows (e.g. ventilation) that can be both gains and losses depending on the time of the
reference year, these two result values can be significantly different. (See Project Results —Hourly
Page)

7.3.4 Performance Rating Report Pages
Compliance Report Page

Content similar to the Performance Rating Report Chapters of the Energy Performance
Evaluation PDF:

* The content of the Proposed and Baseline Building Performance table is similar to the
Performance Rating Table PDF report chapter.

* The content of the Baseline Building Energy Cost table is similar to the Baseline Energy
Costs PDF report chapter.
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» The content of the Proposed and Baseline Building Energy Cost and Consumption table is
similar to the Energy Consumptions and Savings PDF report chapter.

PROPOSED AND BASELINE BUILDING PERFORMANCE

Energy Use [kWh]

System Baseline 0  Baseline 90 Baseline 180  Baseline 270  Baseli Proposed Savings [%)]
Transmission -98958.57  -92814.81 -92027.7 -93678.03  -94369.7775 -30032.52 68.18
Infiltration -12535.27 -12420.19 -12093.73 -11990.84 -12260.0075 <3613.78 70.52
Ventilation -76227.65 724613 -72223.97 -72080.28 -732483 -50709.48 30.77
Cooling -20920.65  -134B4.35 -17248.16 -18363.18 -17504.085 -4834.23 72.38
Solar Gain 93966.11 7414423 74037.42 B81448.23 B0B98.9975 2744231 66.08
Human Heat Gain 25582.7 25584.24 25579.76 25575.18 25580.47 24589.99 3.87
Lighting and Equipment 24356.27 24356.27 24356.27 24356.27 24356.27 8970.28 63.17
Heating 64604.03 66944.6 69521.77 64625.96 66424.09 28052.28 57.77
Service Hot-Water Heating 51330.44 51344.17 51348.86 51330.84 51338.5775 327454 36.22
Sewage 5111589  -51115.89 -51115.89 -51115.85 -51115.85 -32568.95 35.50
ENERGY BALANCE 81.52 76.93 134.63 108.26 100.335 -358.74 457.54

BASELINE BUILDING ENERGY COST
Energy Cost [EUR]

Source Baseline0  Baseline 90 Baseline 180  Baseline 270  Baseline

Electricity [kWh] 374543 3425.26 3596.94 3634.71 3600.585
District Heating [kWh] 5753.48 5868.92 5595.54 5754.63 5843.1425
External Air 0 a 0 0 0
COST TOTAL 9498.91 9294.18 9592.48 9389.34 9443.7275

PROPOSED AND BASELINE BUILDING ENERGY COST AND CONSUMPTION

Baseline Proposed Savings [%]
Purchased Energy Energy Use Cost [EUR]  Energy Use Cost [EUR] C€O2 Emission Energy Use Cost [EUR]
Natural Gas [kWh] 0 0 33905.79 1356.23 7323657 #DIV/0! ¥ sowvjor
Electricity [kWh] 32732.58 3600.58 B638.66 950.25 211164 73.61 73.61
District Heating [kWh] 11686291 584315 0 0 0 100.00 100.00
Subtotal 149595.49 9443.73 42544.45 2306.48 9435.29 71.56 75.58
On-Site Renewable Energy
Photovoltaic system 3375 0 0
TOTAL 149595.49 9443.73 7 45919.45 " 2306.48 " 9435.29 69.30 75.58

Energy cost savings [%]  LEED Points
EACREDIT1 75.58 19

[ [T R l Project Key Values | Climate data | Compliance Report | Performance Rating Details | Detailed Results - Month |

Extra Information

* All energy flows appear on the Proposed and Baseline Building Performance, not only the
ones that require fuels.

* Energy-related LEED points

Performance Rating Details Page

Content of the tables on this page is the same as the PDF Report Chapters with similar names.
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A

Absorbance (also called absorption factor/attenuation coefficient): The physical process of
absorbing light. This is a quantity that characterizes how easily a material or medium can be
penetrated by a beam of light, sound, particles, or other energy or matter. A large attenuation
coefficient means that the beam is quickly “attenuated” (weakened) as it passes through the
medium, and a small attenuation coefficient means that the medium is relatively transparent to the
beam. Attenuation coefficient is measured using units of reciprocal length. The terms “attenuation
coefficient” and “absorption coefficient” are generally used interchangeably.

Note: “Attenuation coefficient.” Wikipedia the Free Encyclopedia. 14 May. 2010
hitp.//en.wikipedia.org/wiki/Attenuation_coefficient

Absorption factor: see Absorbance

Adiabatic wall: walls of the building shell that separate heated spaces. They are called adiabatic
due to the absence of heat transfer through them. These walls do not contribute to heat losses but
they do contribute to the thermal inertia (heat storage mass).

Air change per hour (also called air exchange rate) is the number of interior volume air changes
that occur per hour, and has units of 1/h. An air change does not represent a complete change of all
air in the enclosure or structure unless it can be considered “plug flow”. The actual percentage of an
enclosure’s air, which is exchanged in a period depends on the airflow efficiency of the enclosure
and the methods used to ventilate it. The actual amount of air changed in a well- mixed ventilation
scenario will be 63.2% after 1 hour and 1 ACH. Examples: kitchens 20—60, Public bathrooms 6,
Class rooms 3—4, Laboratories 6—12, Smoking rooms 10—15, Warehousing 1-2. See also:
Ventilation

Note: “Air changes per hour.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/Air _changes_per_hour

Air exchange rate: see Air change per hour
Air leakage: see Infiltration

Air to air energy recovery: (a.k.a. heat recovery ventilation, HRV, mechanical ventilation heat
recovery or MVHR) is an energy recovery ventilation system, using equipment known as a heat
recovery ventilator, heat exchanger, air exchanger or air-to-air exchanger, that employs a counter-
flow heat exchanger between the inbound and outbound air flow. Heat recovery ventilation
provides fresh air and improved climate control, while also saving energy by reducing the heating
(or cooling) requirements.

Attenuation coefficient: see Absorbance

B

Building volume (net): the volume of the conditioned air space of a building measured by its
internal dimensions.
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C

Carbon footprint: the carbon dioxide emissions caused by the operation of the building. The
carbon footprint is a subset of the ecological footprint and of the more comprehensive Life Cycle
Assessment (LCA). Once the size of a carbon footprint is known, a strategy can be devised to
reduce it, e.g. by technological developments or consumption strategies. The mitigation of
carbon footprints through the development of alternative projects, such as solar or wind energy,
represents a way of reducing a carbon footprint and is often known as Carbon offsetting.

Note: “Carbon footprint.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.://en.wikipedia.org/wiki/Carbon_footprint

Carbon offsetting: see Carbon footprint
Climate data: see Weather data
Cold bridge: see Thermal bridge

Conditioned area: is the sum of the floor areas of spaces that are heated or cooled.

D

Direct Shade Factor Reduction: defines the percentage of heat energy that reaches the interior
space due to solar irradiation.

District cooling: Working on broadly similar principles to district heating, district cooling delivers
chilled water or other media to multiple buildings for cooling. The cooling (actually heat
rejection) is usually provided from a dedicated cooling plant.

Note: “District cooling.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/District_cooling

District heating (also called Teleheating): is a system for distributing heat generated in a
centralized location for residential and commercial heating requirements such as space heating
and water heating. The heat is often obtained from a cogeneration plant burning fossil fuels but
increasingly biomass, although heat-only boiler stations, geothermal heating and central solar
heating are also used, as well as nuclear power. District heating plants can provide higher
efficiencies and better pollution control than localized boilers.

Note: “District heating.” Wikipedia the Free Encyclopedia. 14 May. 2010
http://en.wikipedia.org/wiki/District _heating

E

Energy evaluation: Information about the project’s energy performance based on building
geometry analysis, weather data and some user input. As a result, yearly energy consumption,
carbon footprint and monthly energy balance is available.

Energy fluctuation: irregular energy flow through a building structure (e.g. a wall)
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F

Fenestration: products that fill openings in a building envelope, such as windows, doors,
skylights, curtain walls, etc., that permit the passage of light.

Fluorescent light: is a gas-discharge lamp that uses electricity to excite mercury vapor. The
excited mercury atoms produce short-wave ultraviolet light that then causes a phosphor to
fluoresce, producing visible light. A fluorescent lamp converts electrical power into useful light
more efficiently than an incandescent lamp. Lower energy cost typically offsets the higher initial
cost of the lamp. The lamp is more costly because it requires a ballast to regulate the flow of
current through the lamp.

Fresh air heating: Combined heating — air conditioning system, which gains the heat of the taken
air, and heats up the fresh air in an air-handling unit, before being exhaled back out into the room.
Cold and hot pipes, or more advanced technology is used to control the temperature of the air as it
passes through the system. All of this is usually controlled from a basement or a control box
somewhere secluded in the building.

G

Green energy: Green energy in EcoDesigner consists of energy obtained by air to air energy
recovery, solar collectors and heat pumps. For further info, see these definitions.

H

Heat capacity: see Heat storage mass

Heat pump: is a machine or device that moves heat from one location (the ‘source’) to another
location (the ‘target’, ‘sink’ or ‘heat sink’) using mechanical work. Most heat pump technology
moves heat from a low temperature heat source to a higher temperature heat sink. Most
commonly, heat pumps draw heat from the air or from the ground. The reversing valve switches
the direction of refrigerant through the cycle and therefore the heat pump may deliver either
heating or cooling to a building. In the cooler climates the default setting of the reversing valve is
heating. The default setting in warmer climates is cooling.

Note: “Heat pump.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/Heat_pump

Heat source: A heat source is anything that can heat up a building. Heat sources can be external
(from outside the building) or internal (from inside the building). External heat sources include:
the Sun, reflected sunlight, any kind of fuel, electricity and released heat from the ground. Internal
heat sources can be electric equipment, people, lightning systems, etc.

Heat storage mass (also known thermal mass, thermal capacitance or heat capacity - Cth): is the
capacity of a body to store heat. It is typically measured in units of J/°C or J/K (which are
equivalent). If the body consists of a homogeneous material with sufficiently known physical
properties, the thermal mass is simply the mass of material present times the specific heat capacity
of that material. Thermal mass as a concept is most frequently applied in the field of building
design. In this context, thermal mass provides “inertia” against temperature fluctuations,
sometimes known as the thermal flywheel effect. For example, when outside temperatures are
fluctuating throughout the day, a large thermal mass within the insulated portion of a house can
serve to “flatten out” the daily temperature fluctuations, since the thermal mass will absorb heat
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when the surroundings are hotter than the mass, and give heat back when the surroundings are
cooler. This is distinct from a material’s isolative value, which reduces a building’s thermal
conductivity, allowing it to be heated or cooled relatively separate from the outside, or even just
retain the occupants’ body heat longer.

Note: “Thermal mass.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/Thermal_mass

Heat transfer coefficient: is used in calculating the heat transfer, typically by convection or phase
change between two aggregates. The heat transfer coefficient has SI units in watts per meter
squared-kelvin [h=W/m2K].

H=Q/AXATxAt) where

H = heat transfer coefficient, [W/m2K]

AQ =heat input or heat lost, [J]

A = heat transfer surface arca, [m2 ]

AT = difference in temperature between the solid surface and surrounding fluid area, [K]
At = time period, [s]

Note: “Heat transfer coefficient.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/ Heat transfer coefficient

Hot water generation: Typical domestic uses of hot water are for cooking, cleaning, bathing, and
space heating. In industry, both hot water and water heated to steam have many uses. Appliances
for providing a more-or-less constant supply of hot water are variously known as water heaters,
boilers, heat exchangers, calorifiers, or geysers depending on whether they are heating potable or
non-potable water, in domestic or industrial use, their energy source, and in which part of the
world they are found. In domestic installations, potable water heated for uses other than space
heating is sometimes known as domestic hot water (DHW). In many countries the most common
energy sources for heating water are fossil fuels: natural gas, liquefied petroleum gas, oil, or
sometimes solid fuels. These fuels may be consumed directly or by the use of electricity.
Alternative energy such as solar energy, heat pumps, hot water heat recycling, and sometimes
geothermal heating, may also be used as available, usually in combination with backup systems
supplied by gas, oil or electricity. In some countries, district heating is a major source of water
heating.

Note: “Water heating.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/ Water_heating

Human heat gain: the amount of heat produced by the human bodies in the building.
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I

Incandescent light: is a source of electric light that works by incandescence (a general term for
heat-driven light emissions, which includes the simple case of black body radiation). An electric
current passes through a thin filament, heating it to a temperature that produces light. The
enclosing glass bulb contains either a vacuum or an inert gas to prevent oxidation of the hot
filament. Incandescent bulbs are also sometimes called electric lamps, a term also applied to the
original arc lamps.

Note: “Incandescent light bulb.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/ _Incandescent light bulb

Infiltration (air leakage/air permeability): is the unintentional or accidental introduction of
outside air into a building, typically through cracks in the building envelope and through use of
doors for passage. Infiltration is caused by wind, building pressurization and stack effect. The
infiltration rate is the volumetric flow rate of outside air into a building, typically in cubic feet per
minute (CFMs) or liters per second (LPSs).

Note: “Infiltration (HVAC).” Wikipedia the Free Encyclopedia. 14 May. 2010
http://en.wikipedia.org/wiki/ _Infiltration (HVAC)

Internal heat gain: may result from the heat output of human bodies, lamps motors and
appliances. In buildings such as office buildings, commercial stores, shopping centers,
entertainment halls etc. much of the overheating problem during the summer can be caused by
heat produced by equipment or by a high level of artificial lighting.

Internal target temperature: the temperature (range) needed in a room or building when it is
used. Based on the activities in the building, the profile may vary by workdays/non-working days,
needed temperature and daily period.

L

LED light: A light-emitting-diode lamp is a solid-state lamp that uses light-emitting diodes
(LEDs) as the source of light. Since the light output of individual light-emitting diodes is small
compared to incandescent and compact fluorescent lamps, multiple diodes are used together. LED
lamps can be made interchangeable with other types. Most LED lamps must also include internal
circuits to operate from standard AC voltage. LED lamps offer long life and high efficiency, but
initial costs are higher than those of fluorescent lamps.

Note: “LED lamp.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/ LED lamp

Lighting power density (LPD): the maximum lighting power per unit area of a building
classification of space function. Examples for a whole building in W/{t2: Convention Center 1.22,
Hospital 1.23, Hotel 1.02, Museum 1.11, Parking garage 0.27, School/University 1.2,
Transportation 1.0, Warehouse 0.82.

Linear thermal currents: According to the second law of thermodynamics (a.k.a. the Clausius
statement), thermal currents are induced inside a (building) material, if there is a temperature
difference between its two sides. Theories of fundamental thermal physics are only valid if these
thermal currents are perpendicular to the surface (one dimensional). This, in reality, could occur
only if the structures were infinitely large and the composite layers were homogenous and parallel
to each-other. Still, general external building shell elements are evaluated supposing that the nature
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of heat flow through them is linear, because the result obtained using this method is within the error
margin, compared to actual measurements. For further info on thermal currents, see also: Multi-
dimensional thermal currents and Transmission.

M

Mechanical cooling: Air refrigeration is provided through the removal of heat. The definition of
cold is the absence of heat; all mechanical air cooling systems work on this basic principle. Heat
can be removed through the process of radiation, convection, and heat cooling through a process
called the refrigeration cycle. The conduction mediums, such as water, air, ice, and chemicals, are
referred to as refrigerants.

Note: “HVAC.” Wikipedia the Free Encyclopedia. 14 May. 2010
http://en.wikipedia.org/wiki/ HVAC

Mechanical ventilation (a.k.a. forced ventilation): through an air handling unit or direct
injection to a space by a fan. A local exhaust fan can enhance infiltration or natural ventilation,
thus increasing the ventilation air flow rate. See also Natural ventilation and Infiltration.

Note: “Ventilation (architecture).” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/Ventilation (architecture)

Monthly energy balance: according to the Conservation of Energy law of physics, when
monitoring all energy flows related to the building, the amount of energy the building emits must
equal the amount of energy supplied to the building. The Monthly Energy Balance bar chart on
EcoDesigner’s Energy Balance Evaluation report is the graphical representation of these energy
flows.

Multi-dimensional thermal currents: According to the second law of thermodynamics (a.k.a.
the Clausius statement), thermal currents are induced inside a (building) material, if there is a
temperature difference between its two sides. In reality, multi-dimensional thermal currents occur
at places of:

* material change

* change

* in geometry

* change

* inconstruction

For further info on thermal currents, see also: Linear thermal currents and Transmission.

N

Natural heating: this Heating type option in EcoDesigner has been developed for warm climate
countries, where the annual energy required for heating is very low. The installation of a heating
system is not necessary, if the fact that the internal air temperature drops below the prescribed
level on a couple of chilly nights or mornings a year is tolerated by the inhabitants. Set Heating
type to natural in such cases, for the calculation engine of EcoDesigner to assume that the
external air is sufficient for heating purposes.

Natural heat source: see Natural heating
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Natural ventilation: is the process of supplying and removing air through an indoor space by
natural means. There are two types of natural ventilation in buildings: wind driven ventilation and
stack ventilation. The pressures generated by ‘the stack effect’, also known as buoyancy, are quite
low (typical values: 0.3 Pa to 3 Pa) while wind pressures are usually far greater (~1 Pa to 35 Pa).
The majority of buildings employing natural ventilation rely primarily on wind driven ventilation,
but stack ventilation has several benefits. The most efficient design for a natural ventilation
building should implement both types of ventilation.

Note: “Natural ventilation.” Wikipedia the Free Encyclopedia. 14 May. 2010
hitp.//en.wikipedia.org/wiki/ Natural ventilation

P

Pellet (wood): is a type of wood fuel, generally made from compacted sawdust. Pellets are usually
produced as a by- product of sawmills and other wood-related industry. The pellets are extremely
dense and can be produced with a low humidity content (below 10%) that allows them to be
burned with very high combustion efficiency.

Note: “Wood pellet.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/ Wood_pellet

Primary heat source: In EcoDesigner, primary heat sources include natural gas, propane, oil,
wood, coal or Pellet. See also Secondary heat source.

Primary hot water source: In EcoDesigner, primary hot water sources include natural gas,
propane, oil, wood, coal or Pellet. See also Secondary heat source.

R

R-value (Thermal resistance coefficient): The inverse of the U value. A measure of thermal
resistance used in the building and construction industry. Under uniform conditions it is the ratio
of the temperature difference across an insulator and the heat flux. The bigger the number, the
better the building insulation’s effectiveness. Typically it is measured in square-metre kelvins per
watt or m*-K/W (or equivalently to m?-°C/W). A thermal barrier that is composed of several layers
will have several thermal resistors in the analogous circuit, each in series. Increasing the thickness
of an insulating layer increases the thermal resistance.

Note: “R-value (insulation).” Wikipedia the Free Encyclopedia. 14 May. 2010
hitp.//en.wikipedia.org/wiki/R-value (insulation)

S

Secondary heat source: Energy produced from a primary heat source by a power plant, then fed
to the building. In EcoDesigner, secondary heat sources include electricity, district cooling and
district heating. See also Primary heat source, District cooling and District heating.

Solar collector (solar thermal collector panels): a collector designed to collect heat by absorbing
sunlight. A collector is a device for converting the energy in solar radiation into a more usable or
storable form. The energy in sunlight is in the form of electromagnetic radiation from the infrared
(long) to the ultraviolet (short) wavelengths. The solar energy striking the earth’s surface depends
on weather conditions, as well as location and orientation of the surface, but overall, it averages
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about 1,000 watts per square meter under clear skies with the surface directly perpendicular to the
sun’s rays.

Note: “Solar thermal collector.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/Solar_thermal collector>

Solar gain (a.k.a. solar heat gain or passive solar gain) refers to the increase in temperature in a
space, object or structure that results from solar radiation. The amount of solar gain increases with
the strength of the sun, and with the ability of any intervening material to transmit or resist the
radiation. Objects struck by sunlight absorb the short-wave radiation from the light and reradiate
the heat at longer infrared wavelengths. Where there is a material or substance (such as glass)
between the sun and the objects struck that is more transparent to the shorter wavelengths than the
longer, then when the sun is shining the net result is an increase in temperature - solar gain.

Note: “Solar gain.” Wikipedia the Free Encyclopedia. 14 May. 2010
http://en.wikipedia.org/wiki/ Solar_gain >

Solar irradiation decreasing constants: Shadows cast upon the building shell by external objects
(Fagade Shadings/ Shading) are taken into consideration in EcoDesigner by applying numeric
reduction percentage values, which may be set for each orientation individually.

Solar transmission: The percentage of incident solar radiation transmitted by an object which
includes the direct Solar Transmission plus the part of the Solar Absorption reradiated inward.
TST (Total Solar Transmission) divided by 100 equals Solar Heat Gain Coefficient (SHGC) or g-
value.

Space heating: is a kind of heating using a self-contained device for heating an enclosed area. It is
also known as a portable heater, a room heater or an auxiliary heater. Space heating generally
warms a small space, and is usually held in contrast with central heating, which warms many
connected spaces at once. Space heating does not include water heating, unless it is used for
hydronic heating.

Note: “Space heater.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/ Space heater

T

Teleheating: see District heating

Thermal bridge (also called cold bridge): is created when materials that are poor insulators come
in contact, allowing heat to flow through the path created. Insulation around a bridge is of little
help in preventing heat loss or gain due to thermal bridging; the bridging has to be eliminated,
rebuilt with a reduced cross-section or with materials that have better insulating properties, or
with an additional insulating component (a thermal break). Thermal bridges are characterized by
multi-dimensional heat flows that are typically approximated by one-dimensional models of
calculation, which are used in norms and standards for the thermal performance of buildings.

Note: “Thermal bridge.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/ Thermal bridge

Thermal conductivity (k): is the property of a material that indicates its ability to conduct heat.
Thermal conductivity is measured in watts per kelvin metre [W/K, m]. Multiplied by a
temperature difference (in kelvins, K) and an area (in square metres, m2), and divided by a
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thickness (in metres, m) the thermal conductivity predicts the power loss (in watts, W) through a
piece of material.

Note: “Thermal conductivity.” Wikipedia the Free Encyclopedia. 14 May. 2010
hitp.//en.wikipedia.org/wiki/ Thermal_conductivity

Thermal mass: see Heat storage mass
Thermal resistance coefficient: see R-value

Total shade factor reduction: defines the percentage of total heat energy that reaches the interior
space.

Total solar transmission: see Solar transmission.

Transmission (Heat transfer) is the transition of thermal energy from a hotter mass to a cooler
mass. When an object is at a different temperature than its surroundings or another object, transfer
of thermal energy, also known as heat flow or heat exchange, occurs in such a way that the body
and the surroundings reach thermal equilibrium; this means that they are at the same temperature.
Heat transfer always occurs from a higher-temperature object to a cooler-temperature one as
described by the second law of thermodynamics (a.k.a. the Clausius statement). Where there is a
temperature difference between objects in proximity, heat transfer between them can never be
stopped; it can only be slowed. In case of building physics, thermal currents are induced inside a
(building) material, if there is temperature difference between its two sides. See also: Linear
thermal currents and Multi-dimensional thermal currents

Note: “Heat transfer.” Wikipedia the Free Encyclopedia. 14 May. 2010
hitp.//en.wikipedia.org/wiki/ Heat transfer

U

U-value: the measure of the rate of heat loss through a material. Thus in all aspects of home design
one should strive for the lowest U-values possible because, the lower the U-value, the less heat that
is needlessly escaping. It is measured as the amount of heat lost through a one square meter of the
material for every degree difference in temperature either side of the material. It is indicated in
units of Watts per Meter Squared per Degree Kelvin or W/m2K. U-value is the inverse of the R-
value.

A\

Ventilation: the intentional movement of air from outside a building to the inside. It is the V in
HVAC. Types of Ventilation are Mechanical forced ventilation, Natural ventilation and Infiltration.
See also: Air changes per hour

W

Weather data (or climate data): searchable records of climatology and historical weather for all
locations, worldwide. The weather data used by EcoDesigner contains hourly records of air
temperature, relative humidity, wind speed and solar radiance for a reference year.
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Wind velocity: The horizontal direction and speed of air motion. It is a scalar quantity, the
magnitude of the vector of motion.

Note: “Wind speed.” Wikipedia the Free Encyclopedia. 14 May. 2010
http.//en.wikipedia.org/wiki/ Wind_speed

Y

Yearly energy consumption: The annual amount of energy the project needs in order to fulfill the
interior climate criteria specified for the function of the building.
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ANNEX 2: EcoDesigner STAR
Sample Workflow

1. Introduction

Welcome to the GRAPHISOFT EcoDesigner STAR Sample Workflow.

GRAPHISOFT EcoDesigner STAR is a revolutionary step forward in Building Energy Modeling.
It offers building energy simulation that fulfills the most rigorous standards, delivering accurate
energy analysis for any building type in any climate!

EcoDesigner STAR is fully integrated with ArchiCAD, and requires no previous building energy
simulation expertise to create energy performance reports at any stage of the design process.

Climate Analysis

Our sustainable building design workflow begins with Climate Analysis. This chapter
demonstrates how to create accurate weather statistics (including annual and monthly
temperature values, relative humidity, solar-radiation and wind speed) for any given building site
on the globe and how to compare the project’s comfort requirements with the local climate.

EcoDesigner STAR generates a detailed report about the building site’s weather characteristics
and project-specific comfort conditions. Based on this report, the most appropriate low-energy
building design solutions can be chosen for the architectural design project.

Building Energy Model Calibration

Calibration step helps to ensure data input accuracy, which greatly affects the accuracy of the
energy evaluation. To make sure that all the energy-related characteristics of the zones, structures,
openings and building systems are correctly set, it is worth performing the model calibration
process for every Building Energy Model.

This chapter presents one scenario from the ASHARE 140 standard to explain a typical model
calibration workflow. An overview of the ASHARE 140 standard demonstrates how EcoDesigner
STAR complies with this widely used international simulation standard.

Project Specific Low-Energy Building Solution Set

There are several ways to make a building more energy efficient, but a solution that works well
for a certain project at one location might actually be counter-productive in another location.

This chapter presents how to choose the most appropriate solution for your project.

In this workflow, we run an hourly building energy simulation to test several architectural
solutions on our example project. Using a method called sensitivity analysis, the calculation
results are then compared to determine the best low-energy building solutions for the project.
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Low-Energy Demand Architectural Design

This chapter presents how to use ArchiCAD to implement the chosen low-energy architectural
solution on a building information model (BIM) using EcoDesigner STAR’s features.

EcoDesigner STAR extracts the majority of the data needed for dynamic energy simulation
directly from the ArchiCAD BIM. Using this data, it automatically creates the building energy
model (BEM). Here, the industry-first direct BIM-to-BEM technology is demonstrated.

Finally, the workflow examines the results of the simulation.

Building System Efficiency Optimization

This chapter shows how to test different strategies, and then determine the optimal low-energy
building solution set for the project and how to evaluate overall building energy efficiency
(with building systems included).

First, we add the necessary baseline building systems to our example Baseline Building model
and document it for the purpose of performance rating.

As the next step, the sensitivity analysis method is used on the building systems, to determine
optimal low-energy building system solution set and renewable energy solution set.

Then we use the EcoDesigner STAR Building Systems dialog to implement these solution sets on
the example model.

Finally, the energy simulation is run in building energy performance rating mode to produce
results that enable the quick and effective comparison of the Designed Building’s energy
performance with the Baseline Building’s energy performance.

Besides the building energy performance rating, fuel consumption, fuel cost, carbon-dioxide
equivalent emission and primary energy calculations are also executed at this final stage. The
detailed results include all output data required by the energy section of the leading sustainable
building design standards (e.g. LEED, Green Star). They can be documented for further design
optimization or post-processed for submittal.

Summary

We hope that you will find this workflow useful in your everyday design practice.
GRAPHISOFT ArchiCAD and EcoDesigner STAR is easy to learn and fun to use!
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2. Climate Analysis

This chapter presents how to generate and document the weather statistics needed to choose the
best sustainable design solution for your architectural design project.

For detailed Climate Analysis, the following aspects must be considered:

Annual and monthly lowest, highest and average of the

» external air temperature

+ relative humidity

* solar radiation

» wind speed

All these are directly derived from the online “weather file”. In the following, we will show you

how to obtain such weather files and use them to produce the above mentioned annual and
monthly statistics.

We will also present how to calculate the so-called “Degree Days” using the above statistics. This
information will be later used to support design decisions regarding architectural solutions (e.g.
building shape, zoning, materials etc.) as well as heating and cooling systems in the building.

We will also determine the so-called “Unmet Load Hours” data for the weather at the project’s
location, taking into consideration the intended use of the building, to find out how many hours of
the year is the climate too cold or too hot for the designated purpose.

“Degree Days” and “Unmet Load Hours” are metrics basic on the climatic characteristics of the
building site, and taking into account the intended use of the building. These data help
architectural designers choose the right sustainable solution.

By definition:

*  “Degree Days” are the integral of dry bulb temperature as a function of time, relative to a base
temperature. The Heating and Cooling requirements for a given structure at a specific location
are considered to be directly proportional to the number of “Degree Days” at that location.

*  “Unmet Load Hours” are the number of hours during a year when the internal temperature is
out of the comfort range defined in the operation profile.

If Heating and Cooling “Unmet Load Hours” are calculated for a climate file, taking into

consideration the building’s intended use, then they represent the total number of hours

throughout a year that are outside of the comfort range. This information is a very useful indicator
of how friendly or un-friendly a particular climate is.
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2.1 Draw Climate Analysis Reference Building

Open an empty ArchiCAD project. The first step is to create a so-called “Climate Analysis
Reference” building. To be able to define the internal temperature, define an extremely simple
internal space. Make it a very simple room defined by four walls, a floor slab and a roof. Insert a
3D Zone. These are all standard ArchiCAD elements. Here’s our simple building in 3D.

® ArchiCAD File Edit View Design  Document  Options  Teamwork Window Test Help
D @~ @@l 2 8 ®nl o2 #lal sz a8 « % R ZIr 7 s o P

i — Toolbox | . .

Seloct | Detasit Sottings & &5 D suwctnl- 8. » W @,I = | @ T inideface  »| = J]_U]nmmu
k arow @00 _Climate Analysis 09 3D / All
173 Marquee

| w Design

l Door
E Window
§ Column
& Beam
<3 slab
«@ Stair
& Roof
g Shell
I Skylight
&7 Curtai...
:i'} Morph
B Object
[5Y Zone
S Mesh

| » Document
| = More

We used very thin, 10 mm exterior structures: this is technically a “paper box” space whose sole
purpose now is to define an internal space.

Display the “Energy Model Review” palette, and switch to the Thermal Blocks page. Define a
Thermal Block based on the previously created Zone. Thermal Blocks are necessary for the
building energy analysis.

I = :. - Energy Model Review — Thermal Blocks rm = e
RS Thermal Blocksl] 1) Structures (% Openings

001 New Thermal Block

N Add Zones 1o Thermal Block

Add selected Zone(s) 1o "001 New Thermal Block™ 7 Show All Zones
| D Name Story_ Thermal Block  Category  Layer |
o 010 Residential 0. Cround Floor Mot assigned H Reside... Model Unit -...

| | Cancel | | OK ‘JE
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Visualize the new Thermal Block in 3D. Note that all the relevant geometric and physical
properties of the individual 3D building elements - walls, slab and roof - are automatically
mapped by the newly created thermal block and linked to it, for the purpose of energy simulation.
You can select the individual elements in the list, and their 3D representation is instantly
highlighted in the 3D window for easier identification.

Climate Analysis 09 3D / All J Navigator - View Map
B a[Eale
¥ (I Climate aag Sie An
: Cosite

Update Janet | ¥ @) Moo Plans

Results of the Last Update a2 Story
S%un N, asName A Addedm k.l 1 . =

@ &

_ B Therm

| ¥ 001 New Thermal Block

¥ () External Structures
g Strasght Wall - Existing
(@ Seraight Wall - Existing
(@ Straight Wall - Existing
@y Straignt wall - Exitting
&3 Slab - guisting
% Slab ~ Existing
3 Slab - Existing

The floor slab is automatically subdivided, because it has direct contact with the ground. The slab
strip along the perimeter has different building-energy related characteristics than the internal part
of the slab, which is further away from the external environment.

Remember: the goal here is to create minimum resistance structures so that their internal space
has a climate similar to the external weather. This internal space is necessary because we want to
draw conclusions about the external weather conditions with respect to internal thermal comfort
requirements.

To define minimal resistance structures, display the “Structures” page of the “Energy Model
Review” palette. All elements are made of a thin layer of fiberboard, with high “U” value
representing low thermal resistance.

[ . - _Erergy Model Review = Structures. e PP RF TP
Hﬂr S =
. B Thermal Blocks m [® Openings

Type Orentavon *¥ C.. Thermal Biock Rame v area [m'] Correction - Area [m] Thackness [mm] U-value (Wim K] nfiltration [Ifsm’)

Ssab  Sabongrade [l 001 New Tnermal. [T Fiberooara 400 000 10 & 18.00

ASlab  Siab on grade 001 New Thermal . [ Fiberboard 24.00 0.00 10 @ 18.00

gy wall West 001 tew Thermal . [ ] Fiberboard 16.20 0.00 10 @46l 100.00

Gwa  South B 001 Mew Thermal ., [ Fiterboard 260 000 10 @46l 100,00

B Wl Ean 001 Kew Thermal .. [ ] | Fiberboard 1620 000 10 @461 100.00

@y wal  Noan 001 New Tnermal . [T]] Fibersoard 2160 000 10 @ 461 100,

35b  Upward [0 001 New Thermat, (] Fiberboard 4500 0.0 10 @51 100,00
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Shown here are the default thermal properties (density, heat capacity and thermal conductivity) of
the fiberboard material, which result in the high “U” value.

NN.O U-value Calculator
Assign physical properties te each composite skin:
| $kin Name Thickness Thermal conductivity [...  Density [kg/m'] Heat capacity [I/kgKl
B B Fiberboard 10 0.1800 800.00 1700.00
External heat transfer coefficient: 24.00 W/m'X

7 U-value: »
Internal heat transfer coefficient  gpp Wm'K

; 4.61 Wim'k
Thermal bridge effect: 0.11 WmK

Cancel ——--OE— —|

Set the infiltration value to its maximum and enter zero for the “solar absorptance” values.

I S R _

e == e
| B Thermal Blocks [TENSHUCEUeRN] [® Openings |

e Orientation v (. Thermal Bock hame w Asea [m'] Correction = Area [m'] TRickness [mm] U-wabue [Wim K] infleration [1ism’] Selar Absorptamce (K] ]

$stab  Sabongrade [l] 001 New Thermal . [C)]Fiberbowra T4.00 0.00 10 @ 18.00

88ab  Slabongrade [ 001 New Thermal | )] Fiberboard 24,00 .08 10 & 1800 =e

W west [ 00t New Thermar., [ ]riberboare 1620 0.00 1© @461 100.00 [0.00

JWall South O 001 Kew Thermat.. [ riberboand 2160 000 10 @481 109.00 000 §

Wl Eam [ 00t New Thermat... [ Fitserboare 1620 000 10 @451 100,00 0.00

jWall  Horth [ 001 New Theemat. [ ]riberboard 2160 0.00 10 @481 100.00 0.00

B8 Upward O 001 New Thermat.., [ ] riberboard 4800 000 10 @51 100.00 000

This way, the internal and external climate characteristics will match. The goal is to avoid the
wind resistance and the heat absorptance of the external structures, otherwise solar irradiation

would heat up the internal space.
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2.2 Set Location and Climate

Display the Environmental Settings dialog to define the project location and climate.

! Environment Settings

Location and Climate:
47.53° N, 21.64°F |_Project Locationy, |
. Climate source: HUN_Debrecen.1 | Climate Data... |
Grade Level: to Project Zero [» |
@ Offset Distance 0
'Modeled by Mesh Elements
| Surface Heat Transfer...
Soil Type: Clay v |
Thermal Conductivity 0.500 W/mK
Density 1800.00 kg/m’?
Heat Capacity 1000.00  J/kgK
Surroundings: Carden -
Ground reflectance 20 %
| _ Wind Protection... _ _J
| Horizontal Shading... |
| Cancel || OK
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Enter the name and address of the project here. You could also define the location by entering the

latitude and longitude values numerically.

Project Location

Project Name: Climate and Site Analysis |_Eﬂ__
Site Address: | Debrecen, Hungary ([ Edit...
Latitude: 47.53000000° (N 2@ [ Cies..
Longitude: 21.64000000° 1 (e 3] [ mport.. |
Altitude: 108.00 m[»] | Export...

Time Zone (UTC): | (UTC-07:00) Central Standard Time } |

Project North:

e |90.00° O]

Note: Change of Project Location will affect the

Sun pesition accordingly. Open Sun dialog to |

Show in Google Maps...

change Sun pasition,

[ Cancel || OK

J

Another way to check Project Location is to use Google Maps, which automatically displays the

previously entered project location.

The Altitude value must be defined precisely, because the external air pressure value depends on
the altitude, and external pressure has a strong effect on energy balance calculation.

The time zone must be set up correctly to ensure accurate Solar Analysis.

In Environment Settings, display the Climate Data dialog.

Erevironmant Setlimgs

Location and Climate
47.53" N, 21 64'E
. Oimate source. HUN_Debrecen.] “ Climate Data

Project Location

Grade Level 8o Project v »
s ONgat Distance 0
Modeled by Mesh Elements

Surface Heat Transfer,

Soil Type Cay
Thatrrdd Cord ity 0100 W/mK
Dty 182000  kg/m’
Heat Capacing 100000  |/igX
Surroundings Curden :
Cround reflectarce 20 %

Wind Protection..

Horizontal Shading .

Carced oK
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EcoDesigner STAR offers two ways to obtain the hourly climate data file necessary for the energy
simulation:

* Download the weather data file from the StruSoft server.
* Import climate data files from other sources.

oo Climate Data

. Climate data is ready for simulation
|

Download from Strusoft Climate Server
(*) Use ASHRAE IWEC, TMY, WTEC2 fle Browse...
Climate source MIUN Debrrcen 128820 i< epw
Climate Type: Cimate Zone identifier:
Moist (A) H SA
Data Typa: *C » View
Air temperature : "]' ®

<
0

Auy e XL New. Deg

T Maximum: 32,70 N Aewrage:  10.19 J Maimum -21.50

For instance, we can import ASHRAE analytic climate data provided by United States
Department of Energy. To obtain the climate file, access the US Department of Energy website.
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Navigate to the “Add-Ons” Weather Data site, then browse the geographic location of your
building site.

U5, DEPARTWENT 08

Energy Efficiency &

EERE Home | Programes & Offices | Censumer information

E Y Ranawable Energy

EnergyPlus Energy Simulation Software

Acgount Sign In
EnergyPius Enamgy Simulation Softwarg

Search Help

EERE = Biillding Technolagles Offics » EnergyPlis Enargy Simulation

Hams

About
Dawnload
Qecumentation
Tralning
Suppert
Add.Ong

OpenSiudio Apphcation
Suitey

EnergyPlus Exampls File
Ganarator

Wedther Data

‘Waathar Data for
Samulation

- Format Definition
- Sourcoes
- ReakTima Data

Third-Party Software

» Add

B Pratabie Varsian

[+
Weather Data

Weather data for Hungary are available below. The oniginal source data are described on the Weather Data Sources page.
Leam more about the weather flles.

All Regions : Europe WMO Region 6 : Hungary

Debrecen 128820 (IWEC) Ll

Szombathelk128120 (IWEC) Wze

File Information

Each file is named using the 150 standard threeletter country abbreviation (.e. CUB for Cuba), fellowed by the location name, Werld
Meteorological Organization designation (WMO) and the source format (CTZ2, CWEC, CityUHK, CSWD, CTYW, ETMY, IGDG, IMGW, IMS,
INETI, ISHRAE, ITMY, IWEC, KISR, NIWA, RMY, SWEC, SWERA, or TMY3), Thus,

CUB_Havana. 782240_[WEC. zip — is the ASHRAE Intemational Weather for Energy Calculations (IWEC) data for Havana, Cuba, WMO
TH2240,

The compressed file (ZIP) which contains the following files for the location:
+ EnergyPlus weather files (EPW)

« A summary repert on the data (STAT)
+ An ASHRAE Design Conditions Design Day Data file (DDY).

Download the weather file as a ZIP file to your computer. The unzipped file contains weather data

in EPW file format.

Import the EPW file to EcoDesigner STAR by clicking the “Browse” button.
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The imported weather data is shown instantly: Air Temperature, Relative Humidity, Solar
Radiation and Wind Speed diagrams can be displayed in monthly, weekly, daily and hourly
time intervals.

L6 Climate Data

. Climate data is ready for simulation

() Download from Strusoft Climate Server
(*) Use ASHRAE IWEC, TMY, WTEC2 file [ Browse...

| Climate source: HUN_Debrecen.128820_IWEC.epw

Climate Type: Climate Zone ldentifier:

| Moist (A)

¥ Air temperature
Relative humidity
Solar radiation

Wind speed

“10)
-20] - —

Jan. | Feb. | Mar. | Apr. | May. | Jun. | Jul. | Aug. | Sep. | Oct. | Mov. | Dec.

J Maximum: 32.70 H Average: 10.19 2 Minimum: -21.50
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For example, below is the colored wind speed diagram, showing maximum, minimum and
average values. For the Air temperature value, display units can be toggled between Celsius and
Fahrenheit degrees.

000 Climate Data

. Climate data is ready for simulation

() Download from Strusoft Climate Server
@ Use ASHRAE IWEC, TMY, WTEC2 file

| Browse...

Climate source: HUN_Debrecen.128820 IWEC.epw

Climate Type: Climate Zone ldentifier:
| Moist (A) +] SA
Data Type: View:
| Wind speed : | ];El@l@lm
S x\\._ NE
—_ T
-, /\\' I\\
: it ‘\.II' ‘Ill \I
o =
LA
£ ,"'( ‘_,f"llm
L
/,\’\/SE
—
0 1.2 4 8 12 16 >16m/s
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2.3 Set Operation Profile

The next step is to define the internal thermal comfort requirements. First, define an
“Operation Profile” for the thermal block created earlier.

From the Energy Model Review palette, display the Operation Profiles dialog and select the
predefined “Residential” operational profile.

Nn0o Operation Profiles

Available Operation Profiles

Other habitable rooms (non residential) HNew...

Personal office Rename...
Residential
Restaurant LY | Delete
Potail chanldanartmont ctorn J
Occupancy Dara
Qccupancy type: Human heat gain: 120.00 W per capita
Residential s Service hot-water load: | 150.0( !/day per capita

Humidity Load: 5.00 l/day

Note: Define "Residential® profile’s daily schedules and drag them in the order of precedence.

Daily Schedules Recurrence  Date Range In use [hours]
% | habitation » Every Day | ... All Year ... 8760
Add Remove Uncovered:

Edit Daily Schedules.

As needed, modify this Operation Profile to suit your purpose. (To implement these modifications
without losing the default content, first duplicate the existing Residential operation profile and
then work on the copy.)

The aim is to avoid any extra humidity load and consider only the humidity characteristics
defined by the local weather.

Open the Profile Editor dialog to edit the daily schedules. The upper diagram displays the hourly
temperature limits for a residential interior space over one day.

In this example, the internal air temperature limit values for the time interval between 6 AM
and 11 PM:

* The maximum is set to 26 degrees Celsius and the minimum to 20 degrees Celsius.
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* For the rest of the day, the internal temperature is allowed to free-float (there are no specific
maximum or minimum temperature limit values defined from 11PM till 6AM).

Edit profile data in the selected time period

°’C Internal temperature ]

30 -

24 ™ ¥ Maximum: 26 IEJ "C

18 —

5 & ¥ Minimum: 20 | ) *C

€

0

\;\(;,fm’- Internal heat gain

s . [30ccupancy count:

; 30.00 |[3m? per capita

‘ . (™ Lighting: |-Compact_ﬂuores...

0 S
Power: 'Various EJ W/m?

D6 |§Jh 3 23 Glh 317 @Jh B  cquipment: L W/m?

The lower diagram displays the internal heat-gain, which is the sum of several individual
components, including heat emitted by the occupants, by the artificial lighting and by other
equipment.

Edit profile data in the selected time period

Internal temperature [»]
0 [ Maximum: 12| =¢
o () Minimum: ﬁ ol o
Internal heat gain
. go::cupancy count:
30,00 | @ m? per capita
B  Lighting: None
0 § 12 18 2ah Poikiei T wme
M1 | [ilh D2 | @h Qh—gjh B | Equipment: o wme

The aim is to determine how often the local climate conditions meet the internal thermal comfort
requirements defined by the internal temperature limit values.
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To find out, turn off all internal heat-gains and use only the previously defined maximum and

minimum temperature values for the simulation.

Edit profile data in the selected time period

aC
30

24

0 [t —

12

)
2ah

24k |

IPIRISLI JFRISLIR JFieL

| Internal temperature

0 [ Maximum: e
L0 () Minimum: o i e
Internal heat gain
- |_| Occupancy count;|
. |m? per capita

B ) Lighting: None

Power: .| W/m?
. [ ) Equipment: - o wim?

In fact, there are several places on Earth where the external temperature is mostly between 20 and
26 degrees Celsius throughout the entire year. In these climates, our internal thermal comfort
requirements would largely be met automatically, with only a few unmet load hours.
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Now you can determine how “friendly” the climate of your sample building project is. Assign the
new, custom operation profile to the thermal block we created earlier.

(2] Energy Model Review - Thermal Blocks ,
8 [] & =er
_ [ Structures  [J® Openings |

¥ 001 New Thermal Block
['¥4 010 Residential

e P
&|@x|
w Thermal Block Properties
B /001 [NewThermaigiock | [ Not Defined A g
Supply Building Systems Select Operation Pro_ﬁle_

 System Type System Name < |
- Y

$

| Start Energy Simulation v
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2.4 Run Energy Simulation

Start the Energy Simulation by pressing the corresponding button on the Energy Model Review
palette.

Energy Model Review - Thermal Blocks
= /o>
(EETREATEERN O Sructures (8 Openings |

¥ 001 New Thermal Block
[<4 010 Residential

@ |

&
w Thermal Block Properties
® 001 | NewThermal Block B @Residential copy ’
Supply Building Systems
| System Type System Name g-
Start Energykﬁimulation v

Start Energy Simulation

ArchiCAD detects if the design has changed since the last simulation and warns us if the Zones
must be updated. Let’s update the energy model, to make sure the program will consider the
building-energy related effects of last minute design changes, then start the energy simulation.
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The EcoDesigner Evaluation Report dialog opens. On the left side, various properties of the
report can be set.

On the “Report Chapters” page, check just those chapters you wish to publish in the PDF report.

no EcoDasigner® — Evaluation Report.

* Header and Footer
¥ Report Format |

Select Chapter(s) to Report: |
B Key Values 1
= [ TBKey Values 1 i )
: (Page Break) - Energy Performance Evaluation
= [ HVAC Design Data - |  [Project Numbed Ciimate and Site Analyss.
% [0 Project Energy Balance -
b R ik
2 O Energy Con..by Targets - P — g

¢ O Energy Con.. by Sources = |
= 0 TBEnergy Balance -
2 O Thermal Blacks - v i

2 1 Beasuahle Eosrm Snrrat =

Add/Remaowve Page Break; ol il P
Chapter Settings i \/\—\

Temperature unit "

L
W[4] 272 |» (™

Impart/Expart Farmat Settings s Close | | Save as PDF.. -

Here, select “Key values” and “Thermal Block Key Values” - the chapter that contains the “unmet
load hours”, among other values.

Continue by selecting the “Daily Temperature Profiles” chapter.

Use the chapter-specific settings on the bottom left of the dialog to define four days that represent
the four seasons in the reference year.

Select the following four days:
* February 1 (winter)

* May 1 (spring)

* August 1 (summer)
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November 1 (fall)
Note that the diagram on the right is automatically updated.

on EcoDesigner® - Evaluation Repodt

¥ Header and Footer
¥ Report Format

v Chapte
o id Energy Peformance Evaluation
Select Chapterfs) to Report [Project Numbed| Cimate and Ste Analyss
+ B Key Values 1
* B TH ey Values 1 31 Ao Thaeman Biccs - movermoes 1
Page Break) -
O HVAC Desige Data
& O Project Energy Balance
= B Daily Ternperatuse Profile 2
# O Energy Con.. by Targets - TATrIn
8 O Energy Con.. by Sources - - EEEEEE— 5
& O TR Energy Balince -
# 0 Thermal Blocks
P B ol P Sminm

Add Asmoes Page Braak: Frjpe

Chapeer Semings.
Temparaturs unit | C°
® Febr.., 1 001 Ne.
My 1 001Ne.
: August 1 001 Me.,
sin. o1 [ oo fJH]=

Import/Expart Ferkat Settings Close | | Saveas PDF.. bl

If the external and internal temperature graphs (dark and light blue lines respectively) practically
overlap, then there is no heat trapped inside the building. In other words: the low resistance
energy model of our climate analysis reference building is valid.
Note that the air temperature in winter is below the temperature requirements defined in the
Operation Profile (shown in red on the Daily Temperature Profile diagram).

Daily Temperature Profile

001 New Thermal Block c
o / External temparature

Min: -21.50, Max: -5.40, Avg: -13.44

10/ Intemal result tamparature

Min: -21.19, Max: -5.69, Avg: -13.31

-
& Internal temperature range
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In spring, the situation is similar, though the temperature is not as low as it was in the winter.

Energy Performance Evaluation
[Project Number] Climate and Site Analysis

001 New Thermal Block 'C

o /Exlarnal temperatura
Min: 7.70, Max; 12.50, Avg: 9.56

20 / Internal result temperature
Min: 7.72, Max: 12.43, Avg: 9.58

v/\ + 10 intemal tamparatura range

T G
0 2 4 6 8 10 12 14 16 1B 20 22 24 [Hrs)

Scroll down to see the temperature diagrams in the summer. The external temperature values in

the summer are within the requirements defined in the Operation Profile.
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Finally the external temperature is below the requirements in the fall.

Energy Performance Evaluation
[Project Number] Climate and Site Analysis

001 New Thermal Block c

30 / External temperature
Min: 7.70. Max; 12.50, Avg: 9.58

20/ Intemal result tamperature
Min: 7.72, Max: 12.43, Avg: 9.58

t’//\ — 10 M intemal temparature range

0
2 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]

001 New Thermal Block ’C

k1] / External temparatura
Min: 14.70, Max: 25.00, Avg: 19.81

20 / Internal resull tamperatura
Min: 14.66, Max: 24 93, Avg: 19.80

=+ 10 N internal temperature range

— I 0
1] 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs)
001 New Thermal Block { November 1 'C

0 / Extemnal temperature
Min: 6.60, Max: 9.40, Avg: 7.60

20 / Internal rasult tamparature
Min: 6.65, Max: 9,40, Avg: 7.62

. }Tr? 10 B Internal temparature range

0
16 18 20 22 24 [Hrs)

A

0 2 4 6 8 10 12

Save this energy evaluation report as a PDF document to your computer.
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Save the calculation output, plus the parts of the calculation input relevant for the climate
analysis, as an Excel spreadsheet.

EcoDesigner® — Evaluation Report

001 Now Tharmal Block - August 1 'c
w / Exlemal lemperature

Mir: 14.70, Maw: 25,00, fvg: 19.81
//’_\\ 20/ internal rasuki temparature
\_/ \ Kin: 14,66, Max: 24,93, Avg: 12,80

—+ 10 Intemal tamparature rarge

¢
L 2 4 1 3 17 12 14 16 18 2 22 24 [Hrs]
001 New Thermal Block - Novembar 1

i ! Extamal lemparanme
Mir: €60, Max: £.40, Avee 7.60

n f Intamal rasul tRMpARA e
Mir: €65, Max: 9,40, Avge 7.62

";____"‘-“__‘__ w0 mternal tamparature range

0 2 4 L} 2 13 12 14 & 18 20 22 24 [Hrs]

| Close |[[ SaveasPDE... e

Save as XLS X
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From the Report Options dialog, select the report pages (chapters) we wish to include in the XLS
documentation:

* Project Key Values

* Climate Data

* Thermal Block - key values

* Thermal Block - hourly results

0.6 Report Options a
Select spreadsheet(s) to report: 1 = Size Kind
M Project - key Values 133 KB Adobe...ument
M Climate Data 3KB Archi__cument
O Praject Results - Manthly 1.5 MB Archi...Project
O Project Results - Weekly 22.4 MB Micro...rkbook
O Project Results - Daily M = Folder
O Froject Results - Hourly M 65 bytes  Simpl.._Format
O Therral Block - Detailed Inputs M 21.9M3  Micro. rkhook
O Thermal Block - Qperation Profile PM 1.6 M8 Avchi_Project
b i e
O Tharmal Black Results - Manthly |-:15 AM 2 MB Aias
O Thermal Rlock Results - Weekly - 27K8 Pariab. i
O Thermal Block Results - Daily & 2RaR.MedE
 Thermal Block Results = Hourky
O Compliance Report
L 2erformance Rating Details
— i

| Close [TI
— |

| Cancel | | Save |

Save the Excel Spreadsheet.
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2.5 Document Climate Statistics

Close the Evaluation Report dialog and look at the results displayed in the Excel Spreadsheet

First displaying the Climate Analysis page of the report. This page extracts and processes data
from the Climate Data page of the report.

NaWa¥e! Chimate Data

. Climate data i3 ready for simulition
|

Download from Strusoft Climate Server

(#) Use ASHRAE MEC, TMY, WTEC2 Nle Bromie...
Climate source NN Debrecen 128820 MIC e

Climate Type: Qimate Zone identifier.
Moist (A) s| SA
Data Typs: *C » View

Aif temperature R L

<
$
&0

Jan. Fed Myr  Age My n [ Avg  Sep O Now, D¢

T Maxdmum: 3270 N Average: 10,19 J Maimum: -21.50

The Climate Data page essentially contains the climate data file used for the simulation, in Excel

spreadsheet format. It lists temperature, relative humidity, solar radiation, wind speed and wind
orientation as hourly values for the entire year.
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The Climate Analysis page of the report displays the weather statistics, including the lowest,

highest and average temperature data, on a monthly basis. The Annual Statistics column displays

the annual extreme temperature values plus the annual mean temperature data.

Al B Gl D E | _F G [ R e [ e oy o [ R |
Cliamte data source HUN_Debrecen. 128820_WEC. epw
Location DEBRECEN, 47 4E" N, 21.63° E
Annual Statistics Monthly Statistics
Date Time Jan Feb Mar Apr May
Dry buls temperature [*C]  Lowest r 22 :E{I.: 127 314 a3 .22 3 2 I
Highest r 23 LY 15" E] 13 15 2 27
Average " w NA Na " 1 0 6 1 15
Lowest monthly ar Jan MNA NA NA MA NA NA
Highest monthly 2"l NA NA NA NA NA NA
Helative humidity [%] Lowest r w" aya’ 13" a7 a1 5 a3 a1
Highest AT 14 wnr 227 100 a5 93 100 95
Average oo NA A" 32 80 74 65 71
Lowest monthly 65" Apr MA NA NA MA NA NA
Highest monthly 22" Jan NA NA NA NA NA NA
solar radiation [Wh/m2]  Lowest r of Al 14 1] il ] o i
Highest F ee" 23557 127 344 550 633 832 916
Average oo NA na’ A 79 120 176 229
per Day [Wh/m2,day] 3418 NA NA NA NA NA NA NA
Lowest monthly EE N Cec NA NA NA NA NA NA
Highest monthly 2567 Jul NA NA NA NA NA NA
Lowest monthly, per day [Wh/m2,day] BO2 Dec MA NA MA MA NA MA
Highest monthly, per day [Wh/m2,day] 6142 Jul NA NA NA NA NA NA
wind speed [m/s] Lowest r of Al 2] 0 0 0 0 0
Highest r [ U714 107 10 8 14 13 E]
Average r 3 NA Na " 2 2 4 4 3
Lowest monthly k14 Jul MA NA MA MA NA MA
Highest monthly d Agr NA NA NA NA NA NA
Heating degree days [*day] 4748 NA NA NA NA NA NA NA
Cooling degree days [*day] 1181 MA NA NA NA NA NA NA

1

l-..||.1| iC 1__;_';_-[ Project Key Valua:‘{ Climate data | [Climate Analysis |, Detailed Results - Hourly .l Thermal Block - Key Values A +]

The Relative humidity and Wind speed data are also displayed on this page, while the Solar
Irradiation-related statistics are even more detailed. These values are important for the design
passive (e.g. external fenestration, solariums, double-skin facades etc.) and active (e.g. solar
thermal collectors and photovoltaics) solar systems.

of

The bottom of the report displays the annual heating and cooling degree days. These are directly

proportional to the heating and cooling requirements.
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Here are some Climate Analysis examples from different parts of the world. The table on the
right compares climate values in Italy and in New Zealand. The diagram on the left compares
climate values between Denmark and France. Different climates typically require different
sustainable design concepts and solutions.

Climate Analysis Examples

Taastrup, Denmark 55.65N 12.3E Wellington, New Zealand 41298 174.77E
La Réunion, France 21.11S 5553E Rome, Italy 4190N 1250E
Denmark Ta Réunion Ciy Wallingion [ Fomo
Lowesl temperature 2°C -4°C
T |HR T HR Highest ¢ 7
Jan 1 25 26 665 Annual average 13°C 16°C
EI‘.I'IETBII.I.IT
Feb 0 A 27 ] Lowest monthly mean | 61% 73%
Mar 2 70 25 515 relative humidity
Apr [3 90 25 535 Highest monthly mean | 80% 81%
relative humidity
May |11 |1IO 23 |48 Lowest monthly mean | 2127 1759
Jun 14 116 21 445 daily total direct Whi(m’day) | Whi{m'day)
normal radiati
Jul 16 [111 21 427 Highest monthly mean | 6358 5784
Aug 17 1086 21 516 daily total direct Wh/(m’day) | Whim’day)
Sep 12 76 21 609 mﬂﬂw‘ﬂ l'ddiilj"'lda“ s S
average daily 3
Oct 9 34 22 578 total direct normal Whitm’day) | Whim®day)
Nov 5 28 24 613 diati
Dec 1 20 75 672 Annual average wind | 7 m/s 39m/s
velocity
Average monthly temperature [C" ](T) and Healing degree day 1718 1475
herizontal radiation [Wim?] for the cities (18°C)

37 BIM

GRAPHISOFT.

Depending on the purpose of the building energy design documentation and on the location of the
project, the necessary content of the climate analysis may vary. The report created with
EcoDesigner STAR includes all climate data of both the external and internal environments, so you
only need to filter and format the results to customize it to fit your specific documentation needs.
The Project Key Values chapter displays the Unmet Heating and Unmet Cooling Load Hours.

T = o - T T o 7 = T A 5

HUN_Dé brgean, L8520 WEC eaw

File name:
| KEY VALUES
Grods Fleor Avga 1834 m
Treated Flogs Avad: ag m!
Euturrigl Envslope Ay 12360 '
Ventilated Volee: 12960 m'
Glazimp At [
Mir Leskage: 3433 AlH
Duter Hear Capatity: 4401 e’
U-VALUES
Building Shel fverage:  '4.57 v
Maors 15.00-15.00 VefmT
Ewngrnals 4.40-4.34 wImE
Underground: < W
Dl g WM
DEHEN LUADS
Huating o000 kwh/m'a
Conding a0 EWhm's

unmel Boablng Hours:
Lnme: Cooling Heurs:

ADVISORY MESSAGES
Warning

SPECIFIC ANNJAL DEMAND
WL HOENAR Enery
tet Cooding Energy:
Total Net Encogw:
En@fy Comiumatin:
Fued Comsumpiian.
Primaiy Energy:

e et
002 Emissinn:

Baseling Building Warring:

doid )k
. 00,L
Hame

Kone

000 kvinim'a

oo s

T00 kWh/mfa
© em/m'a
0 kvh/m's
O kWhImfa
0 EURAm
LT

T R [ Project key Values |, Climate data ] Ciimate Analysis | Climate Analysis (2) | Detailed Results - Monthly
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These values can be referenced and displayed on a customized Climate Analysis page. Here these
values are shown in red.

A B | | D [ E | F - H [ 1 [ 1 ]
Cliamte data source HUK_Debrecen LZ2ERZ0_IWEC epu
Location NFRAECEW, 47458 N, 71,63 F
Annual Statistics Monthly Statistics
Date Time Jan Feb mar
Dry bulb temperature ['C]  Lowest 5 v yz' [ 13 2z 3
Highest ¥ ECR- T A 6" ] 13 15
Average % 1)) NA na” -1 0 2
Lawest manthly ar Ien MNA NA NA NA&
Highest manthly a" NA NA NA NA
Relative humidity [3%] Lowest r " 3’ 147 47 1 2
Highest F o0’ wnr 2al 100 a9 ag
Average r 77 NA nNa” 92 a0 ™
Lowest monthly 65" Apr NA NA 1Y NA
Highest monthly 2"  In NA NA N& NA.
solar radlation [Whim2]  Lowest r ef 11l i 0 0 o
Highest Fooae" ms" 1F 344 550 £33
Average FoMz NA nA" 41 79 120
per Day [Whim2,day] 3418 A MNA NA, A NA
Lawest monthly 33" Dec NA M NA A
Highest monthly 56"l MA NA NA NA
Lowest monthly, per day [Wh/fm2.day| a0z Det MA NA NA MA
Highest manthly, per day [Wh/mz,day] bl42 Jul NA NA NA N&,
Wind speed [m/] Lowest F o o’ F1d a o o
Highest F 147 zmAa’ " 10 B 14
Average o 3 A na” H 2 4
Lowest monthly 2F Jul NA NA NA NA
Highest monthly e’ apr NA NA Na NA,
Heating degree days [*day] AT4E A MA LT A MA
Cooling degrea days [*day| 1181 A NA NA A N&,
fercentage of unmet |oad hours in a e ar
Unmat Heating Hours: 3573 41
Unmet Coaling Hours: 265 3 |:‘|_|

lemml_ =~ = " | Project Rey Values  Climate data [ Climate Analysis [ Clmate Analysis [2) | Detailed Resulis - Monthly

These values indicate the number of hours in a year the temperature is outside of the comfort
zone. The percentage of unmet load hours in a year is also displayed. In this case, 41% of the year
the external climate is too cold and in 3% of the year it is too hot - based on the requirements
defined in the Operation Profile. Clearly, more effort is needed to ensure appropriate heating for
the building. In other words, the design must be optimized for a cold, “heating-dominated”
climate.

You can also display the colored, graphic charts to illustrate the numeric values, representing the
monthly statistics.

EcoDesigner STAR User Manual 211



ANNEX 2: EcoDesigner STAR Sample Workflow

Another way to put the Climate Analysis report’s numbers in perspective is to compare the
calculated annual average values with the global minimum and maximum annual mean
values. This very simple comparative table can be created in seconds.

A B E Gl D ] A [ T P [ | Y e L M|
Cliamta data source HUN_Dabrecen. 128810 IWEC. epw
Lacation DEBRECEN, 47.48"N, 21 63°E
Annual Statistics Monthly Statistics
Date Time lan Feb Mar Apr May Jun
Dry bulb temperature [*C]  Lowest L A 6" 13 -22 3 -2 4 8
Highest LAyt 16 9 13 15 2 27 3L
Average |/ 10 NA NAT -4 0 [ 1 15 19
Lowest monthly A’  an nNa NA NA nNA [T NA NA
Highest manthly aur Jul NA NA NA A NA NA
Relative humidity [%] Lowest i " 33" 1a” a7 31 5 13 31 42
Highest o oint a" g 93 10 B 96
Average & 7 NA na¥ 32 ED 74 a5 71 69
Lowaest monthly 65" Apr NA NA NA NA NA NA NA
Highest manthly 227 lon nA NA NA NA NA NA NA
Solar radiation (Wh/m2]  Lowest |4 af inf 17 ] [i} ] o a a
Highest ¥ a6”  z3s” 127 34 550 633 B3z 816 912
Average LT NA na" a1 79 120 176 229 52
oer Day [Whm2,day) 3418 A na A NA NA A NA NA
Lowest monthly 3" Dec nNA NA NA nNA nA MA NA
Highest manthly 256" Jul NA NA NA NA HA NA NA
Lowest monthly, per cay [Wh/m2,day] 802 Dec na N& NA NA na NA NA
Highest manthly, per day [Wh/m2,day] 51482 Jul A NA NA NA NA NA NA
Wind speed [m/s) Lowest i a”  anf ar [1} L] o a a
Highest r " a7E’ 14 10 ] 14 13 E] 7
Average ¥ 3 NA . 2 2 4 4 3 2
Lowest monthly ¥ wl na 7 NA NA tia NA NA
Highest manthiy 47 apr nNa NA NA NA A NA MA
Heating degree days [“day] 4748 NA A NA NA NA NA NA NA
Cooling degree days (*day) 1181 NA NA NA NA NA HA NA NA
Fercentage of total hours in a year Annuzl Average min calc. max
Unmet Heating Hours: 3573 41 Temperature 30 10 35
Unmet Cooling Hours: 285 3 Relative humidity 2 7 38
Solar potential 1100 3418 6800
Wind pelentia 3 3 g

This example displays the mean temperature, average relative humidity, and the solar and wind
potential values. The average temperature and relative humidity values represent the global
average, while the solar potential is slightly below the global average values, and the wind
potential is — unfortunately - close to the global minimum value.

Consider the colored climate diagrams below the numeric tables.

[&] (3 (< (] E ]
it rmparitute T

Y T T N [ R [P [ ) [ N | 9 | ¢ | g 1 &1 %

T v 1270 o Awerage 304% o w2150

T Masmum 9160 B Avange 14240 oI im0

alative humidiny B L
Wind sgeed : HEEte

T Masimum: 1000 o avarage 7140 o Ml %0
T Masimem 140 N herage 163 o Mesmun: 0.0
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The greatest solar potential is available during the summer months. Since we do not need much
heating during the summer in this climate, we can best utilize the heat energy of solar radiation
via solar thermal collectors, to generate service hot water. We can also use photovoltaic panels in
the summer to generate electricity.

But the most intense wind is typically during the spring, rather than in the summer, when the wind
would help us optimize the on-site electric power generation, if our goal for this project was net
zero energy building design.

Look at the calculation results displayed in the PDF Energy Evaluation Report document
created earlier.

The first chapter displays some Project Key Values of the project. The infiltration value is high,
while the outer heat capacity is low, as defined prior to the simulation.

Energy Performance Evaluation
[Project Number] Climate and Site Analysis

Key Values

General Project Data Heat Transfer Coefficients U value [Wim2K]
Project Name: Climate and Site Analysis Building Shell Average 4.80
City Location: Floors: 18.00 -18.00
Climate Data Source: HUN_Debre...0_IWEC.epw External: 4.61 - 511
Evaluation Date: Nov 20, 2013 5:47:52 FM  Underground: -
Openings: -
Building Geometry Data
Gross Floor Area: 48.28 m? Met Heating Energy: 0.00 kWhim?a
Treated Floor Area: 48.00 m? Net Cooling Energy: 0.00 kWh/m?a
External Envelope Area: 123.60 m# Total Net Energy: 0.00 kWh/m*a
Ventilated Volume: 129.60 m? Energy Consumption: 0.00 kWh/m?a
Glazing Ratio: 0 % Fuel Consumption: 0.00 kWh/m?a
Primary Energy: 0.00 kKWh/m*a
Building Shell Performance Data Fuel Cost: - EUR/m?a
Infiltration at S0Pa: 343.33 ACH CO; Emission: 0.00 kgim’a
Quter Heat Capacity: 60.32 JIm?K

Scroll down to the Thermal Block Key Values.

Note that the internal and external temperature data are very similar (which was our intention
with the Climate Analysis). This chapter of the report displays the Unmet Load Hours for
Heating and Cooling.

001 New Thermal Block - Key Values

Geometry Data Heat Transfer Coefficients U value Wim?K]
Gross Floor Area: 48,28 m? Floors: 18,00 - 18,00
Treated Floor Area: 48,00 m? External 4.61 - 5.11
Building Shell Area: 123.60 m?* Underground: -
Ventilated Volume: 129.60 m? Openings:
Glazing Ratio: 0 %
Annual Energy
Internal Temperature I Heating: 0.00 kWh
Min. (06:00 Feb. 01): -21.19 °C Cooling: 0.00 kWh
Annual Mean: 10.20 ]
Max. (16:00 Jul. 09): 32.64 c Peak
Heating (01:00 Jan. 01): 0.00 kW
Degree Days Cooling (01:00 Jan. 01): 0.00 kW
Heating (HDD): 4748
Cooling (CDD): 1181 Unmet Load Hours
Heating: 4760 hrs/a
Cooling: 309 hrs/a

EcoDesigner STAR User Manual 213



ANNEX 2: EcoDesigner STAR Sample Workflow

The Unmet Load Hours can also be seen in the Daily Temperature Profile diagrams for the
typical days of the different seasons.

On February 1, for example, we have 17 unmet load hours (the period between 6 AM and 11 PM).

Daily Temperature Profile

001 New Thermal Block -|February 1 X C -
30 / External temperature

Min: -21.50, Max: -5.40, Avg; -13.44

|

|

!— — s 10 Z Internal result temperature

| Min: -21.19, Max: -5.69, Avg: -13.31

K/\ 10 I Internal temperature range

S e S e s e e ey e e e ey e ey S S S B e e e el 11
0 2 4 6 8 10 12 14 16 18 20 22 24 [Hrs]

In spring, the temperature is warmer than in February - around 10 Celsius centigrade opposed to
the approx. -10 degrees measured in the winter. Still, the same amount of unmet loads hours are
present, since the temperature is below the acceptable minimum value in both cases.

G
30 /_’ External temperature
Min: 7.70, Max: 12.50, Avg: 9.58

001 New Thermal Block - May 1

20/ Intemal result temperature
Min: 7.72, Max: 12.43, Avg: 9.58

B i, s — 10 I Internal temperature range

I I s B B S S B S B B B I H N S By
0 2 4 & 8 10 12 14 16 18 20 22 24 [Hrs]

In summer, the climate is close to the comfort range, while in the fall it is getting too cold again.
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3. Building Energy Model Calibration

This chapter presents how to validate your building energy model (or BEM for short).

EcoDesigner STAR complies with the ASHRAE 140 “Standard Method of Test for the Evaluation
of Building Energy Analysis Computer Programs”, used for validating energy simulation
software. Compliance with this standard ensures that EcoDesigner STAR can perform complex
dynamic building energy analyses successfully, with results that are accurate enough for energy
performance rating according to LEED, GreenStar and other building standards.

Generation of an accurate building energy report requires a standard compliant software such as
EcoDesigner STAR. However, a standard-compliant software alone cannot guarantee that your
results will also be accurate. The accuracy of the reports depends on the quality of the input data
you provide when creating the model. Therefore, to make sure that your energy-related design
input and output is correct, you must calibrate each BEM carefully, using reliable reference data.

By calibrating your building model you will ensure that your Building Energy Model is correctly
configured and all generated reports are accurate.

3.1 BEM Validation Types

There are two types of Building Energy Model calibrations.

The first is used to validate the software application that runs building energy simulation. This
software validation is typically carried out by the software developer. Its results are usually
displayed on the developer’s website. For instance, GRAPHISOFT EcoDesigner STAR is
compliant with the ASHRAE 140 simulation standards.

The second calibration type is design model validation. For accurate energy evaluation, you
must provide appropriate and precise input. To make sure that all the energy-related
characteristics of the zones, structures and openings, and Operation Profiles are correctly set and
modeled, it is worth performing the model calibration for every BEM. This can be done using a
reference model with known energy performance.

Software validation typically consists of numerous building energy models (cases), each of which
is simulated using the tested software. The calculation results for each case are then compared
with benchmark values (which are part of the standard). The standardized cases cover a vast range
of energy modeling scenarios. If every case is valid, then Building Energy Simulation Standard
Compliance is achieved.

This chapter presents a building energy model from the ASHRAE 140 standard. It demonstrates a
workflow that can be used to calibrate all other design models. This standardized “case” can be
used for two purposes:

* To demonstrate the design model validation workflow in general

* To illustrate the explanation regarding the ASHRAE 140 compliance testing of the
EcoDesigner STAR software.
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3.2 Obtain Reference Building’s Documentation

The first step of calibration is to obtain the reference building data. The reference building should
be similar to the one you design.

If you do not have a suitable reference building in your archives, then rely on the energy
performance documentation of buildings similar in size and operation to the one you are about to
design.

For example, the NREL Reference Building Models energy data, published by the United States
National Renewable Energy Laboratory (NREL), is a vast database of building energy
performance information. It contains statistical energy consumption data of many building types
built at different locations. The data is grouped according to climate, building construction, size
and operation profile (such as residential, office, or retail).

Another source of reference buildings: a model from a building energy simulation standard. In
this chapter, we will use one of the ASHRAE 140 standard building models to show you how to
calibrate a building energy model, and to demonstrate that EcoDesigner STAR complies with the
ASHRAE 140 standard. ASHRAE 140 is referenced by all significant green building rating
standards, including LEED, GreenStar, BREEAM, CASBEE, DGNB and Section J of the
Building Code of Australia.

The ASHRAE 140 standard documentation contains over 100 various cases: architectural tests
called building envelope tests and building systems tests for various heating, cooling and
ventilation system setups. If a computer application can correctly simulate all ASHRAE 140 test
cases and provide appropriate results, then these simulation results are approved as a basis for
building energy performance rating as prescribed by LEED, BREEAM, GreenStar and others.

ANSVASHRAE Standard 140-2007
(Supersedes ANSUASHRAE Standard 140-2004)
Inciudes ANSUASHRAE addenda listed in Annex C

ASHRAE STANDARD

Standard Method of Test
for the Evaluation of
Building Energy Analysis
Computer Programs

Swe Ao C A7 approvs Guies by P ASHRAL Sancera Cormilies. P ASHRAL Boaes of Drecion, and e
Anercar Nafordl Saraes rate

Th stardard B unde coniruous maeierarcs by & Sandng Sardard Proect Cormites (S50 o et e
Gy (omeiies he stsbinte) 3 StUrerisd g |0 wQs Dubiedior of adderds O wdscre.
Inciudng procedus b Bmely documeried cormenmus aclon on reQuesls &7 Change 15 @yt of T e
dard T charge mbmi o, retruciors. and deadires may be obiared i slectonic b bor e ASHRAL
o wie. M P s o) O B g o B P Marager of Sarderm The e eior of an LSHEUE
S g be T YOR ASHEAL Cusfiorer Senice. T7H) Tullle Croe. NL Mgt G4 XU 2N [
mal oramn @i oy P 60450 A0 Temprore 404 6365800 [ eodceiden, oo 1ol bee RGO
o yane Oed Carata

SLapygt X7 ADPAL Fe
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In this example, we’ll present one of the envelope tests of the ASHRAE 140 standard. This will

be the so called Sunspace Test, and its case number is 960.

L NsNs]

T 120 2007 FINAL pef

FEDEaE ®E[n |iw|=®(us -] BE |2 |

miass basic series. Once an accurate input description for Case
900 Las been developed, e renining bigh msss enses shall
be input by moditying each corresponding 600-series case as
indicatad caze by case below | lowsvar, Case 960 (FINspace)
draws from both Case GO0 and S00.

52221 Casze 900: High Wass Base Building. Caze
900 15 exactly the sune s Case 600 excepl for chianzes noled
in the enbszctions helome:

5220211 Material Propertles. The exterior walls
and floor are more massive. The materials specifications of
‘lablz 11 raplace the materials specificarions of ‘Takle 1 (see
Section 5.2.1.4) for this case. Note the roof matzrials do not
chanze for anv of the 90{-series cases.

5.2.2.21.2  Outpur Requirements
a. All pen-free-floal euse oulpul i seeordanee with

Sectwomn 6.1.1
L Additivual culpul specilicd for Case 200 o Seetion 6.2

Tools
walls and tloor are more massive. The materials specitications
of lable 11 replace the materials specifications of lable 1 for
s ense.
52227 |[Caze %60: ﬂ-m'pa[ra The sungpace consists
ol two zones (back cone aud sun cone) separaled by o cow-
mon wall (Figure G}, The back zone is of lighteeight con-
strue om, and (he sun zone 15 of heayvywelghl conslruclion.,
5.2.22.7.1 Back Zove. The geowelrie and thermal
properties of the back rone are exactly the wame as for Case
600 excepl hat the south wall and wmdows sre replaced
with the commen wall. Tnfiltration in the hack zone
0.5 ach. (1f the program being rested docs not vse baromerrie

ke E—bu

Sign Comment

522221 <Casc 2L0: High Mass South Shading, Case
971045 exactly the same as (Case 610 except for chanzes noted e 5
m b subscetions below
5.22.2.21 Materinl Properties.  Ses Secrion
1L g
322222 Output Requirements. All non-free-
flaar ease onrpar in accordance with Section 6.1.1.

nsnT ¥

522

Let’s have a quick look at the description of this particular case. The standard defines the detailed
geometry of the building model on which the test must be run. Below, all the corresponding
material properties are also listed in tables.

05mT i
A N
Back-zone 3
Bm
: 2m
Pian m I{——
0.7cm=1m
Sun ﬂ* =
200€
05m T Y
Fa)
wlg
v:(ﬁ':x
".}\0"“*\‘ Section
S 14cm=1m
02m] ™~ 2 A
S Back-zone
Sun-zcne 27m
&m _—
05 '[ Zm o | C o
5m [
S Y

Figure 6 Sunspace plan and section (Case 960).
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In case of the Sunspace Test, two thermal blocks must be considered: a “Sun-Zone” with a
window, and a “Back-Zone” behind it. The parameters defined in the ASHRAE 140 standard
must be input into the software application precisely. After the energy simulation is run, its results
must match the results defined in the standard.

In case of the Sunspace Test, the following calculation results must be presented:
+ total annual cooling and heating energy for the Back-Zone

* heating and cooling peak-loads for the Back-Zone

*  minimum, maximum and annual mean temperatures in the Sun-Zone

The Back-Zone is a so called “conditioned” space and the Sun-Zone is an “unconditioned” space.
(See below.)

After the building energy simulation is complete, the relevant results must be entered into a
standard result spreadsheet. Each row represents a test case, defined by a 3-digit number. Here
we present Case 960.

This chart, for example, is used to validate the annual heating loads.

61 |ANNUAL | {EATING LOADS

ESR BLAST DOEZ SRESEUN SEFRIRES  S3PAS  TANSYS TASE YOUR SUMMAHY

UK-DMU ST USA USA UK-BRE SPAIN BEL/UK  FINLAND DATA MIN WA

54 |CASE Mdh Wh#fh MWh MWn MWwh MWh MW WA W WWh Wi
65 M)B0D 4.206 4773 £.T0Q £.29§ 5596 4832 4672 5.562 4.206 5.700
w10 4.355 4.806 578G 5.280 5.520 4,971 4.970 5.383 4,355 5.786
7 %20 4613 5.048 £.944 5.554 5.734 5.564 5073 5.728 461G 5.544
33 5.050 5.958 E.460 5.883 6.001 8.005 5624 5.050 B.489
540 2781 2868 3.543 3.255 3,303 3.065 3043 3,509 2751 3.803
50 0.000 0.000 €.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
71 100 1170 1.610 1.872 1.807 1.988 1.730 1,655 2.041 1.170 2.041
o 1575 1.B8Z 2.754 2174 2.282 2083 287 2220 1578 2282
™20 3313 a5z 4.255 4,093 4,258 4.235 3778 4.500 3318 4.300
man 4143 4347 £.335 4.755 4.728 5.158 4,740 4,143 5.335
. 0793 1.021 1.239 1231 141 1179 1.080 1323 0.793 1411
= 0.000 0.000 €.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
"] 2un AL ] A =) 32 - %< 4 N -] P 5k R his]
[X[:7] =T ) 4187
200 5282 5282 5252

The standard table contains the calculation results of other software applications for reference.
The last two columns contain the minimum and maximum values as calculated by the other
reference software. To achieve standard compliance, the results of the tested software application
must be within this range. There are further tables for annual cooling loads, peak heating and
cooling, and so on. All relevant result data for each test case must be processed using the
validation method described above.
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3.3 Create Building with EcoDesigner STAR

The following shows the building model of “Case 960 of the “ASHRAE 140”standard in
ArchiCAD. This simple building model contains only two thermal blocks: the “Sun-Zone” (a
heavy weight construction) and the “Back-Zone” (a lightweight structure).

#  ArchiCAD File Edit View Design Document Options

k Window Test Help St o B &5 Mo |

O3S 2 & 8o o @] AA L] B i f»ﬂ_é_ﬂv'_i - -0 oo ||
. Toslbox [ T L
Sea |1, O, R
|l @ann Case060_demo 02 30,/ All Mooy - Yew Map
©3 Marquee | Ve [E @ e
.S * @y Case60_camn 02
iy wall Jpseh
_._DW" [ fioor Flans
[a2. stery
B Window [l Story
§ Column [0 Ground Foe
2 Bam [a-1. Story
3 Slab v [ Ceiling Plans
= Dz story
&5 Stair DL Story
& root [0, Ground Flos
T Shall -1, ey
E'Shfliqln '@E:;c:r:l Plans
 Stary
o e Bat story
:i} Morph [0, Ground Floc
B object -1 Seory
S i
£ Mesh ¥ [ Devations
¥ Documant {5 East Elevation
= Dime . o, .
g BiElaialx
A Text s
S l5-01] Buisding Section
z o o e
/ Une miL:100__
O Arc/. w03 I«-I:nn Plans
. = - i - 2t
BTN o VEciletiE VNI AE ST e ==

The Energy Model Review palette helps to visualize the 3D geometry as well as all the energy-

related characteristics of the building.

* The Thermal Blocks page of the palette presents the zoning of the energy model.
» The Structures page lists all the opaque structural elements with their relevant properties.
» The Openings page presents the energy-related characteristics of the fenestration.

.+ I __Encray Model Review - Thormal Blocks
Ll M= -
- _ [ Structures [ Openings |

» (02 BackZone
b caL %nlone

&[@x
w Thermal Biock Properties
B ooz [Backzone | W Askmac '
Supply Building Systems
System Type System MName :“i
2 ) Heating New Building Systeml =
+ J% Coaling Mow Ruilding System2 i*
|

: @ ventilation New Building System3

Start Energy Simulation -
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Let’s have a closer look at the specifications of the “Back-Zone”, as defined by the ASHRAE 140
standard. Here you can see the geometry of the zone, while the following page describes the
various structures’ thermal properties. The names of the individual skins of the composite
structural elements with their thickness, thermal conductivity, heat capacity and density are all
precisely defined in the standard.

TABLE 11 Material Specification Heavyweight Case

Flement k., W/(m'K) Thickness, m U, W/m*K) R m’K'W  Density, kg/m’  C,, Ji(kg'K)
Heavyweight Case: Exterior Wall (inside to outside)
Int Surf Coef 8.290 0.121
Conerete Block 0.510 0.100 5.100 0.196 1400 1000
Foam Insulation 0.040 0.0615 0.651 1.537 10 1400
Wood Siding 0.140 0.009 * 15.556 0.064 530 200
Ext Surf Coef 20,300 0.034
Total air—air 0.512 1.952
Total air—surt 0.556 1.797
Heavyweight Case: Floor (inside to oulside)
Int Surf Coef?® 8.290 0.121
Conerete Slab 1.130 0.080 14.125 0.071 1400 1000
Insulation 0.040 1.007 0.040 25.175 (sceNoteb)  (see Note b)
Total air—air 0.039 25.366
Total air—surf 0.040 15.246

Here you can see the Structures list of the Energy Review Palette. It lists all composites used in
this test case with the relevant properties of their skins.

Energy Model Review = Structures Jemon

fote __ ==l |

avi) U-value Calculatar

Type T Ovientation €. Thtrrvui_J Assign physical properties to each composite skin

Y Shell  Upward D 002 Backs |Skin Name Thickness Thermal conductivity |- Density fkg/m’] Heat capacity [J/kgk]
<Bsab  Shabongeade ] 002 Q.ld:l L s 0.1600 950.00 i
<Asab  Siabongrade [ 002 sack [T Triberglass 359 [ 0.0400 12,00 820.00
Asab  Upward 0 3 [ Jwood 359672764 8 0.1400 530.00 o

B0 1 Su
ASab  Slab on grade 01 Su:;
«3S5ab  Slabon grade [ <001 Sunﬂ
By Wall  Inner (0015 D 002 kd;';

Imml- inner (002 8. [ | 001 Su

@ Wall  North 002 Backj
i Wall  West 002
| g Wal  East B o0z ea
& W South 001 SUfZ External heat transfer coefficient: 29,30 W/m'K
| g walt  w o ; U-value: .
G i O015URR Internal heat transfer cosfficient: 829 W/m'K
iy wall  East B o0l sun2 0.51 WimiK
Thermal bridge effect: 0.00 @ WmK

Cancel | [ oK |

For example, the thickness, thermal conductivity, heat capacity and density of the skins of this
external wall exactly match the values defined by the ASHRAE 140 standard.
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The openings’ characteristics are also precisely described in the standard. Switch to the
Openings page to see all the input parameters used to describe the fenestration in test case 960.
We can use the Openings page to scroll, rearrange, filter and sort all the relevant properties.

Energy Model Review = Openmngs
ED = =@
By Thermal Blocks ¥ Structures m
Type Oricnzation | Thenmal Block Opaque Area [m°] Glazed Area [m*] Total area [m'] TST% C5TH Solar Analysis Perimeter [mm] Opague U-value (Wi b
B Window  Ssuth 001 SunZane 0.00 E.00 6.00 7E.10 .00 o Done L0000 0.00 |
E Window South 001 SunZone Q.00 .00 G.00 76.10 7i.00 o Done 10000 0.0

Look at the infiltration rate prescribed in the ASHRAE 140 standard. The “Air Change per
Hour” is defined as =0.5, a constant value, for both thermal blocks.

TABLE 2 Infiltration Rates Depending on
the Presence of Automatic Altitude Adjustment

: Input Air
A.ltltude Changes  Adjustment
Adjustment
Aloorithm per Hour Factor
g (ach)
Programs with automatic altitude
adjustment; set altitude to lo.s 1.0
1609 m above sea level
Programs with fixed assumption
that site is at sea level 0.41 0.822?

(no automatic adjustment)

*(Specified Rate) x 0.822 = (altitude adjusted rate)

EcoDesigner STAR User Manual 221



ANNEX 2: EcoDesigner STAR Sample Workflow

In EcoDesigner STAR, however, the infiltration model is pressure-driven. In other words: it is not
constant. To model constant infiltration with EcoDesigner STAR, we must define it as natural
ventilation. We’ve set a “natural air flow” at a steady 0.5 ACH rate for the entire year. This way
we fully meet the simplified (constant) infiltration modeling requirements of case 960 of the

ASHRAE 140 standard.

T v 3 f = View Map
—— ] = T
@b o == e 5G|
. el
FETFESEIEIE o« crevrrinne TR Ananinae 0_demo 02
D Hame . , j{ .
\ | Basic view * | Pians
002 BackZane Story
001 SunZone
o Story
v I
Name Ventilation System Settings —
New Building System? _ ‘=
% = : HaMaNs) Operation Schedule
#i? New Building System)
@ New Building System ‘Supply [ACH) Exhaust [ACH] Time Range  Recurrence Date Range In Use [hr] Add
: 0.50 All day Every day All year 8760
L3 Remove
Air flow Air change per hour (ACH) Qut of Operation:
Cancel I Ok {

Now take a closer look at the external and internal surface coefficients’ settings for the
individual structures and for the overall building energy model. Use the U-Value Calculator to
enter the combined surface heat transfer coefticients for the steady state calculation of the

structures’ U-values.

s

Type  ¥Oreatation O Thermal Blogk

Energy Model Review - Structures

By Thermal Blocks m 0¥ Openings |

¥ Nameé
O.0.6

Area [m'] Correction - Area [m] Thickness Imml
U-value Calculator

- View
i [=] o Fl']

r_cciwo [
U-value Wim Kl infiled b |

o Shell  Upward [ 002 BackZon
| <35iab  Slabongrade [
| <3sab  Shabongrade [
| <35lab  Upward
a5k Slabon grade
| «Aslab  Slab on grade
Egwall  Inner (001 5.
Ggwall  inner (002 B

Ggwall  North
| Egwall  wWest

IS NEEEEO

6 Wall  East 002 BackZor
G wall  South 001 sunzn;
& wall  west 0oL s.unzor_p L
Ggwal  Eam 0a1 sunzou;

Assign physical properties to each composite skin:

[Skim Name Thickness Thermal conductivity |... Density [kg/m'] Hear zapacity [/kgk]

(W oo 2 B o bs000 000

LI JFibergiass 35a... &6 0.0400 12.00 840.00

gljjwwd 359672764 8 0.1400 530.00 900,00

|

External heat transfer coefficient: | 29.30  W/m'K 5

k 4 U-value: |

Internal heat transfer coefficient: | 8.26 = W/m'K — i
0.51 Wim*K

Thermal bridge effect: 0.00 | W/mK
Cancel | | OK |
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Then enter the external combined and internal convective surface heat transfer coefficients for the
dynamic energy simulation via the Surface Heat Transfer dialog of the Environment Settings
panel.

Environment Settings

 Location and Climate:

39.75° N, 104.87° W | Proj_ect Location... |

0 Climate source: DRYCOLD.TMY || Climate Data... |

Grade Level: to Project Zero |»
* | Offset Distance 0

' Modeled by Mesh Elements

Surface Heat Transfer k.

Combined radiative and convective surface coefficients.

Internal: 256 w/m’K

External: 29.30 W/m3K

—ox—] ¥

tancel

Horizontal Shading...

] Cancel | oK

Now examine the Operation Profile of the Back-Zone, which is a so called “conditioned space”.

By definition: “A conditioned space is an enclosed space within a building where there is
intentional control of the internal temperature. It is maintained within a temperature range
(defined by limit temperatures), using natural, electrical or mechanical means.”

In layman’s terms, this means that internal temperature requirements for the thermal blocks must
be met with the help of heating and/or cooling systems.

In an “unconditioned space” the internal temperature is not controlled.
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Here you can see how the ASHRAE 140 standard defines the thermostat control strategy (limit
temperatures) for the Back-Zone of Case 960: the heating turns on if the internal temperature
drops below 20 Celsius degrees, and the cooling turns on if the internal temperature rises above
27 Celsius degrees.

5.2.1.13.1 Thermostat Control Strategy. The ther-
mostat 1s nonproportional in the sense that when the condi-
tioned-zone air temperature exceeds the thermostat cooling
setpoint, the heat extraction rate is assumed to equal the max-
imum capacity of the cooling equipment. Likewise. when the
conditioned-zone air temperature drops below the thermostat
heating setpoint, the heat addition rate equals the maximum
capacity of the heating equipment. A proportional thermostat
model can be made to approximate a nonproportional thermo-
stat model by setting a very small throttling range (the mini-
mum allowed by the program being tested).
The thermostat control strategy for Case 600 is:
Heat = ON if temperature <20°§[: otherwise, Heat = OFF.
Cool = ON if temperature >27°C: otherwise, Cool = OFF.

Note: “‘temperature” refers to conditioned-zone air
temperature.

Let’s view the operational profile in EcoDesigner STAR that contains the internal temperature
limits for the Back-Zone. Display the Operational Profiles dialog, and select the “ASHRAE”
profile from the list. Open the “Daily Profile Editor”.
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The upper diagram defines the maximum and minimum temperatures (beyond which heating or
cooling must be used) for every hour of the day. The daily profiles defined with this editor must
be assigned to the days of the reference year.

Dperation Profiles
Available Operation Profiles
ASHRAE | New... |
ASHRAE sun zone | Daily Profile Editor
Auxilliary spaces (non racsident al)
Booking hall New Daily Schedule 1 New...
Canteen | 5
| Rename...
Croupancy Data e ———— S —|
H Delete
Cccupancy tvpe: Hurnan =
| Residential 3 Service hot-wa |
Humid Edit profile data in the selectad time period
C Internal temperaturs >
MNote: Define "ASHRAE" profile’s daily schedules an 30 2. o
S5 i) | = ™ Maximum: 27 (5]
Daily Schecules Recurrenca | i = e
= | New Daily Schedule F!Evenf Day :) 0 ¥ Minimum: 50 |:| se
. k
Q
h
L:"'"“a Internal heat gain
Add || Remove | 4 B (| ocapancy count:
3 5
1 L m? per capila
2
} B i uighting: None
0 ) ' "
: I E i' ; Power: - Wim?
Mo [nh Pl2a |Zh Bl2a [[Jn I Fequipment: 4.17 (] wyme

Now review the constant internal heat gain requirement prescribed by the ASHRAE 140
standard for test case number 960 as “Internally Generated Sensible Heat”. It is defined to be a
continuous 200 W throughout the entire year, 60% of which is radiative, 40% convective and
100% sensible.

5.2.1.7 Internally Generated Sensible Heat. Internal
gains = 200 W, continuously (24 hours per day for the full

year).

Internal gains are 60% radiative. 40% convective. They
are also 100% sensible. 0% latet.

These are mnternally generated sources of heat (from
equipment, lights, people, animals, etc.) that are not related to
heating. ventilating. and air conditioning (HVAC).
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To set these parameters in EcoDesigner STAR, open the Daily Profile Editor again, and view the
lower diagram representing the characteristics of internal heat gain. Check the Equipment option
and enter 4.17 W/m? for every hour of the reference day.

Daily Profile Editor _

[ New..
| Rename...
| Delete

Edit profile data in the selected time period

oC Internal temperature v
- ] | @i o7 O
_j & ™ Minimum: !2{}7 [il s o

Ol [Cn Bf2s |[n Bl2¢ [[In

Internal heat gain

-

. | | Occupancy count:

. m? per capita

B ughting: None
Power: ’— - Wim?
B ¥ cquipment: 417 |EJ W/m?
x s
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Then use the Operation Profiles dialog to assign this daily profile to every day of the calculation
year. [f4.17 W/m? is multiplied with the 48 m? conditioned area, then the result is a steady 200
Watts of internal heat gain throughout the entire reference year, as prescribed by the standard.

000 Operation Profiles

Available Operation Profiles

Y | [ New... ]

ASHRAE sun zone

Rename...
Auxilliary spaces (non residential) | |
Booking hall | Delete |
Canteen : - -

Occupancy Data

Occupancy type: Human heat gain: 0.00 @ W per capita

| Residential 3 Service hot-water load: 0.00  |/day per capita

Humidity Load: 0.00 | !/day

Note: Define "ASHRAE" profile's daily schedules and drag them in the order of precedence.

Daily Schedules Recurrence Date Range In use [hours]
+ New Daily Schedule  » |Every Day j All Year Dsyso

| Add | Remove | Uncovered: 0

| Edit Daily Schedules... |

| Cancel | [ oK ]
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As the last step of setting the input parameters for the internal heat gain calculation, open the
Energy Simulation Options dialog and enter 60% for the “Radiation part of the internal heat gain”
to precisely match the standard prescription.

Energy Simulation Options

Radiation part of the internal heat gain: 60 %
Latent part of the human heat gain: 100 %
Maximum number of iterations steps: 40

Baseline Building:
Select Baseline Building Preference at Start of Simulation

(*) No Baseline Building

External Baseline Building Browse
IE Include all four building orientations (according to ASHRAE 90.1)

Reserve EcoDesigner* license when ArchiCAD starts
Cancel [—OoK-—

Note: The Energy Simulation Options dialog of EcoDesigner STAR is also used to define the
“Latent part of the internal heat gain”. It is set to =0 for Case 960.

Now you must run the building energy simulation, this time in demand calculation mode
(without specifying any building systems). To determine the heating and cooling demands, we
must make EcoDesigner STAR carry out the energy simulation assuming that the heating and
cooling systems are capable of satisfying all requirements with 100% efficiency. The building
system type in EcoDesigner STAR defined for demand calculation is called “Not Yet Specified”.
Not Yet Specified building systems fulfill all heating or cooling demands as they arrive during the
hourly building energy simulation throughout the entire reference year. The calculated hourly
heating and cooling demands are recorded by the program and displayed on the Building Energy
Evaluation reports. Use this demand calculation output to determine building system
characteristics.
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To set up the demand calculation, assign these Not Yet Specified building systems to the thermal

zones. Open the Building Systems dialog.

Note that a heating and a cooling system is already created and added to the Back-Zone.
Define these systems as Not Yet Specified: there is no need to define any additional system
parameters.

006 Energy Evaluation - Building Systems
Basic view »
v 3 z
Name i Heating Settings

4 New Building System1 \5) Not Vet Specified

£ New Building System2

1On Site Equipmeit [ District Heating
@ New Building System3 Boiler or Furnance
Solar Thermal Collector

Water Heat Pump

* Service Hot-Water Heating
¥ Assigned Thermal Blocks

$ 002 BackZone

000 Energy Evaluation - Building Systems
[Basic view v
= " g
T = Cooling Settings

'® New Building System1
New Building System2
%) New Building System3

I () Not Yet Specified
_ Cooling Machine I District Cooling

¥ Assigned Thermal Blocks

¢ 002 BackZone

Note: EcoDesigner STAR is capable of modeling building systems in a very detailed way.
Case 960 of the ASHRAE 140 standard, however, only requires demand calculation.
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Review the characteristics of the Sun-Zone. It has two windows and a common wall with the
Back-Zone. The geometry, material specifications and additional Sun-Zone properties were input

into EcoDesigner STAR in accordance with the ASHRAE 140 standard.

B 1 - Strucrures
[ @& [ & =
Typa  **Orientation  C.. Thermal Block ” Name ~ Area[mf] Carrection - Area [m¥] Thickness [mm] U-value [W/mK|
weShell  Upward [ 00z Backzene B2 ugmweight Roof 0259055706 48.00 0.00 141 & 031
e Slab Slab on grade . 002 BackZone Lig!'lwcl'ghl Floor 0251185779 30.00 000 1028 g 004
s3slab  Slabon grade [J] | 002 BackZone FZEugmweighn Floor 0251185779 18.00 0.00 1028 & 0.04
& Wall Innar (001 5. . 002 BackZone EDASHAR.E CaseDeD coenmon wall 308602... 21.60 0.00 200 g 2.55
ﬁ wall Narth - 002 BackZene UIJMWQHJM Exrerior Wall D232B965658 21.60 0.00 £7 & 051
Gy wall  west B 002 Backzeone [ A ugmweight Extericr Wall 0232856268 16,20 0.00 87 - 051
t Wall [East . 002 BackZone ljy.‘ﬂwr_byl’fl Exterior Wall D232896568 16.20 000 &7 @ 0.51
3 5lah Upward |:| 001 SunZone Hemeith Roof 0251188779 1€. 00 000 141 & .31
5lab on grade J 001 SunZone 55 reavyweight Floor 0251189779 . 1087 0.04 ; J
:J.ﬂah Slab on grade . 091 SunZane Hea’wweighl FInnrﬂ!Ell!ﬂl’?D .00 .00 1087 g 0.04
ﬁ wall Inmar (002 B... . 001 SunZane [:UASH!RE CaseDe0 common wall 303602 21.60 000 200 & 255
ﬁ wall South . 001 suaZene eavyweight Exteror Wall 0232895958 9.60 oo 171 i 051
& Wall West . 001 SunZane A Heawywe ight Exterior Wall 0232895958 540 0.00 171 @ 0.51
ﬁ wall [East . 001 SunZone | Hearyweight Exterior Wall 0232896958 5.40 000 171 e 051

For example, you can see the opaque elements’ relevant characteristics displayed on the
Structures page of the Energy Model Review palette.

!

GPEN S

_Energy Model Review = Structures
U-value Calculator

Assign physical properties to each composite skin:

|Skin harne Thickness Thermal conductivity [ Density [kgfm®| Heat capacity [}/ kgk] i
0.5100 140000 1000.50
| JFoam insulatic.. 62 0.0400 10.00 1400.00 ‘
[ Jwocd350572764 8 0.1400 530.00 800.00
|
External heat transfer coefficient: 'i_gzo_ Wim* — =
o - U=-value: r]
Internal heat transfer coefficlent: |gag  W/m™
0.51 WimK

Thermal bridge effect:

.00 | WimiK

| C:ncel b“-—-_-l ‘
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Review the Operation Profile of the Sun-Zone. This thermal block is a so-called “unconditioned
space”.

L0000 Operation Profiles

Available Operation Profiles k
ASHRAE , New...
=
Auxilliary spaces (non residential) s
Booking hall Delete
Canteen

Occupancy Data

Occupancy type: Human heat gain: 0.00 W per capita

Residential : Service hot-water load: 0.00  |/day per capita

Humidity Load: 0.00 l/day

Note: Define "ASHRAE sun zone" profile's daily schedules and drag them in the order of

precedence.

Daily Schedules ~ Recurrence ‘Date Range ~In use [hours]
+ |ASHRAE 5un Zone » Every Day .., All Year ... 8760

~ Add | Remove Uncovered: 0

Edit Daily Schedules. ..

Cancel | | OK |

By definition: “An unconditioned space is an enclosed space within a building that does not meet
the requirements of a conditioned space. These spaces have no control over thermal conditions
but receive thermal energy from adjacent spaces.”

In other words, such spaces do not have any building system assigned to them that would regulate
the internal temperature. Without any minimum or maximum limits defined, internal temperature
changes without constraints. This phenomenon is called “free-float internal temperature”.

To specify an unconditioned space in EcoDesigner STAR, go to the previously created “ASHRAE
Sun-Zone” operation profile.
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In the Daily Profile Editor, note that there are no maximum or minimum temperature limits
defined for this operation profile. Naturally, no building systems are assigned to unconditioned
spaces, either.

Profile Editor

ASHRAE Sun Zone | New...

New Daily Schedule

| Rename...

| Delete

Edit profile data in the selected time period

;E Internal temperature ]
5 ' P [ | Maximum: [ v C
Z‘ B [ Minimum: [— . °C
6

e 12 m h

0
h

W/ m? 3
s = = : 1 Internal heat gain
‘3 1 B Occupancy count:
4 Tt
2 ] . m? per capita
: B ughting: None &
c T 1] L

6 12 18 Bh Power: ’7: W}m‘

Olr@h Om [gjh OTG)h . | | Equipment: L W/mé

There are no internal heat gains in the Sun-Zone of case 960, but the steady airflow is added to
represent the infiltration defined in the ASHRAE 140 standard.
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3.4 Run Energy Simulation

Run the building energy simulation by pressing “Start Energy Simulation”.

CED E =
rmﬁm QS(ructures HFOpenIng_s |

002 BackZone
001 SunZane

Model analysis

‘ Model analysis in progress: 0%

Cancal

G @ (X
¥ Thermal Block Preperties
By ool SuAZont [® ASHRAE sun zone 3
Supply Building Systems
System Type System Name t;'
¢ (3 vemilation New Buileing System3 -
%

- 5tart Energy Simulation ¥

The next step is to specify the chapters to include in the Building Energy Evaluation PDF report.
Select the required chapters on the left, under the “Report Chapters” page of the dialog. Since
case 960 of the ASHRAE 140 standard requires only energy demand calculation, many of the
chapters (e.g. fuel consumption, performance rating etc.) do not apply.

First, select chapters that contain project level results: check “Key Values” and “Project Energy
Balance,” and “Thermal Blocks” chapter.

Next, select chapters that contain thermal block level results:

* the “Thermal Block Energy Balance” and “Thermal Block Key Values” chapters display
energy performance and comfort data such as total annual energy flows, peak demands, and
annual internal temperature averages and extremes.
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* The “daily temperature profile” chapter displays the hourly temperatures inside the selected
thermal block, on any selected day of the calculation reference year.

000

» Header and Footer
* Report Format
¥ Report Chapters

Select Chapter(s) to Report:

Key Values
¢+ M Project Energy Balance
M Thermal Blocks
(Page Break)
M TB Key Values
M TB Energy Balance
M HVAC Design Data
(Page Break)
Daily Temperature Profile
(Page Break)
M Energy Con...by Targets
Energy Con...by Sources
(Page Break)
Renewable Energy Sources
¥ Environmental Impact
O Advisory Messages
O Energy Con...and Savings -
O
O
O

00~ | & 1 WMNN | e s

I O WY

Baseline Performance B
Baseline Energy Costs -
Performance Rat"ng Table -

aF 4k A 4k AF A AP AR A 4P 4F A A S A B B

Add/Remove Page Break: @ Hesl
Chapter Settings

Energy unit | kWh e

importf Export Format Séttings ’
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Use the “Chapter Settings” panel to select the thermal block and the day of the year.

¥ Report Chapters

Select Chapter(s) to Report:

¥ Report Chapters

Select Chapter(s) to Report:

+ M Key Values 1 + M Key Values 1

: Project Energy Balance 1 B Project Energy Balance 1

¢ M Thermal Blocks 1 ¢ M Thermal Blocks 1

- (Page Break) - : (Page Break) -

s TB Key Values 2 = TB Key Values 2

¢+ ¥ TB Energy Balance 2 + M TB Energy Balance 2

¢ W HVAC Design Data 3 ¢+ M HVAC Design Data 3

H (Page Break) - s (Page Break) -
Daily Temperature Profile 4 Daily Temperature Profile 4

: (Page Break) - : (Page Break) -

~ M _Coneone Con. _bni Tarante z ~ M _Cnorone Con. b Taraate b J

Add/Remove Page Break: == Add/Remove Page Break: et | o

Temperature unit | C° : Temperature unit  C° :

$l)a.. »|s |l002... »[+][— ¢a.. »|s | 002.. »|+[—

s April S 002 Bac... s April S 002 Bac...

: July 5 002 Bac... : July 5 002 Bac...

¢ Octo... 5 002 Bac... ¢ Octo... 5 002 Bac...

¢ January 5 002 Bac... ¢ January 5 002 Bac...

: April 5 002 Bac... s April 5 002 Bac...

= July 5 002Bac... s July 5 002 Bac...

¢ Octo... 5 002 Bac... ¢ Octo... 5 002 Bac...

Import/Export Format Settings - Import/Export Format Settings »

The corresponding internal temperature profile instantly appears among the chapters to be
documented, in the preview area of the Evaluation Report dialog. Although Not Yet Specified
building systems were used for the demand calculation in this example, it is a good idea to include
the “Energy Consumption by Targets” and “Energy Consumption by Sources” chapters in the
report, since these chapters provide information about the quality of the building energy model
and simulation data processing.

Save the report as a PDF document.
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Next, customize and save an Excel spreadsheet report. This format provides a more detailed
breakdown of energy analysis input and output data that can be easily post-processed.

Energy Performance Evaluation
[Project Number] [Project Name]

Renewable Building System Summary

Bullding System Annual Energy Generated Renewable Energy Cost
kWh | GBP
Total LEED Renewabl| 0 | 0
Total: 0 0
Environmental Impact
Source Type Source Name Primary Energy CO: emission
| kWh/a kgla
Secondary B Eecriciy | 5260 378
Total: 5260 378

MI4a] 979 Jr(m

Close | | SaveasPDF..  v|

ﬂ

Specify the required chapters:

*  “Thermal Blocks Detailed Inputs™
* “Thermal Block Key Values”
*  “Monthly and Hourly Thermal Block Results”

0.0.6 Report Options .

Select spreadsheet(s) to report: ': Size Kind

[0 Project - Key Values | 748 KB Adobe...ument
O Climate Data k 191KB  Micro...rkbook
[ Project Results - Monthly 352 KB Alias

O Project Results - Weekly | — Folder

[ Project Results - Daily 1.5MB  Archi..Project
'O Project Results - Hourly 227KB  Micro...rkbook
'@ Thermal Block - Detailed Inputs 19.5 MB Micro...rkbook
‘[0 Thermal Block - Operation Profile 66 bytes Simpl...Format
[ Thermal Block - Key Values [

[¥ Thermal Block Results - Monthly

[0 Thermal Block Results - Weekly

O Thermal Block Results - Daily

[ Thermal Block Results - Hourly

O Compliance Report ‘

[0 Performance Rating Details

]

[ Close |k IF—
d_ - —

Click OK to save the spreadsheet.
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3.5 Compare Simulation Results with Reference

Documentation

Use the previously created PDF evaluation report to review the energy simulation results,

chapter by chapter.

The Project Key Values chapter displays basic structure geometry and performance information

on the right.

Note that the dedicated ASHRAE 140 Climate Data file was used for the simulation.

Energy Performance Evaluati
[Project Number] [Project Name]

on

Key Values

General Project Data
Prcject Name:

City Location:

Climate Data Source:
Evaluation Date:

Case?60_demo 02

DRYCOLD.TMY

Building Geometry Data

Gross Floor Area: 68.36 m?
Treated Floor Area: 64.00 m?
External Envelope Area: 150.40 m?2
Ventilated Yolume: 172.80 m?
Glazing Ratio: 8 %
Building Shell Performance Data

Infiltration at 50Pa: 0.67 ACH
Cuter Heat Capacity: 103.73 JIm’K

MNov 22, 2013 €:40:17 PM

Heat Transfer Coefficients U value

Building Shell Average:

Floors:
External;
Underground:
Openings:

Net Heating Energy:
Net Cooling Energy:

Total Net Energy:

Energy Consumption:

Fusl Consumptio
Primary Energy:
Fuel Cost:

CO, Emission:

n.

[Wim*K]
0.63 i
0.04-0.04
0.31 - 0.51
3.00-3.00
39.97 KWh/m?a
10.29 kWh/m®a
50.25 KWhim?a
77.65 kWh/m®a
77.65 kWh/m’a
82.19 KWh/m?a
- GBP/m*a
592 kg'm’a

The Project Energy Balance displays the sum of all the individual Thermal Block Energy

Balances.

Project Energy Balance

Supplied Energy per Week

.---i--. : =

32
| | a . | | |

36

40 4 48 52

—m 4

il
4

9192
400
300
200
r 100

[KWH]

Emitted Energy per Week

0
100

200
{300

400

Lighting and Equipment
1753.4 KWh'a

Salar Gain
11305.2 KWhia

Heating
2547 Y KWhia

Transmission
12118 7 KWWnva

entilation
2807 5 kWh/a

Coaling

656.3 K\Whva
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View the Thermal Block Key Values of the unconditioned Sun-Zone first, then of the
conditioned Back-Zone. For the conditioned Back-Zone, the annual heating and cooling energy
values are the most significant data, displayed on the right of the Back-Zone Key Values chapter.

002 BackZone - Key Values

Geometry Data Heat Transfer Coefficients U value W/mK]
Gross Floor Area: 50.54 m* Floors: 0.04 -0.04
Treated Floor Area: 48.00 m* External: 0.31-0.51
Building Shell Area: 102.00 m* Underground: -
Ventilated Yolume: 129.60 m? Openings: -
Glazing Ratic: 1] Yo
Annual Energy
Internal Temperature Heating: 2557.94 kWh
Min. {22:00 Jan. 02): 20,00 T Cooling: I 658.23 kWh
Annual Mean: 22.65 C
Max. (16:00 Apr. 26): 27.00 C Peak
Heating (08:00 Jan. 04): 2.70 KW
Degree Days Cooling (17:00 Sep. 02): 1.18 KW
Heating (HDD): 5298
Cocling (CDD): 1322 Unmet Load Hours
Heating: 0 hrsfa
Coaling: 0 hrefa

For the Sun-Zone, the internal temperature data on the left of the Sun-Zone Key Values chapter
are the most important.

001 SunZone - Key Values

Geometry Data Heat Transfer Coefficients U value [Wim*K]
Gross Floor Area: 17.82 m* Floors: 0.04 -0.04
Treated Floor Area: 16.00 m* External: 0.31-0.51
Building Shell Area: 48.40 m* Underground; -
Ventilated Volume: 43.20 m? Openings: 3.00 =3.00
Glazing Ratic: 25 Y
Annual Energy
Internal Temperature Heating 0.00 kwh
Mifke(07:00 Jan. 04): 212 5 7 Caaling: 0.00 kWh
Annual Maan: 25.44 e
Max. (15:00 Oct. 17): 1.1 S Peak
Heating (01:00 Jan. D1): 0.00 kKW
Degree Days Caaling (01:00 Jan. 01): 0.00 kW
Heating (HDD): 5298
Cooling (CDD): 1322 Unmet Load Hours
Hzating 1] hrsia
Cooling: 0 hrsia

Now view the Thermal Block Energy Balances data.
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On the Energy Balance diagram of the unconditioned Sun-Zone, the Solar Gain (yellow) is
counterbalanced only by the Transmission and the Air Flow, displayed in blue and brown.

001 SunZone Energy Balance

Supplied Energy per Week

3698
= — ——E-—-_ 300
— 200
—— —100
Solar Gain k
y : ; : ] : . ; y 8- 113082 kWhia
1 4 g 12 186 20 24 28 32 36 40 44 48 52 [kWh]
: : . - : : - : : : a— 0 Transmission
| 10500.2 KVh/a
- == ) — 100 Ventilation
AN2 4 kKWW
200
300

Emitted Energy per Week

On the Energy Balance of the conditioned Back-Zone, the Heating Demands appear in red on the
supply (top) side of the diagram, while the Cooling Demands are shown in greenish-blue as
emitted energy, at the bottom of the Energy Balance diagram.

002 BackZone Energy Balance

Supplied Energy per Week

0

o

Transmission
204 5 KWhia

235.0
150 Lighting and Equipment
- 17034 KWhia
100 Heating
I . P67 0 KWhi/a
0

12 2 [kVVh]
! 1 0 Transmission
= III L il ~ 19423 KWh'a
I I' II Baip= a0 Ventilation
i m -2 q00 20051 KWh'a
Cooling
—— Al — 150 . 6% .3 kiWhia
200
Emitted Energy per Week
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The HVAC Design Data table contains a very important demand calculation output: the Annual
and Peak Heating and Cooling loads of the conditioned thermal block (Back-Zone). These are the
necessary building system sizing data for energy modeling and HVAC design alike.

HVAC Design Data

Heating Demand Coocling Demand Internal
Thermal Block Yearly Hourly Yearly Hourly Temperature
[kWh] Peak [kW] [kWh] Peak [KW] | Min. ['C] Max. ['C]
27 12 200 270
2z (7 "”’-!".’ .-
Rf: Badctone = 08:00 Jan. 04 ol 1700 Sep. 02| 22:00 Jan. 02| 16:00 Apr. 26
: - 0.0 0.0 -2.1 51.1
P 1 Sundune g - J - 07:00 Jan. 04| 15:00 Qct. 17
27 1.2
All Thermal Blocks: 2557 R g 658 17:00 Sep. 02
Number of Used Hours in Year: Unmet Load Hours in Year:
Heating: 3782 hrs Healing 0 hrs
Cooling: 1671 hrs Cooling: 0 hrs

Review the detailed simulation data presented by the Excel spreadsheet evaluation reports.
Based on the custom report content specified by the user, a project data Excel spreadsheet is
generated alongside the separate spreadsheets dedicated to each thermal block.

The first page of the thermal block result data spreadsheets is the Detailed Inputs page.

TherralReve: o7 Rareanne
Jseranen Hofle ASFHAE
T3 Fluar Area: 3039 17
Suikding Walame: 120.60 0"
TTRITURFT
Orenitation Catzeory “yor Comalezity Karme freaim’)  Thicknass f Lengh | mml U-value [ K] wliitraticn 1ifame]
tirih Exiemal UghLwemhe Eler u” Tl § S.raigit el zi00 o L g
ek Extemel Ughtweight Eateru- W 123 vl 1020 aro asy oo
rat Exemal Ughtweight Eater us W 1ht el JLE Lfih] LE: 1 @
2w grende Thowr {eiur abawve grad Ughuweihs Movr 022 iy 30.00 L0200 L] 110
labon grade Floor {at or above grad Lightwesght [oor D221188—— 3l 1.0 102800 LT 110
upned Latemal Ughtweight Rocf 253058 Cetrud=d skell .00 14083 o 30
Tanes Irteesal ALHARE CazefED commer Suraight Wl atse 1003 am 110
TIFHINGS
Drentation Trae ‘Glading Area ] ‘Qazing Jvalue (Wins{]  TET% D5T% Doague Mres [m'] Pesimeter I ml Dpamie Uwalue [WITER]
JVILDING SYETEME
Systam Typa Swatarn Wims
Heming New Rui g Syeen 1
Tooling Newt Bui dag Systen 2
Wentilatian New Bui dag Syaen3
I0HES ASIGHLD
Zoe D Zore e Tenz Catzgory
Tas e Dikce
] R R 1 Deiaied Inputs ,  Defailed Results = Mol ly J Detadec Resulis = Hourly Ai Thermal Block = Kay Values A[ +.4
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The second page contains the Detailed Monthly Results. The annual heating and cooling loads are
displayed here. In the example project, 2558 kWh is required annually for heating...

Iontaly values
Energy llows MEF Sgstem fype Torget Ty November | Decanber | Annual Total [k
AUl aurnbvers are in JkWh]

“ufitratior 900 .00 w00
Fumian heat gain LI ﬂij .00
Salae gain a0 nen am
T eeting 00 198.c8 I1nM

Centrd 0.0 L0 .00
s o0 oso om
Spatues ety .00 .00 .00
Creulation puma (I 000 .00
ol el clacir o0 sc0 om
Spatues ety
Creulation puma
ey
Space 1Ty
Auxliarysysterns
SpatE ety
Creulation puma
e
boiler
v sonting
Crculmun pua
Saler thermad callacor
e soating
Crcsimunpum
Heat pump 00|
Srace saming a3
Aiayspis asg
D heater 00
FreerTT a5
Aiayspies as0
Notyet pacifed 5
Corvics vet waier haating
oter usu . ; v 7
%l _1 Jetailed mpues i Deailed Results - ml“rllril Detailed Results - Hourly Vi Thenral Block - Key values i + 2
and 658 kWh is required for cooling for the Back-Zone.
Wonthly Vakies
Energy llows MET System type Target March gl May Banc July August Detoker Hovember Ceeembzr Areeal Toral [0
| All nUMBErs are in 'I(Whl
I Auxibary dystams 2.00 o.
oxtuctes om 0
Spacs heating .00 (
Auxiliary systams .00
oot yet soe-ifed 13581

Service hot-wate: heating

Bailar

&

Service hot-water heating
Auxiliary iyztems

hot-water heating
Llatien pumip

B388388

slooslena
AR I

Cooling i
Cantral m
mechenica son
Coolng @m
Avwiliary ystems am
Distriet so
Coolng @
Circulation pump 00
Lees!
mechenga
Coxf
Ausibary syztem
UK Lool W w 0
== T Serailzc inputs , Derailed Results - Monthly | Detailed Results - Hourly | Thermal Block - Rey values , + J

n
a
0
n
a
0]
n
a
0]
n
a
B
n
a
0
n
a
0]
L)
a
u
L)
a
u

@ oa e

o vl ee s e sele s e e e e
6&66655655F55 E5885¢

s

Use the spreadsheet of the ASHRAE 140 Standard that contains the reference simulation

results. Besides the standard’s reference values, this sheet includes the EcoDesigner STAR
calculation results for ALL the ASHRAE 140 test cases.

The investigated test case No. 960 is highlighted here:

1 | ANMUAL HEATING LOADS [MWH]

| ESP ELAST DOEZ SRES/SUN SERIRES S3PAS TRHSYS TASE VIP-Energy EDS SUMMARY

3 UK-DMU USAT UsA UsA UK-BRE SPAIN BE_/UK FINLAND SWEDEMN DATA MM MAX

4 |LASE MW MWn MWh MW Mn MWWh MWh MWh M¥Wh MWh MW MWh

5 5o 4.296 4773 5.7C9 5.226 5.396 4.882 4.872 5.095 5.090 4,236 5.709
6 [610 4.355 4.B06 5.786 5.280 53.520 4.971 4.970 5.880 5.154 4.355 5.786
7 620 4.613 5049 5.944 5.354 5.734 5.564 5073 5.230 5.349 4613 5.944
& 630 5.050 5359 5,469 5.883 6.001 6033 5.624 6,439 5.414 5050 6469
s 540 2751 2,683 3.343 3.255 3.303 3.065 3.043 3.209 3.243 3.043 2751 3.803
o [650 0.000 0.000 0.0C0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
1 oo 1.170 1.610 1.872 1.897 1.388 1.730 1.655 2.041 1.890 2.000 1170 2.041
z a0 1.575 1.862 2.254 2174 2.282 2.063 2,097 2.220 2.326 2.194 1.575 2.282
3 faz20 3.313 3.752 4,255 4.093 4,058 4.235 3.776 4.200 3.835 4.063 333 4.300
4 430 4.143 4.347 5.335 4.755 4.728 5168 4.740 5.0861 4.183 4.143 5.335
5 ,' n7a3 1021 1.239 1.231 1.411 1.179 1.0R0 1.323 1.1R3 1.246 n7az 1.411
L 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
E960 2.311 2664 2.928 Z.B84 2.351 2.943 3.373 2.816 2721 2.558 2311 3.373
2 195 4167 5.153 7.306 4167 5153
a2 ?00 53.252 9133 7.306 3.252 9.133
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Our calculated annual heating load was 2.56 MWh for the Back-Zone. As you can see, the
standard reference result range is between 2.3 and 3.3 MWh. Thus, the calculation performed by
EcoDesigner STAR is within the acceptable range defined by the ASHRAE 140 standard.

Now consider the annual cooling load. The EcoDesigner calculation result is 0.66 MWh. The
acceptable range prescribed by the standard is between 0.41 and 0.8 MWh for Case 960, so the
EcoDesigner STAR calculation result meets the ASHRAE 140 standard requirements.

ANNUAL COO_ING [MWH]

BLAST DOE2  SRIS/SUN  SERFES  S3PAS  TRNSYS TASE  WIP-Energy EDS SUMMARY

UK-DMU USAT USA uSA UK-BRE SPAIN BEL/UK  FINLAND  SWEDEN DATA MIN MAX

CASE# MWh MWh MWk MWh MWh MWh NWh MWh MWh MWh MWh MWh
600 6137 6.433 7.079 7.278 7.964 6.492 6.49; 6.778 7.606  6.1745753 6.137 7.964
B0 3915 4.851 4.852 5.493 5778 4764 4.601 5.506 5201  5.40987526 3315 5778
620 3417 4.092 4.334 4.633 5.004 4011 2.901 4381 4658 3.8603901 3.417 5.004
B30 2129 3.108 Z.4839 3433 3.701 Z2.489 2416 2.C43 2.83603599 2.129 3.7
610 5952 6.183 6.759 7.026 7811 6.247 6.24€ 6.508 6.844 5.881106714 5.952 7.811
630 4016 3.140 3.735 5.084 0.5343 J.000 ERE L 5346 G173 5.43695846 4.016 6.043
%500 2132 2.500 2.455 3.165 3415 2572 2.482 2.559 3.328  2.44529496 2.132 3415
E1l] 0821 1.533 0.278 1.872 1.854 1.428 1.22€ 1.767 1.729 1.96746316 0.821 1.872
520 1.840 2616 2.440 2.943 3.092 2.457 241 2.613 3.040  2.41386257 1.840 3.082
CE] 1.039 1.834 1.268 2,173 2,238 1.439 1.41€ 1.473 1.56114074 1.039 2.238
510 2079 2536 2.340 3.036 3.241 2.489 2.383 2516 3117 2.30876878 2.079 3.241
550 0.387 0.526 0.538 0.921 0.589 0.551 0.561 0.771 0.820  0.69645409 0.387 021
v D488 0.666 0.428 0.803 0.718 0.643 0.411 0.76 0.774 0.6583 0.411 0.603
135 o414 0.468  0.62103435 0.414 0.268
200 0.570 0.E77  0.62103435 0.570 0.677

Now validate the Peak Cooling Load and Peak Heating Load calculation results. Display the
Thermal Block Key values page for the calculated Annual Hourly Integrated Peak Heating Load,
which equals 2.7 kW.

The Annual Integrated Peak Sensible Cooling Load, according to the EcoDesigner energy
simulation results, is 1.18 kW.

| A B | D E F
Date Time
Annual Mean Zone Air Temperature: 22.65 *C
Annual Hourly Integrated Maximum Zone Air Temperature: 27|°C 26/4 16
Annual Hourly Integrated Minimum Zone Air Temperature: 20 *C 2/1 2
Annual Hourly Integrated Peak Heating Load: 2.696 kw 4f1 8
| Annual Hourly Integrated Peak Sensible Cooling Load: [ 1.178lkw 2/9 17
Key Values:
Gross Area 50.54 m*
Conditioned Area 48 m*
Building Shell Area 102 m?
Ventilated Volume 129.6 m*
Glazing Ratio 0%
Air Leakage 0.5 ACH
U Values:
Building Shell Average "82.82 W/m2K
Floors 0.04-0.04 W/mK
External 0.31-0.51 W/mK
Underground - W/mK
Opening - W/mK
Design Loads:
Heating Load 2557.9384 kWh/m%a
Cooling Load £58.27587 kWh/m?a
Unmet Heating Hours 0h
Unmet Cooling Hours 0h
Heating Degree Days 5298.425
= 7| Detailed Inputs | Detailed Results - Monthly | Detailed Results - Hourly | Thermal Block - Key Valnesw“ - i
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Let’s compare these values with the results provided by the standard: the Peak Heating load must

be between 2.4 and 2.8 kW.

ANNUAL HOJRLY INTEGRATED PEAK HEATING LOADS

ESF ELAST DOE2 SRES/SUN
LK-DM usAaT UsA UsA
ASCR KW K K KW
3.437 3940 4.045 4758
3.437 39N 4.034 4,258
3.591 384 4.048 4277
3.0%2 3947 405 4,280
5.232 540G 5.943 6.5I0
LN N.000 0.000 .00
2.B30 3.453 3.557 3780
2.638 3,458 3.564 374
3,308 3./03 3,805 4013
3,333 37IE 3012 4042
1.9an 5078 5.RRS RI1R
0.000 0.000 0,000 0.000
2410 2.751 2,727 2.883
2004
2,631

SERRES
UK-BRE
KW

33PAS
SPAIN
KW

4.037
4.037
4,277
4.£78
G6.247
oo
3.608
3618
4.0£49
4.0G4
RI117
0,000
2.852

TRNEYS TASE WIF-Ereroy EDS
BEL/UK FINLANC SWEDEN DATA SUMMARY
Kw KW K KW WIN WA
393 4354 3 A4n 4126 3437 4.354
3922 4354 4110 4126 3.437 4.354
3.p2z 4373 3830 4136 3.99 4.379
A= Frs 4120 4,136 3.092 4.£80
L7z G854 5660 +.97 5.232 6.554
0000 annd 00on o 0.con n.o0n
3.517 3797 3550 3.681 2.850 3.797
3.536 3801 3583 3.685 2.858 3.801
3.0 4 4ol 3rel 3.69% 3.30d 4.061
3,744 3T 3.099 3.333 4.0G64
51727 RA7R 5754 5.043 38R0 R.A7R
0.000 000 0000 0 0.Co0 0.000
2.522 2773 2586 i 2410 2.863
3.425 £.004 LJ']:Z.LU‘I
2.425 2.E51 2.651

So the EcoDesigner STAR calculation is again in the acceptable range. The same applies for the
Peak Cooling load, which must be between 0.9 and 1.4 kW.

SRESFEUM
usa
kW
6,827
6.371
4.593
4116
6,776

ANMNUAL HOURLY INTEGRATED PEAK COOLING _OADS
EEP BLALT DJ0E2
UE-Dil! us/T usA
CASER kW kW kW
500 6.194 5865 66545
610 5.569 5824 6064
620 3534 4075 4430
30 3072 3./04 3. 584
540 G6.181 5.B892 6374
650 6.031 5.831 6516
la] 2.388 3.155 3458
10 1.396 2.500 2336
20 2.385 2533 3108
30 1.373 2546 2383
0 2.383 3155 3453
50 £33 2.621 £ bbd
GO 0.353 1.144 1.057
195 0.351

EERIREE
UK-BRE
kW

E3rAS
SPAIN
kW
6.2E6
6170
4,287
3.bkbd
B.EE0
6.143
3.334
2.7E86
3.071
2.4E6
3.334
AT
1.179

TRMEYS TAEE VIr Encrgy EDS

IELSUE FINLAMD SWEDEN DATA SUMMARY
kW KW KW Kw WIN MAX
6486 6812 3.570 6.525 3.935 5.827
5675 6.146 5790 6.357 5.639 5.371
4.275 5.0%6 1.530 4.249 1634 5.0%6
.60 3.850 3.224 e 1116
G442 6.771 5.308 6464 5.832 5776
6.378 6.670 5.544 6.378 5.831 5.670
3.567 3.457 4.041 3726 2.838 3.871
z.732 3147 3.302 3.519 1.836 3.277
3050 3.505 3.543 3151 2.335 3.505
z.498 2,865 2.308 1.873 3,080
1.567 31457 1.041 3.726 2.838 1.871
£.bdb .80/ 3.0 2.702 £033 3150
*.370 1.403 1.304 108 0.933 1.403

1.159 0.631 2.651

These graphs show the results of the other ASHRAE 140 building envelope test cases.
EcoDesigner STAR — shown in red — is capable of producing results that are just as accurate as the
standard reference results generated with other high-end building energy analysis software

applications.
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4. Project-Specific Low-Energy
Building Solution Set

This chapter presents how to choose the most appropriate low-energy building design strategy for
your project.

The workflow starts with creating a baseline building for testing the feasibility of each potential
low-energy building solution. This method is called sensitivity analysis.

4.1 Create Baseline Building (Without Systems)

Here is our sample building information model (BIM) created in GRAPHISOFT ArchiCAD. It is
a multistory, multipurpose building built next to an existing apartment block.

# ArchiCAD Til= [dt \View Design Dacument Options  Teamwork Window  Test  llelp

MR E R EE R R D R R EREEEEE] B R=E
aclbox - _
el S RSN R

E Arrov 0.0

{21 Marguee

Demo bldg 71 BE MYS 3D | All

» Tesign

z
¥ Jocumant
o ] ¥

5 Dimen,

"‘\," Arc!Cl..
= Folyline

g’ Drawing

= SErTion

.....

[y Werks. ..
£ Detail
b More
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Let’s look at this building in 3D view: you can see the 3D ArchiCAD zones that represent the
internal spaces.

Demo bldg 71 BB NYS 3D / All

z

v

With the help of these zones and the architectural model elements, the building energy model - or
BEM for short — is automatically created. Since it originates from the BIM, the EcoDesigner
BEM automatically contains all the building geometry and material property data required for
building energy simulations, without any manual data input.

Use the Energy Model Review palette to visualize and edit the building energy model.

The Thermal Blocks page lists all the thermal blocks in the design. Turn on the energy model
view to display any selected thermal block in a particular color in the 3D view, while the rest of
the building is shown in wire-frame view.
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ANNEX 2: EcoDesigner STAR Sample Workflow

Groups of ArchiCAD zones can be specified as thermal blocks. For example: this is the Staircase
thermal block, containing contains several ArchiCAD zones.

T
| e *»| — Evergy Viooel Rsvim = Thzrmel Bioces

] |
EY:Er: Deme bleg 71 5RNYS 90 4 Al EGED &
(TSR] D | Openings |
-
& [ Ulkb b staircasc
LY 016k 2 szircase
[ 116k _=1 wairease
[} ulbhb_2 steircaso

Eh o016k 5 swzircase
[ 01 Eh_0 sbein e
oW Retal
p 0 oor 0%z 2
e NNR Pl
FoUDs I E up e
0 ooERAN3
[ nna Flad
»o BT

| B[ D11 e
b 00T S age e e
» 0 Ul Kegnier bul ding

&
¥ I7e-mal Block Progertzs
0oz | soarcase 8| 2 e itior wd_fixed . »

Si=ply Rusilzing Systems

Lystem Iypc tvstem Nemd o

B Vel atior St ttests_Maliral =

: ?H ti HYS i =
B uating

- =

The individual zones can also be displayed in the 3D window —simply select them on the list.

(=] ~ Eaergy Mocel Review — [hermal blocks

Demo blcg 71 BB NYS 3D / Al &} 2+ ]
—_ LI Structures  [B Openings |

W 102 Staircase
[y OLED_S staircase
[20LCh_2 staircase
[y 0LEL_-1 staircase
[quLtb_b starcase
[y OLEL_O stairase *
JC3 Retail
0 n4 offire 1
JCEFlatl
JCF Flat 2 (dualexy
0 ICEFlat3
A Flar 4
0 110 Loft
0 011 Ao
U 201 Storage basement
1 212 Nzighbor building

T Y Y Y VYFYYVYVYY
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ANNEX 2: EcoDesigner STAR Sample Workflow

The ground floor contains a retail area, and the floor above is office space. The example building
also includes apartments: one is a duplex and another is a loft.

Enargy Model Review — | hermal Blocks

 Demo bldg 71 BE NYS 3D / All

®
&[5 ]

g L Structures 3B Operings |

-

yYrryyyvw

»

022 Staircase
[} U_bk_b staircase
[} 0.6E_2 staircase
[y 026k_-1 staircase
&4 026L_4 staircase
[} 026L_5 staircase
[} 0.6L_0 staicase
033 Retail
| 004 Office 1
036 Flat 1
077 Flar 2 (duplex)
0 038Flat3
009 Flar 4

oo

OL1 Attic

» [ 001 Storace basement
b 0 012 Neighaor build ng

LS

Define Thermal Blocks by drag-and-dropping the 3D ArchiCAD zones into a Thermal Block on
the list. New Thermal Blocks can also be created here.

If you select the list entries on the Structures page of the Energy Review Palette, then the

appearance of the building energy model changes in the 3D view. The colors now represent the
Category and Orientation of the building energy model’s opaque structures. The Structures list is
populated automatically based on the ArchiCAD building information model.

_ Dema bidg 71 BB NYS 3D/ Al

Tergy Manel Resew — Shriactures

E[Ele

| Ex Thermal Blocks g 0% Operirgs |

g wal
(g wall
g wal
(g Wl

Type firertafinn Categary
ﬁwll Fest -I‘:}ZFEI'HJI
[y wall e 007 5 T Inkernal
Figwal  Mzrth escamal
Eigwal  Ineecg00TFL T Inkernal
fgwal  south .bmemal
flgwall  Fawr T Fsremal
Figwal  west estamal
g wal  wnergon? St T intermal
Fgwal  Mzrth estamal
(g Wl e 007 L T Interanal
fgwal  south .txtcmzll
g wall  Fawm T Fatemrral
fgwal et estzmal
(g wal  nmer (002 St T Intermal
fgwal  Mzorth -txtcma!
(g wal  nmer (002 St T Internal

- ggwal  mncrious k. [ internal

' g wall  Eam T Extermal
ggwal  mnerioulst. [ internal
(g wall nner (007 Fl.. ] Internal

naze (U 10 Lot [ Inkermal
nner (008 Fl... 7] Internal
inner 0B HL.. ] Internal

nner (004 0. T Internal

Trerria Blm
harmat Bt

007 Flar 2 [
woFEEn 2
076 Flar 1
Uik klat L
076 Flar 1
Ok klat L
076 Flat 1
Ok klat L
[ 074 ffire
| 04 Uffice -
1004 Qe
o4 Office ©
004 Office ©
D4 Office
073 Rastail
0Ud Staircas
002 Snairces
0uUd Staircas
002 Snaircas
0UL Staircas
002 Snaircas
0U 2 Staircas

022 Snaircas
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ANNEX 2: EcoDesigner STAR Sample Workflow

The integration of building energy modeling with the architectural model allows geometry and
material property data takeoff with unparalleled accuracy. EcoDesigner STAR performs very
detailed, hourly dynamic energy analysis based on this input data to produce energy simulation
results.

The example project represents a phase in the architectural design process, when no low-energy
building solutions have yet been applied. The shape and zoning are already decided, but the final
composites, facade solutions, window placements, shading etc. can still be changed easily. The
building systems are not yet defined, either.

In this example, we will use EcoDesigner STAR to optimize the architectural design first, and
then to evaluate the effect of different building systems (e.g. natural vs. mechanical ventilation),
in order to find the best solutions for the specific project.

As you can see in the cross section, the project at this phase has very simple construction
solutions: reinforced concrete external walls with minimal thermal insulation on the ground floor,
light-weight block walls, a double-ventilated composite roof structure above the loft area and a
simple flat roof construction.

\
f

i

'
1 |

d |

=)
Dﬂ:

EcoDesigner STAR User Manual 249



ANNEX 2: EcoDesigner STAR Sample Workflow

Look at the components of one of the mediocre composite structures. Here are all the skins of
the simple flat roof with their properties. A load-bearing concrete slab, sloping screed,

waterproofing membrane, thermal insulation, and gravel on the top.

sM3 Compaosite Structures
H:Iﬂ @flat roof_poor 3
New... ' |__Duplicate... Rename... Delete...
¥ Edit Skin and Line Structure
—~ Skin and Separator I¥1 Line Pen Type I (74
v Contour / Solid Line AT |
= |:- Gravel » v 1 |mm| {i » 105
v Solid Line 87 [Im] B
£ ED Insulation - PlasticHa... v 1 [ M i 150
v Solid Line 87 [Im
¢ [ ]Il Membrane - Waterpr... v1 [1mii 15
v Salid Line 87 [Im]
s [ ] Concrete v1 [Im 8§ 100
v Solid Line 87 [
¢ [ ] Reinforced Concrete ... v1 [Imi§ 200 HAA S
v Contour / Solid Line AT | —_—
Total thickness: [mm)] 570 Use With:
Insert Skin Remove Skin B <3 o

Note: you can modify composites or create new ones using the Composite Structures dialog

box from ArchiCAD’s Options menu.
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ANNEX 2: EcoDesigner STAR Sample Workflow

Thanks to ArchiCAD’s Priority Based Connections, all structural details are automatically and
accurately connected, in accordance with the intersection priority settings of the skins’ materials.
The automatically generated details are updated in every BIM view as the model changes.

i D-01c
Detall

To update the Building Energy Model with the latest changes in the architectural design, press the
Update Zones command.
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ANNEX 2: EcoDesigner STAR Sample Workflow

Here is the 3D energy model view of one of the project’s flat roofs. It is located above Flat
number three.

B
Lagicn k
| B Ther|
Type Crizntation Category Thermal Block * Name
g v cest [ e T [EEERTRTEN L [pm] sy o
1 iEg wall  west O] externat 009 Flat 4 [ wasoney &1
Egwall  Inner (002 st [T internal 009 Flat 4 & masoney &
g wall  Narth [0 excernal 008 Flat 4 & masanry &1
T Ther . ————  —eeee 004 Flat 4 f= 2-01 Detail
: @%b Inner (007 FI. [T Internal 003 Alat 3 ] reinforced
<3%ab  Inrer (010 Loft) [T] Internal § 008 Flar 3 ] reinforced
g wall  Inner (009 FI.. [T] Internal [ 008 Flar 3 | ]I Masonry B
| 5 wall  West [ excernal {008 Flar 3 L= Masaney &
g i Wall  Inner (002 St Inltmad [ 008 Flar 3 |:[. Masanry Bl
g North [ Exxernal [ 008 Flar 3 ]I Masonry &
E L I Sl Joosrat3 H: -0l Detail
i B External 008 Flat 3 iR @Nat roof_s
% Inner (012 M... mlnternaﬂ oo flat 3 @Iasement
Inner (D08 Fl... Elnternal 007 Flat 2 (dupglex) E.Reinfurced
Inner (007 FI. . Dlnlemal 007 Flat 2 (duplex} E-Rernforced
I (002 8 T lnkernal 07 Flar 2 detintayy T eenfooeed.

Here’s the thermal block representing that Flat, located partially under the pitched roof and the
loft ... and partially under the flat roof.

=R
= T Ceraie
“Je 2-01 Deail
“fe 018 Jatal
“fa -1e Retil
Aty 0 Dekaal
][5
[ Aame Dperasun Frufile B
072 Seaireaze Guncenzitior wd_lixed rin Lip_mes woop
0c3 Re:Lui (GReLail shuz deperer L sl
nta Cffice 1 SPertaral ~Hics
(1} Facl ZaResidznbal
o7 Facz idupax) 12Residandal
fooy | Flat 3 #-mes dertial
0za Falt GResitznlial
pnn 1ot @Resid=nkinl
3 L Atir Guneen =it ad
% fuiL AIIrags bascment GEunCenZ IR o _AxSE rmim kCMp_ms mp
oz Mo qhbzr zuilzing {ENEignse.r bldg
N,
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ANNEX 2: EcoDesigner STAR Sample Workflow

Find this flat roof on the Structures list of the Energy Model Review palette. First, sort the
elements to list them by Thermal Blocks. Select the flat roof from the list of structural elements

assigned to Flat number three. Note that it is now highlighted in the 3D view.

Inner (012 N..
Inner (008 FI...

[ internal
[ internal
D Internal
D Internal
[Jnternai
[ internal
D External
[ internal

Inner {007 FI..
Inner (003 R..

Inner (006 FI..
Inner (004 O...
West

Inner (002 5t..

§ 008 Flat 3
007 Flat 2 (duplex)
007 Flat 2 (duplex)
007 Flat 2 (duplex}
007 Flat 2 (duplex)
007 Flat 2 {duplex)
007 Flat 2 (duplex}
007 Flat 2 (duplex)

@Basement Wall_poar
]Il Reinforced Concrete -
D. Reinforced Concrete -
D. Reinforced Concrete -
[T Masonry Block - Filler
D. Masonry Block - Filler
|:|. Masonry Block - Filler
D. Masonry Block - Filler

Structural
Structural

Structural

(2] Energy Model Review — Structures
B0 2
| [y Thermal Blocks [® Opening
Type Orientation Category Thermal Block ¥ Name v Area [m’] Th
Li LLC U a3l |_| CXLETrTal UoT L % |_|- MESUTITY DIVLK — Fier 0 oy
@ wall West [ external 009 Flat 4 [ Masonry Block - Filler 13.75 40
& Wall  Inner (002 St [[] Internal 009 Flat 4 [ Masenry Block - Filler 13.16 20
@ Wwall  North [ external 009 Flat 4 ] Masenry Block - Filler 4.48 40
e Ther... -——-—- = - 0085 Flat 4 j= D-01 Detail - 44
«35lab  Inner (007 Fl... [T] Internal J 008 Flat 3 [l Reinforced Concrete - Structural 60.92 2
<ASlab  Inner (010 Loft) [T] Internal ) 008 Flat 3 [l Reinforced Conerete - Structural 31.60 24
@ Wwall  Inner (009 FI._. [[]internal J 008 Flat 3 [ masonry Block - Filler 35.00 20
iy wall  West [ external J 008 Flat 3 [T Masenry Block - Filler 1560  4Q
@ Wall  Inner (002 St... [T Internal J 008 Flat 3 [ Masonry Block - Filler 11.20 2
@ Wwall  North [ external J 008 Flat 3 [ Masenry Block - Filler 5.60 40
feTher., -———— - J 008 Flat 3 j= D-01 Detail —— s¢

17.64
60.92
60.92
2292
35.00
35.00
3111
22.40

The Structures list contains the name of the composite used to model the flat roof. Open the U-
Value Calculator to check the thermal characteristics of this flat roof composite.
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ANNEX 2: EcoDesigner STAR Sample Workflow

In this dialog, the skins of the composite flat roof slab are listed the same way as in the Composite
Structures dialog box, but the U-Value Calculator panel also displays the skins’ thermal

properties.
N

Assign physical properties to each composite skin:

Skin Name Thickness Thermal conductivity |...
1.4000
[ Jinsulation - pi.. 150 0.0400
[l Membrane - w 15 0.2300
[ concreze 100 0.8000
[l reinforced co.. 200 2.5000
k

External heat transfer coefficient: |24.00 W/m’K
Internal heat transfer coefficient: | g.op @ W/m?K

Thermal bridge effect: 0.00 @ W/mK

U-value Calculator

Density [kg/m’|
1800.00
25.00
1100.00
2300.00

2400.00

Heat capacity [J/kgK]
1000.00
1400.00
1000.00
800.00
1000.00

U-value: 4

0.23 W/m?K

Cancel | OK |

You can fine-tune the default physical properties of the Building Materials used to model these
composite skins. Alternatively, the best matching material item from the Material Catalog can be

assigned to the skin.

Based on the skin characteristics, the external and internal heat transfer coefficients and the
steady-state overall heat transfer coefficient of the composite structure are automatically
calculated. Use the switch to decide whether to display this calculation result as U-value or R-
value (thermal resistance — the reciprocal of the U-value).

External heat rransfer coeficlent: 24,00 WAN'K
Internal heat transfer co=Micien:  §.00 Wim?K

Tharmal bridge effact: o.0u WAk

U-value:

J i, | Poeloe

Cancel

w 3.00 0%
S w 303
[—cu— w302 0%
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ANNEX 2: EcoDesigner STAR Sample Workflow

Open a section view of the project to have a closer look at one of the construction details. This
detail is located at the junction of the external wall, the floor slab and the balcony slab.

A Longlmudinal Scction ¢ Autorckulld Modc B |
| +13,0 ||
| 4 Loft
|
L !
I +10,0
! 3 3rd
| D-C1c
Detail
| |
| |
+7.00 F

[&| = T3] T

=
* [Doerais
b= -1 Devail
I= 3-lb Data
-0 ¢ Rereil
[ =07 Tetail
b= web vt
b= 0 cla_Lata
EAz2 Domments
FHCETeric Parspacs
i Fioma Axonams
C e
FHNT RIM
FHN? Panes caly
wH U BLM NE
U BEM 21
905 B-352crian
TT0E A-A SRITION
TT0FaFlaL -uol won
7T 07k A-A seume
|07 =01 Metai
L9013 P Sleww - ha

| Laled]?
e P lies
= 0Th | A-f Zozmes
=38 OB nu solarium
= 1100

Open the corresponding ArchiCAD detail, where we’ve already added some dimensions and

other drawing elements to the 3D model elements.

5

347

Balcony Detail 1

370

|
[
|

203

Inside

Outside

10,

Wl
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ANNEX 2: EcoDesigner STAR Sample Workflow

Run a thermal bridge simulation on this detail. The easy-to-use wizard guides us through the
steps of the thermal bridge simulation.

First, define the exterior areas by assigning the dark blue color to them.

Thermal Bridge Simulation

o Preview for & [\Details\D-01 Detail (Independent)
ﬁ Boundary Condition - External Air

Define external air area by clicking on
the preview area.

- 2 Fillis) selected v

External air temperature:

0 e
External heat transfer coefficient:

24.00  W/mK

Qo
Cancel . hext > |

Similarly, define the internal areas, by assigning the red color to them.

Thermal Eridge Simulation

Praview for = \Details\D-01 Detail (Independent)
ﬂ_ Boundary Condition - Internal Air

Define internal air area by clicking on
the preview area,

B 2 Fills) selected v

nternal air temperature:

20 i sl L

nternal heat transfer coefficient:

18.00  W/m'K

e

Cancel = Previous Next >
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ANNEX 2: EcoDesigner STAR Sample Workflow

This detail has no connection with the ground, so there’s no soil area to define.

Thermal Bridge Simulation

Preview for & \Details\D-01 Detail (Independent)
__a Boundary Condition - Soil

Define sail area Ry clicking on the
preview area.

- No Fill(s) selected

Soil type:  Gravel Change...

Thermal Conductivity 1.400 W/imk
Density 2200.00 kgfm®

Heat Capacity 1000.00 )/kgk
ZR{etiEy]

Cancel < Previous Next >

The next step is to make sure that each skin and structural element of the detail has the right
building material assigned to it. On the left of the next wizard dialog, the detail’s building
materials are listed. Most of these materials come directly from the model elements.

0 Thermal Bridge Simulation
Assign plivsical progerties to used Bullding Praview for = \Details\D-01 Detail {Independent)
Materials.

Skin name Properties
: B Assigned
:l:'Firp F'rnn#ing v Assigned
[ Masonry Blo... ¥ Assigned
[ I ]rlaster - Li v Assigned
C T Jinsulation -... ¥ Assigned
[ Reinforced... ¥ Assigned
[ I]concrete v Assigned
L JAir space -.. « Assigned
[ TTile - Floor v Agsigned
:- Membrane ¥ Assigned

Thermal Property Assignment._.
el s @t

Cancel < Previous | Next> |

Use the list to highlight the detail components’ building material data one by one, and the
corresponding graphical representations will be highlighted on the detail preview, on the right.
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ANNEX 2: EcoDesigner STAR Sample Workflow

For this example building, the building materials and thermal properties of the individual skins
have already been correctly defined. Besides fine-tuning the building material assignments, you
can directly override the thermal characteristics of the individual skins.

‘!'_hér;al Property Assignment

Assign physical properties to Building Materials:

w BuildingMaterial Name Thermal conductivity [W/mK] Density [kg/m?|
[ Masonry Block - Structural 0.1480 694.00
] masonry Block - Filler 0.1210 648.00
[ concrete 0.8000 2300.00
[[J] concrete - structural 0.6000 1400.00
[ Jconcrete Biock - Structural 0.6000 1400.00
[T Jconcrete Biock - Filler 0.6000 1400.00
(] reinforced Concrete - Prefab 2.3000 2300.00
[T Jinsulation - Fiber Hard 0.0400 160.00
[ ]insutation - Fiber soft 0.0370 40.00
I Jinsulation - Mineral Hard 0.0360 25.00
[T Jnsutation - Mineral Soft 0.0380 14.50
[ Jnsutation - Plastic Hard 0.0400 25.00
Djlnsulation - Plastic Soft 0.0400 25.00
[ Jimsulation - Thermal Brake 0.0380 14.50
I JFire proofing 0.2300 1100.00
[ ] membrane - vapor Barrier 0.5000 980.00
[l Membrane - waterproof 0.2300 1100.00
["JM Membrane - Rainproof 0.1700 1390.00
[ ]Timber - Roof 0.1400 500.00
(] Timber - Floor 0.0900 300.00
[l plywood 0.2400 1000.00
[ JFibervoarc 0.1800 800.00
I ite - Roof 1.0000 2000.00

Heat capacity [I...
920.00
520.00
800.00
880.00
880.00
880.00

['1000.00
1000.00
840.00
840.00
1400.00
1030.00
1400.00
1400.00
1030.00
1000.00
1800.00
1000.00
500.00
2300.00
1600.00
1600.00
1700.00
800.00

': Catalog...

| Cargel - T
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Now, examine the simulation options. The adaptive mesh representing the calculation sampling
points can be visualized on the preview.

Thermal Bridge Simulation

Preview for = \Details\D-01 Detail (Independent)

Simulation Options

¥ Show grid contours in Preview

Grid size:

Less detailed More detailed

Note: Choosing "More detailed” provides a morc
accurate result, but may take longer 1o generate.

ZYELIE

k
Start Simulation...

Cancel < Previous

By changing the reference grid size for the calculation we can run more detailed or less detailed

thermal bridge simulations.

Start the simulation.

I [\Detalls\D-01 Detail (Independent)

Thermal Bridge simulation

Preview for

Simulation Options

¥/ Shaw grid contours in Preview

Crid size:
Thermal Bridge simulation in progress.. ..

Less detailed More detailed Cancel

™ 3 |
Note: Choosing "More cetailed” provides a 3
accurate result, but may take longer to ganerate.
EEEE— I

@G &

| Start Simulation. .
e
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ANNEX 2: EcoDesigner STAR Sample Workflow

The results appear in seconds, offering two options for visualization: the Temperature view and
the Energy Flow view.

) Thermal Bridge Simulation

Preview for = \Detaii&\ﬁ-bl D-eta.il.[lndepencent)
Simulation Results

Show Results for:

BE Temperature | [°Cl

# Energy flow | [W/m?K]

I —

i} 4 a 12 16 20

Psi-value: 0.68 W/mK
Number of iterations: .3.2:.4‘

Relative unbalance: 0.000024 %
Asymmetry index 4. 737279 %

Qo

Cancel < Previous Place as Drawing Close

Hover the cursor over the colored Temperature diagram on the left side, to read the calculated
thermal characteristics at every point. The detail’s overall thermal performance is described by
the linear heat transfer coefficient (Psi-Value) value. The results show that there is a significant
thermal bridge at this balcony detail - even though a thermal brake has been inserted between the

balcony slab and the floor slab.

0 Thermal Bridge Simulation

Preview for b= \DetailsiD-01 Detail (Independent)
Simulation Results g

Show Results for: Py
JJ‘ I/ .I
ﬂE Temperature  ['C| o
7
# Energy flow Wi m?K] 7 1698 °C
0.32 Wim™K

0 4 8 12 16 20

[psi-value: 0.68 W/mK |
Mumber of iterations: 327

Relative unbalance:  0.000024 %
Asymmatry index: .4.?3_?_255 ;é
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ANNEX 2: EcoDesigner STAR Sample Workflow

On the other Thermal Bridge Simulation result view, the energy flow is represented by colors.
Again, use the cursor to display the simulation results at every point of the detail.

N O 2 S —— _ Thermal Bridge Simulation

Braview for fr \Details\D-01 Detail (Incependent)

Simulation Results

Show Results for:
e
|BE Temperature ['C]

m Energy flow  [W/m?K]
2 |

0.00 124 249 373 497 621

Psi-value: W
Number of iterations: 3.2.7“ -

Relative unhalance:  0.000024 % |
Asymmetry index: W

The next step is to apply the results of the thermal bridge simulation in the hourly building energy
simulation. First, measure the length of the balcony slab to floor slab joint on the floor plan to
determine the length along which the thermal bridge occurs.

Demo bidg 71 BB NYS / 2. 2nd floor - flats

6.000
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ANNEX 2: EcoDesigner STAR Sample Workflow

Then use the Structures list of the Energy Model Review palette to add the thermal bridge to the
relevant thermal block and to enter the thermal bridge’s length.

L] Engrgy Model Review - Structures

AOEE HELE

By Thermal Blocks m 0® Openings |

Tyee Origntation Categony Thermal Block * Name v Arca [m'] Thickness [mmi V-value (W/m Kl Infiltration [1fsm b
3 5lab Inmer (003 R.. D Internal 007 Flat 2 (duplex) E.ltcmlor(m Concrete - Structural 52.92 200 W 303 0%

Gy wall  inner (006 FL.. [ internal 007 Flar 2 tduplex) [ JJl] Masonsy Block - Filler 1500 200 @053 5%

@ wal  ner (0040 D Internal 007 Flat 2 {duplex) E.v:sonqr Blosck = Filler 35.00 200 @ 053 5%

& Wall West External 007 Flat 2 {duplex) I:.Mawﬂ'\i Block - Filler L 00 @029 2.00

&Wﬂ]l Inner (002 5t.. D Internal 007 Flat 2 {duplex) ulﬂlwnn Black - Filler 22.40 200 i 053 5%

Q wall North External 007 Flat 2 (duplex) m&-‘ewﬂ‘] Block - Filler 1120 400 - 029 2.00

| Ther 007 Flat 2 (duplex) | D-01 Detal L1800 068

<3 5lab Bottom . External 007 Frat 2 (duphex) ﬁMII Hab_poor 64D 330 w03l L10

Gy wall  inner (012 N [ internal 007 Flat 2 duplex) FFTT] @Basement wall_poor 35.28 400 & 0.30 0%

3 Slab Inrer (009 FI m Imternal 008 Flat 1 E.llcmlnr(cd Comcrete - Structural 135.48 200 8101 0%

w3 Slab Inngr (004 Q.. D Intgrnal 006 Flat L E.m-ﬂ!ﬂrhd Concrete - Structural 13548 200 - 303 0%

Q wall  tader (007 FI E Interaal 006 Flat L E.v-uon-, Black - Filles 35.00 200 @053 5%

& Wall South External 006 Flat 1 “ Masonry Block - Filler .zl 400 W 0.29 2.00

Bywal B External 006 Flat 1 Il Masency Biock - Filler 2461 400 @029 2.00

Gywall  west External 006 Flat 1 [ #asonsy Block - Filler 13,75 400 @029 2.00

&Will Inngr (002 5t D Intgrnzl 00E Flat L mviﬂ"ﬂ‘ Block - Fillgr 1318 200 - 053 i%

G wal Nemn [ = DOE Flat 1 [ masensy Bisek - Filler 4.48 400 & 029 2.00

e Ther.., -—--- 006 Flat & Je 001 Detai —ees BOOQ 0.68
e == == T Tewnmy T foorows == oo ST =

As aresult, the thermal bridge will be included in the energy balance simulation and will
influence the building’s overall energy performance.

Now, review the characteristics of the transparent surfaces - in other words: the fenestration - of
the building envelope. Select all entries on the Openings page of the Energy Model Review
palette to highlight all windows in the 3D building energy model view.

e Encrgy Mode
Wb 3

| B Thermal Blocks €

Drientation w¥ Thermal Black ¥ Opaque Area [m?’] Glazed Area [m?] Total area [m?)
West Up 1010 Loft 0.19 123 142
West Up 1 010 Loft 0.19 123 1.42
West Lip [ 010 Lafr 0.19 123 142
West Up 1010 Loft 0.19 123 142
= South Up 'BID Loft 0.19 123 1.4¢
- South Up ‘010 Loft 0.19 123 1.42
South Up 1 010 Loft 0.19 123 1.42
South Up [ 010 Loft 0.19 123 142
South Up 'DIU Loft 0.19 123 142
South Up 1010 Loft 0.19 123 1.42
Narth Up 11010 Loft 0.19 1.23 1.42
| North Up 1 010 Loft 0.19 123 1.42
East Up 1 010 Loft 0.19 123 1.42
East Up 1 010 Loft 0.19 123 142
West 009 Flat 4 0.56 304 160
West 009 Flat 4 0.43 182 225
South 009 Flat 4 0.65 385 4,50
2 - Nl 009 Flat 4 0.56 3.04 3.60
- | South 008 Flat 4 0.43 1.82 2.25
| East 009 Flat 4 0.43 182 225
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ArchiCAD and EcoDesigner STAR can perform model-based solar irradiation studies (Solar
Analysis) on these transparent building elements.

Looking at the building’s geometry, we expect the selected window to be partially shaded by the
balcony above it.

=) i
La0KED
:

Orientation w¥ Thermal Black v Opacue Area [m] Clazed]
West J 008 Flat 3 0.53 163 E
West 007 Flat 2 (duplex) 0.56 3.04
West 007 Flat 2 (duplex) 0.67 2.21 _:.
West 007 Flat 2 (duplex] 067 2.21 '
West 007 Flat 2 {duplex) 0.43 1.82 E
West 007 Flat 2 (duplex) 0.53 1.63 :
West 007 Flar 2 (duplex) 0.53 L63 i
West 006 Flat 0.56 3.0¢ ||
West 006 Flat | 0.43 1.82 .
South 006 Flat 1 0.56 3.04 ||
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Run the model-based solar irradiation study to determine the annual shadow mask on this

window, which has a southern orientation.

Encray Model Review - Openings

Drizgrtation *% Thermal Block

West
West
West
Wwest
West
West
West
West
West
South
South

008 Flat 3
007 Flat 2 (duplex)
007 Flat 2 {duplex)
007 Flat & (duplex}
007 Flat Z (duplexy
007 Flat 2 (duplex)
007 Flat 2 {duplex)
006 Flat 1
006 Flat 1
006 Flat 1
006 Flat 1

0.53
0,56
0.57
067
0.43
0.53
053
0.56
0.43
0.5
0.56

| | Thermal Blacks

163
3.04
221
2.21
1.82
163
163
304
182
3.85
.04

¥ Dpague Area [m’] Clazed Area [m?] Total arza [m?]

2.16
3.60
Z.B8
£ BB
Z.25
Z.16
2.16
1.60
225
450
3.60

82.00
82.00
82.00
82.00
82.00
82.00
82.00
82.00
82.00
B2.00
82.00

D5TR

65.00
69.00
65.00
69.00
65.00
69.00
65.00
69.00
65.00

62.00

LT Structures rmngﬁ

T5T%

Solar Analysis Perimeter [mmy] Cp
o Done L5720 2.
& Done 7200 2.
fDl:l"!l.' 21220 2.
o Done 21220 2,
o Done 5400 Z:
o Done L5720 2.
o Done L5720 2
" Cone 7200 2
" Done 5400 Al

900 v/ oo REIIITIT
« Done Retalculate

Two diagrams display the results of the Solar Analysis. The horizontal axes show the months of

the year, and the vertical axes show the hours of the day.

The yellow color on the Percentage of glazed area diagram represents the times of the year
when the selected window receives direct sunshine. The blue color represents the times of the
year when the window is shaded by the balcony above it. Hover the cursor over the diagram to
identify the days and times of the year, and to read the portion of the un-shaded area on that
specific date and time.

Solar Analysis

fia. i

Percentage of glazed area exposed to direct sunlight
Note: Hover aver graph for hourly values

Selectad Openings: 1
Orientation South
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Clearly, during the summer - when the direct solar radiation’s angle of incidence is high - the
window is shaded by the balcony.

The Direct solar radiation on glazed surfaces diagram also considers the effect of cloudy days
as defined in the weather file. Based on this input, the program calculates the Annual Integrated
Direct Irradiation value, displayed at the bottom of the Solar Analysis dialog.

Solar Analysis
" - Selected Openings: 1
T I Orientation Sauth

Direct sclar radiation on glazed surfaces
Note: Hover over gragh for hourly values

i

0 137 275 alz 550 GE7 W
An nualki-r:egrated direct radiation; k'Wh

Note that this value is specific to the selected window and depends on its position in the
building envelope.
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As a second example, select another southern window — this time one that is not shaded by a
balcony

|

1_
Orientation ¥+ Thermal Block ¥ Opaque Area [m?] Gla
West § 008 Flat 3 0.53 1.6
West 007 Flat 2 (duplex) 0.56 3.04
West 007 Flat 2 (duplex) 0.67 2.2]
West 007 Flat 2 (duplex) 0.67 2.21
West 007 Flat 2 (duplex) 0.43 1.84
West 007 Flat 2 (duplex) 0.53 1.63
West 007 Flat 2 (duplex) 0.53 16
West 006 Flat L 0.56 3.04
West 006 Flat L 0.43 1.82
South 006 Flat 1 0.65 3.85

§ 006 Flat 1

! South 006 Flat 1 0.43 1.82

- and visualize the corresponding solar irradiation study results.

e
: { 'BThnrma! Blocks ﬂ Structures _ —_
Origntation *v Thermal Block ¥ Opaque Area [m’] Glazed Area [m’] Total area [m°] TST% DST% Sclar Analysis Perimerer [mm] Opague L
west B 008 Flar3 053 183 216 8200 8900 o Done 15720 211
west 00T Flat 2 (duplex) 0.58 1.04 1.60 5200  63.00 . Done 7200 2.11
west 007 Flat 2 (duplex)  0.67 221 2.88 8200 63.00 . Dune 21220 2.1)
iwm 007 Flat 2 (duplexs 0.67 za1 2.88 8200 63.00 . Dore 21220 211
| West 007 Flat 2 (duplex) 0,43 1.82 225 8200 6300 o Done 5400 2.11
West DO7 Flar 2 (duplex} 0.53 163 2.16 azr.00 [FER ( Dane 15720 211
west DO7 Flat 2 (duplext  0.53 1.63 2.16 8200 6300 4 Done 15720 2.11
iwes! 006 Flat 1 058 3.04 360 8200 BI00 o Dore 7200 2.11
west 006 Flar 1 0.43 1.82 228 8200  63.00 o Done 5400 2.11
is«-m 006 Flat 1 0.65 3.85 4.50 8200 6300 ¢ Done 8400 211
1 006 Flat 1 i . 82 60 Done s Open Analysis...
South D06 Flat 1 0.43 1.82 2.25 8200  63.00 ./ Dore Recaltulate
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Solar Analysis
3 - Selected Dpenings: 1
l I Orientation. South

Percentage of glazed area exposed to direct sunlight
Note. Hower over graph for hourly values

Date: 29 June

Solar Analysis
' - Selected Openings 1
T I Orientation South

Direct solar radiation on glazed surfaces
Note: Hower over graph for hourly values

° 335 670 1005 1310 1675 W
Annual integrated direct radiation \ kiWwh

You can see that this window is not shaded during the hot summer months. Consequently, the
annual integrated direct solar radiation value, automatically assigned by the Solar Analysis, is
much higher.
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Now investigate a western window.

2] Energy Model Review = Openings
| @ [Iv T
B Thermal Blocks | Structures [ ngs

Crientation vv Thermal Block v Opaque Arez [m?] Glazed Area Im?] Total area [m?) TSTR DSTS Solar Analysis Perimeter [mm] Opague U-
West 009 Flat 4 0.56 3.04 3.60 82.00  69.00 o Dore 7200 2.11
West OUD Flat 4 0.43 l.82 2.45 8.0 60.00 o Done 2400 .11
South 009 Flat 4 0.65 3.85 450 82.00  69.00 o Done 400 211
South 009 Flat 4 0.56 3.04 3.60 82.00 69.00 & Done 7400 211
South 009 Flat 4 0.43 1.82 2.25 82.00  63.00 o Done 5400 2.11
East 009 Flat 4 0.43 1.82 225 82.00  68.00 o Done 5400 21
East 0COFlat 4 0.43 1482 2.25 82,00 69,00 " Done 5400 2.11
East 009 Flat 4 0.43 182 2.25 82.00  69.00 o Done 5400 2.1
West ] 008 Flat 3 0.56 3.04 3.60 82.00  65.00 o Done 7200 2.11
West J 008 Flat 3 0.53 1563 2.16 82.00  69.00 o Done 15720 211
West 008 Flat 3 0.53 163 2.16 ..|82.00 g9.00
West 007 Flat 2 {duplex) 0.56 3.04 350 82.00  68.00 o/ Done Recalculate

n Solar Analysis

'.{1! Selected Openings: 1
| ﬁ Orientation West

Percentage of glazed area exposed 1o direct sunlight

Note: Hower over grach for hourly vabues

o o Lo

Note that in this case the direct solar irradiation is present only in the afternoons, due to the
window’s western orientation.
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Solar Analysis
= Selected Openings: 1
T T Orientation West

Direct solar radiation on glazed surfaces
Nate: Hower gver gragh for hourty values

0 15 231 347 463 576 W
Annual integrated direct radiation J EWh

The annual integrated direct solar radiation value is automatically calculated for this window, too.

Edit the windows’ thermal characteristics using the Openings page of the Energy Model
Review palette. Glazing and frame characteristics can be assigned to the ArchiCAD BIM model
elements using the Openings Catalog.

O Openings Catalog 4

Select the best matching transparent item from the catalog: ‘

Type U=value[w fm’K] TST % DST %

[ Glazing - single |
w Glazing - double - basic |

Air fill - clear 2.8000 &2 69

Air fill - tinted 2.8000 6l 5l

Air fill - dark 2.8000 48 35

Argon fill - clear 2.6000 82 &9

Argon fill - tinted 2.6000 61 51

Argen fill - dark 2.6000 18 15 |

[ Glazing - double - standard

[» Glazing - double - premium

b Glazing - triple |
b Palycarbonate

b Acrylic

 Fiberglass - compoesite

| [I] Select the best matching opaque item from the cataloq:

Iype U-value|W/m7K) Psi-valu... Infltration [1)sm] |
P Frame - wood
b Merame - plastic
s Frame - metal
[r Entry door
b Garage door
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You can also provide individual values for each element as needed. In the example building
model, we have already assigned some basic glazing and frames from the catalog to the windows.

Note that the Opening list also contains the infiltration properties of every window. In the
current state of the design — prior to building energy optimization — these are set to rather high
values. There are no shading devices assigned to the openings, either.

a cnergy Model| Review - Openings

@b (o E=[= g

| B Thermal Blocks T Structures | [E Openings

imeter [mm| Opaque U-value W/ .. Clazing U-valwe [W/... Overall U-value [W/m K] Perimeter Psi-value [Wy... Infiltration [l fsm] Shading Device
gl ] 2.1 2.80 3.29 0.18 243 None

i} & Z.80 3.29 0.18 Z.43 Nong

ik} 2.11 Z.80 3.29 0.18 Z.43 Nane

ki } 2.11 2.80 3.29 0.18 243 Mone

S &kl 280 .89 o158 243 MNone

0 211 2.80 329 018 243 Nong

n 2.11 2.80 3.29 0.18 2.43 Nene ) 4
ki } 211 2.80 3.2 0.18 2.43 None

ki ] 2.11 2.80 3.29 0.18 2.43 Noneg

i} 2.11 2.80 3.29 0.18 2.43 Nong

o .11 2.80 3.29 018 243 Mona

40 2.11 280 3.9 018 243 None

20 2.11 2.80 3.29 0.18 2.43 Nong

20 2.11 2.80 3.29 0.18 243 Mone

bk} 2.11 2.80 1.05 0.18 2.43 None

ki 2.11 280 1.1 (i It} 2.43 None

0 2.11 280 .04 nigs 243 None

a0 2.11 2.80 3.05 018 243 hang

i} 2.11 Z.80 3.10 018 243 Nong

ph} .11 2.80 3.10 0.18 243 Mone

All these settings will be reflected in the results of the overall energy balance calculations.
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4.2 Run Energy Simulation (Demand

Calculation)

So far we have defied the geometry of the building, created 3D zones and thermal blocks based on
the zones, and defined the thermal properties of the building structures and the openings.

Note: we have not yet defined any actual building systems. In the Building Systems dialog,
the list of building systems - used for heating, cooling and for ventilation - is displayed. Every
system assigned to the project at this stage is set to “Not Yet Specified”. This is the setting
used in EcoDesigner STAR for energy demand calculation.

ot

Energy Evaluation - Bullding Systems

EXpert wiew v

Name 4 Typo B
=5 NYS Notyetsp... 7
® Attic_Natural Not yetsp.. 1
(&) Basement_NYS Notyersp... 1
(¥ Flats_Matural Not yet sp... 5
(%) Offices_N¥S Not yet sp... 1
(% Retail_NYS Notyersp... 1
(#) Staircases_Natura Not yet sp... 1

T Heating Settings

i

O T T

Ak an

Central

Local

« Not yet specified

Include Service Hor-Water Heating

Assigned Thermal Blocks

Do2
03
004
D06
bor
DOR
009
010

Staircase
Retail

Office 1

Flat 1

Flat 2 (duplex]
Flat 3

Flat 4

Loft

Mote: Drag Thermal Blocks in order of precedence

Assign...
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Take a closer look at operational energy consumption metrics to fully understand the different
terms that describe energy usage.

°]

Operational Energy Consumption Metrics
-

Primary Energy

1
i

Energy Industry Losses

Transportation Losses

Fuel Consumption

Local System’s Losses J

BIM

L 200w 240V TW e FMIS RN T TR0 R
CLUTERT™ @

The energy balance simulation is used to calculate the building’s Energy Demand, indicated by
the green color at the bottom of the diagram. Energy Demand represents the amount of energy
needed to heat up or to cool down the building in order to provide appropriate internal thermal
comfort throughout the year. No additional information is need about the building systems if we
are interested only in the building’s energy demand. We only need to specify whether the systems
exist or not.

However, if we are also interested in the Fuel Consumption of the building, then the building
system characteristics must be entered. In this case, the simulation considers system efficiencies
in order to determine building system-related energy losses. Not every system is able to satisfy all
demands, and machines are not equally efficient under different loads, either. Yet all these factors
influence fuel consumption, so proper building systems data input is inevitable at this stage.

Based on Fuel Consumption, EcoDesigner STAR also calculates the Primary Energy
consumption of the building. The calculation method is similar to that used by the program to
obtain the Fuel Cost or the Carbon Footprint results: the fuel consumption data is multiplied with
the relevant coefficient in each case.

At this phase, however, we are only interested in calculating the Energy Demand of the building
project. This building energy performance metric is strictly proportional to the architectural
design, so it is an excellent indicator of the success of our low-energy building design efforts.

No building system characteristics are input for this round of calculations yet: heating, cooling
and ventilation are all defined as “Not Yet Specified” building systems. (Later we will configure
these systems for the Fuel Consumption calculations.)
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Operation Profiles for the building are also required for the calculations. Each thermal block
must be assigned an operation profile (profiles can be modified and new ones created).

O Operation Profiles

Available Operation Profiles

@Neighbour bldg New..
@Personal office

@Rekdential Rename...
@Retail shop/department store
@unconditioned

Delete

Occupancy Data

Occupancy type: Human heat gain: 70,00 W per capita

Residential -

Service hot-water load: 100.0¢ |/day per capita

Humidity Load: 0.00  I|/day

Note: Define “@Neighbour bldg” profile’s daily schedules and drag them in the order of

precedence.
Daily Schedules Recurrence Date Range In use [hours]
+ | neighbour bldg * Every Day |.. All Year ...|8760
Add Remove Uncovered:
Edit Daily__Schedules.,._
Cancel | | OK |
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The Daily Profile Editor dialog displays the editable profile data for the selected reference day.
Here, you can set the required internal maximum and minimum temperatures for each thermal
block and specify the characteristics of internal heat gains. Multiple reference days can be created
and scheduled to cover the entire calculation year.

Daily Profile Editor

T e

‘weekend non trading day

‘weekend trading day | Remame..
| Delete
Edit profile data in the selected time period
' Internal temperature »
k- W Maximum: 26 [2] ¢
I 0 ™ Minimum: 20 : 'C
-Internil heat gain
[ . ™ Occupancy count:
5.00 'I;l m? per capita
! . ™ Lighting: Compact fuores...
Power: 3.00 - Wim?
- ™ Equipment: 2.00 : W/m#
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We are now ready to run the first round of simulations. Click the “Start Energy Simulation”
button. The dynamic energy analysis is executed by EcoDesigner STAR for the entire year, on an
hourly basis. This will take a couple of minutes.

(3] Energy Model Review - Therma! Blocks
® » T E == O
@ Thermal Blocks™| ) Structures  [I® Openings
» 0 001 Storage basement
i 002 Staircase
= 003 Retail
» 0 004 Office 1
&@X
w Thermal Block Properties
B 001  Storage basement ¥ @unconditioned_fixed... »|
Supply Building Systems
System Type System Name g
H @Ventilation Basement_NYS =
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When the energy simulation is complete, the Energy Performance Evaluation report is

displayed. The content of the report can be customized by selecting the required chapters from the

list on the left.

0B

EcoDesigner® - Evaluation Report

* Header and Footer
* Report Format

¥ Report Chapters

Selact Chapter(s) to Repaort:

s I Key Values
3 B Project Enargy Balance
Thermal Blacks
TB Key Values
(Page Greak)
3 [ HVAC Design Data
i (Page Break)
2 [0 Daily Temperature Profile -

dh oAb W

en LY R gy

(Page Break) -
O Energy Con. . by Targets -

Add/Remove Page Break: =

Chapter Settings

Time interval | Weekly -

Energy unit | kwh -

1001 Storage basement

+ 002 Staircase

£ 003 Retail

= 004 Office 1
Q06 Flar 1

¢ 007 Flat 2 (duplex)

a Bann Fles

Legend colors ...

ar

,I+:_

Import{Export Format Settings "

— mismal Temperatans

12.00
2oz
s .0 Fank
Haating &b 754 W
ln (48 i 380 ¥

Energy Performance Evaluation \
[Froject Mumber] Simphe Tast Building

DOB Flal 3 - Key Values

1 vehue K]
474
61.23 023-028
51.82 m®
17056 05 -394
Arnual Ensrgy
asbng. 44123 ¥WWh
. 1) 15.00 - coaling: S8y W
n 3228
w1 M5 ¢ Faak
Hemteg ({07 Feb iy ir: Y
Dogrem Deym Crwilirg (16 00 i 140 Y
rasing (HOD 4748
Coohng (CDO s (1] t Load Hours

Hasting L] e

R[a] 2712 [*[H

Close | |

Save as PDF ...

w
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In this case, we wish to include the chapters relevant for the energy demand calculation: the
Project Key Values, the Project Energy Balance, Thermal Block geometry information, the Key
Values of each individual thermal block, and the Energy Balance diagrams of the thermal blocks.
You can see the Thermal Block Energy Balances one by one - note how different they are!

0 EraDesigner® - Evaluation Report

* Header and Focter i = -

SRR L e Energy Performance Evaluation

¥ Report Chapters [Project Number] Simple Test Building

Select Chapter(s) to Report: " 003 Retall Energy Balance

: Key Values o o s
: Project Energy Balance
: Thermal Blocks
: b T8 Key Values
s (Page Break)
TE Enerov Balance
: [ HVAC Design Data
N (Page Break)
+ LI Dally Temperature Profile

| |I||‘I|||Il| A |..I||||II| .
= (Page Break)

g (T
# [0 Energy Con. by Targets i l
Add /Remaove Page Break. el (2| & - ; & k

Ennegy por Wemk

[ N A o Ll

Chapler S-Eﬂl‘!;! o i
Timeintenal | Weekly  : [ 004 Offce 1 Energy Baiance _
Supplied Energy per Weak

Energy unit kWh = ‘

= 001 Sterage hasament || | .- et O
= 002 Staircase I ||I I-IIII|'.'.“l.'“lll.||l|l| .'" i
*| 003 Retail (3 b II Il | o
: s ||||I|. i |..I" | .

£ 1004 Office 1 2
: 006 Flat 1 i
: 007 Flat 2 (duplex) ihil il ih
o AR Fiae [ L

Legend colors ... M| 4 7112 BE]

Import/Export Format Settings . |l | Bt 24

EcoDesigner STAR allows you to study and fine-tune the energy performance of each thermal
block, individually. In contrast, the built-in Energy Evaluation feature of ArchiCAD only displays
the project’s energy balance, but does not provide Energy Balance Diagrams of the individual
thermal blocks. The availability of thermal block energy performance output is a major feature
difference between ArchiCAD’s standard Energy Evaluation function and EcoDesigner STAR.
EcoDesigner STAR provides far more details about the project’s energy characteristics.
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The HVAC Design Data chapter of the report contains the most important output of the

calculation: peak loads, annual loads and annual unmet load hours.

WA

EcoDesigner® - Evaluatinn Repaort

* Header and Footer
¥ Report Format
¥ Report Chaprers

Select Chapter(s) to Report;
— Kéy 'Valu-a_f.
: Project Energy Balance
: B Thermal Blocks
. TE Key Values

(Page Break)

: i TA Eneray Balance

CORETIETY

I TR TR T T

(]
[

O
O
O
O
[=]
O
O
O

HVAC Design Data

(Page Break)

Daily Temperatura Profile
(Page Break)

Energy Con. . by Targets
Energy Con.. by Sources
Rerewable Energy Sources
Environmental Impact
Energy Con...and Savings
Baseline Performance
Baseline Energy Costs
Perfarmance Rating Table
Advisory Messages

Add/Remave Page Break:

Chapter Settings

Temperature unit | C*

Energy unit kWh

Impaort/Export Format Sertings

LS I

11

L
=

Energy Performance Evaluation
[Praject Nurnbeer] Simphe Test Building

(wacoesignosn ]

Huwating Dwmnmend

Tharmal Block Wearly

All Thermai Bioces &1 808

Numbar af Usad Hours in Year

Coling Dernand Inturmal

Year

Close | Save as PDF... -

Include Daily Temperature Profiles in the Energy Performance Evaluation PDF document to
display temperature values for specific days of the year. Such days can be the coldest and the
hottest day, and/or the days when peak loads occur.
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We can also specify days representing the typical spring, summer, autumn and winter conditions.

Daily Temperature Profiles for any of the thermal blocks can be selected for documentation.

Ly L0y

" Header and Footer

¥ Report Formart

¥ Report Chapters

Select Chaptar(s) to Report:

s M Key Values
# M Project Energy Ralance
= M Thermal Blocks
t [ TE Key Values

(Page Break)
@ TEB Energy Balance
HWVAC Design Data

P. reak
F Daily Temperature Profile 12 I

E (Page Braak)

Energy Con...by Targets -
Energy Con...by Sources -
Reznewable Energy Sources -
Environmental Impact -
Energy Con...and Savings -

Aarallon Baefoeos e

Add/Remove Page Break:

o]
I =l N

CcooonD |3 =

Chapter Sertings

] =

EcoDesigner” - Evaluation Report

Temperature unit C° v

Febr... 1

] 002 Stai...
+ May 1

002 Stai...
002 Stal...
Nove... 1 032 Sral

Hre ]| onﬁr.lpl|+!—l

Import/Export Format Settings

August 1

>

Energy Performance Evaluation
|Freject Number] Sinpie Test Building

082 Siakcase - Nowembar 1

W[4 12723 [P [H

_Klose | |

Save as POF...
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Also select the Energy Consumption by Targets and Energy Consumption by Sources chapters.
These are less relevant for now, since no building systems have been defined yet, but are good for
validating the demand calculation.

' )

* Header and Footer
* Report Format
¥ Report Chapters

Select Chapter(s) to Report:

i Project Energy Balance 1

M Thermal Blocks 1

M TB Key Values 2
(Page Break) -

M TB Energy Balance 6

M HVAC Design Data 11
(Page Break)

M Daily Temperature Profile 12

LI L L T L L L LI ] )

: M Energy Con .by Targets
Energy Con...by Sources
[ | Renewable Energy Sources -
O Environmental Impact -
O Energy Con...and Savings -
[J Baseline Performance -
[0 Baseline Energy Costs -
[0 Performance Rating Table
: OO Advisory Messages -

Add/Remove Page Break: et | e

LU L L L L

Finally, click “Save as PDF” to save the Energy Performance Evaluation report as a PDF
document.
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4.3 Review Baseline Building’s Energy
Performance

Open the previously created Energy Performance Evaluation report. This represents the project in
its so called “baseline” design state, before any low-energy building solution is applied.

|@ B E]'.. = 8|1 |24 | = | 148% - H Al | Tools | Sign | Comme

Energy Performance Evaluation
[Project Number] Simple Test Building

Key Values

Heat Transfer Coefficients U value [Wim*K]
Building Shell Average: 0.88
Fi 4.88 - 4.88
0.23 -0.75
0.31-0.31
2.94 - 4.03
1189.17 m 58.52|
1052.68 m 16.28
907.05 m 74.80
3193.26 m 97.94
17 3 97.94
69.41
Building Shell Performance Data 2.55
nfiltration at 50Pa 3.46 5.66
157.08

The next step is to use this baseline energy evaluation report to determine the most appropriate,
low-energy design strategy for our project.

Remember: we’ve specified mediocre building structures and openings for the baseline design.
Therefore, the building shell’s average heat transfer coefficient, for example, is rather high.

Take a look at the Project Energy Balance. Heat loss via transmission is significant throughout
the year.

Project Energy Balance

Supplied Energy per Week

: . Lighting and Equipment
= -'.-- s H.-r.Ta:.“ '-ﬂ Gain
[~ = } 1 A
- .....---I..II md m --....‘.--. ] .:E::“a.l .:13r
2000 5124 0 KWhia
IIII._-_ JI..I . HI;"_"”'—"Z: :
4 8 12 16 _'_';" 24 28 32 36 40 44 48 52 . Wh] '
)

P |
[ransmission

Emitted Energy per Week
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Earlier, we specified a fairly high infiltration rate for the openings, so it is not surprising that the
building shell’s overall infiltration at 50 Pa (Pascal) pressure is 3 air changes per hour - a high
value. In contrast, the passive house standard requires this value to be below 0.5! Still, the effect
of the infiltration (represented in light blue on the energy balance diagram) is not as significant as
the transmission (represented in light brown in the lower part of the diagram).

The upper part of the diagram uses red to show the heating demand during the cold months of
the year. The heating demand is really high for the baseline building. This is no surprise: we have
already run climate analysis on this site (as presented in the “Climate Analysis” chapter), so we
know that winter is cold at our project location. Therefore, the baseline building with its poor
envelope characteristics will undoubtedly require a lot of heating.

In the HVAC Design Data chapter of the Energy Performance Evaluation report, you can see a
thermal block-level breakdown of all the yearly and hourly heating and cooling demands. Use
these calculation results to determine the characteristics of the building systems.

Energy Performance Evaluation
[Project Number] Simple Test Building

HVAC Design Data

Heating Demand Cooling Demand Internal
Thermal Block Yearly Hourly Yearly Hourly Temperature

Min_[*C] | Max [*C]

We did not specify any shading devices for the baseline building’s openings, so the cooling
demand during the hot season is quite significant. Still, it is not as dominant as the heating
demand, due to the project-specific climate conditions.
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Under Project Energy Balance, you can see that the solar gain - represented in yellow on the top
diagram - is compensated by the cooling demand - represented in dark green on the lower
diagram.

Project Energy Balance

Supplied Energy per Week
. Lighting and Equipment

Human Heat Gain
m == 1.8 kWt

i
] I ransmission

- 2000 Infiltration

Emitted Energy per Week

Use the Thermal Block Energy Balances to compare the energy performances of the thermal
blocks. For example: there is certainly no solar gain in the underground storage area.

001 Storage basement Energy Balance

Supplied Energy per Week

25 Transmission

1095 K\Wi

\entilation

n

o

=

wn

o2
o

hJ
o

Emitted Energy per Week
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But there is a huge solar gain in the staircase! There is no cooling demand in the staircase block,
because there is no system (not even “Not Yet Specified”) assigned to it.

002 Staircase Energy Balance

Supplied Energy per Week

655
o Solar Gain
SuUu
1. ! o M ...' 1
Heating
- 200 B o
" I 2 Transmission
- ENe . . _ - _ . — == ami 0 100 8 kWh'a
1 4 8 12 16 20 24 28 32 36 40 44 48 52 [kWh]
0 Transmission
200 Infiltration
200 55 i
o Ventilation
100 7498 6 kKWh'a
Human Heat Gain
. 00 § 3 kW

Emitted Energy per Week

Cooling demand, however, does appear for all the rest of the conditioned spaces (e.g. Retail) to
which “Not Yet Specified” coolers were assigned.

003 Retail Energy Balance

Supplied Energy per Week

- 558.4
- H Tl
—Sau 1]
- _-_.-_ - -l
=REEE | ----"- B =5 = aTs
- - +~ 500 <
2( G kWhia
Heating
| N ~ - - - -.h 0 . 14356 9 kWhia
1 4 8 12 16 20 24 28 32 36 40 44 48 52 [kWh]
0 Transmission
- 500
T I I i .III.--__
i i | I. {
X +~ 1000

Emitted Energy per Week
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Use the Thermal Block Key Values chapter of the report to examine the internal temperature
values in the staircase during the hottest summer day.

002 Staircase - Key Values

Geometry Data Heat Transfer Coefficients U value [Wim?K]
Gross Floor Area 38.80 Floors 4.88 - 4.88
21.24 m 0.23 -0.30
96.95 m 0.31 -0.31
355.70 3.16 -4.03
24
Internal Temperature 350,70 kWh
Min Jan. 01 5.00 0.00 kWh
A 18.13 C
M ) May. 30): 37.04 C Peak
Heating eb. 01) 4.88 KW
Degree Days 0.00 kW
H HDD) 4748
cDD) 1181 Unmet Load Hours
Heating 0 hrsfa
Cooling 1253 hrs/a

The average internal temperature is 26 degrees centigrade, while the maximum internal
temperature is 37 degrees centigrade. The hourly internal temperatures that are higher than the
maximum allowable limit (defined for the staircase in the Operation Profile) appear on the report
as Unmet Cooling Hours. There is no cooling system in the staircase of the baseline building, and

it does not have any shading devices either, so the internal temperature is often unbearably hot in
the summer months.

Energy Performance Evaluation
[Project Number] Simple Test Building

I 002 Staircase - August 1 I

J—
3 B Internal temperature range

24 [Hrs]
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4.4 Investigate Building Energy Optimization
Options

The designer can choose from several solutions to optimize the energy demand of a building. This
example presents the so-called “Low-energy Building Solution Set”. This concept is the result
of research carried out by the “Solar Heating and Cooling” chapter of the “International Energy
Agency - Task 40” research group. It categorizes low-energy building solutions in an easy-to-
understand way, so that they can be applied effectively and successfully during the design
process.

The “Low-energy Building Solution Set” concept defines groups based on low-energy building
solution types. There are three solution types: “architectural solutions”, “building system
solutions” and “renewable energy solutions”.

Low-Energy Building Solutions

Architectural Building Systems Renewable Energy
Solutions Solutions Solutions
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The research group evaluated a large number of low-energy buildings in different climates to
determine the relevance of each solution with respect to the weather conditions. This chart shows
the results of this study.

Low-Energy Building Solutions *

Eoeling dominated Healing demimaled Mized ¢osling and healng \
Cooling Heating Mixed heating and
dominated dominated cooling
climate climate climate

Architectural
solutions

Building
Systems

Renewable
Systems

* Statistical data from IEA/SHC Task 40 research

The three columns represent three different climates. The first column represents the so called
“heating dominated” climates, the second column represents “cooling dominated” climates and
the third column represents “mixed heating and cooling” climates.

Each row of the table represents a low-energy building solution. The top group contains the
“architectural solutions”, such as solar shading, orientation, building materials and structures,
openings and natural ventilation. The second group lists the “building system solutions”, such as
mechanical ventilation, heating and cooling systems. The third group of solutions represents the
“renewable energy solutions” such as photovoltaic panels, sun-collectors and wind turbines.

Our example project is located in a climate that requires mixed heating and cooling. Please refer
to the “Climate Analysis” chapter to find out more about how to determine the climate
characteristics of your project location.

The gray bars represent statistical results about the relevance of the different low-energy building
solutions in the different climates. Several net-zero heating energy buildings were considered
throughout the research project, when this chart was created.
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Take a closer look at one of the low-energy building solutions presented on the chart. The
“Thermal Mass” option is less relevant in “cooling dominated” climates, while in “heating
dominated” climates it is really important: 9 out of ten investigated buildings used this low-
energy strategy.

Cooling dominated@ ~ I
% 20% 40% o0O% BOR 100%

Opfimized building form _ 100%
Thermal zoning [N 50%
Advanced envelope _ 100%
Advanced glazing [N 25%
Passive solar heatgain [N 50%
[Mermal mass  [E— & s0% |

Solar shading [N 100%

Site vegetation [N S0%
Natural ventilaion [ 75%
Ground cooling %
Window fo wallrafio [ 50%
Skyfights 0%

In “mixed cooling and heating” climates its relevance falls in between the two other cases.

Mixed cooling and heating
0% 20% A0% 50% 80% 100%

9
8%
83%
1 7%
67%
75%
100%
8%
2%

1 7%
58%
25%

A
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The research data validates the concept that groups low-energy solutions into “Climate-Specific
Solution Sets”, since the relevance of each low-energy building solution greatly depends on the
weather conditions.

Now look at the relevance of the different low-energy architectural solutions for the “mixed
cooling and heating” climate of our example building.

Climate Specific Low-Energy Building Solutions *

Mixed cooling and heating
0% 20% 40% 60% 80% 100%

2 Optimized building form I 92%
- Thermal zoning N 8%
= Advanced envelope IE—— 83%
3 Advanced Glazing - 17%
e Passive solar gain I 67%
2 Thermal mass I 75%
8 Solar shading IIIEEEEEEEEENNNNEENNN———— 4 100%
= Site vegetation 8%
5 Natural ventilation I 92%
E Ground cooling 17%
= Window to wall ratio I 58%
S Skylights  m— 25%
E Solar tubes I 17%

" Statistical data from |IEA/SHC Task 40 research

Only the architectural solutions are displayed - the building system and renewable energy
solutions are not - because at this stage of the design process, we are only evaluating the
efficiency of the architectural solutions. To analyze the effect of these architectural solutions in an
isolated manner, no building systems or renewable energy strategies are added to the project at
this point.

4.5 Execute Sensitivity Analysis

When selecting an architectural low-energy building solution, we should consider not only its
relevance to a given climate, but also other, project-specific aspects, such as site characteristics,
availability of construction methods and materials, and budget. The most important task of
sustainable building design is to find the optimal combination of low-energy building solutions
for each individual project: that is, “Project-Specific Solution Sets”.

Let’s investigate the effect of the highlighted four solutions (advanced opaque building envelope,
good details, advanced fenestration and solar shading) on our example project. We will execute
the so-called “sensitivity analysis” on the example building to measure the exact impact of these
solutions on the project’s energy performance.

The EcoDesigner STAR sensitivity analysis workflow consists of the following steps:

1. Run an energy simulation on the building in the early design phase, when only its shape,
zoning and overall appearance is decided. In this chapter, we have already completed this step
and documented the calculation results (baseline result).
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2. For the next step, apply the low-energy building solutions that we wish to evaluate one-by-
one, run the building energy simulation, then document these results, too.

3. Finally, compare these results with the baseline result for each tested low-energy building
solution, to study their impact on the building’s energy performance.

To illustrate this workflow, let’s test the effect of solar irradiation. On the Openings page of
Energy Model Review palette, select all the openings on the building shell, and apply an
“External Blind” shading device to all of them.

== O
Shading Device »
None ¥ v None
None Curtain
e Venetian Blind
Roller Blind
Mo Shutter
MNone External Blind
Nane External Louver
. Owerhang
i Overhang And Side-Fins
None Solar Analysis Off
None i o
Naone
None
None
MNone
MNone
None
None
None
Nane
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B Enesgy Model Review - Openings
0 == o
| | By Thermal Blocks DX Structures [ OpeRINGS |
i ™ Solar Analysis Perimeter [mm| Opagque U-value W/ Clazing U-value [W/, . Overall U-value [W/m K] Perimeter Pi-value [W/_ Infiltration [Ifsm] Shading Device »
1.00 |y Dore » | 4500 2.11 2.80 125 0.18 2.43 External Blind .
00 " Done 4600 211 2.80 329 0.18 243 External Blind
‘ 00 Deme 4600 211 2.80 3.29 0.18 243 External Bind
00 " Done 4600 211 2,80 329 0.18 243 External Bind
00 " Done 4600 11 2.80 130 0.18 243 External Blind
| 00 ¥ Done 4600 211 2.80 329 0.18 243 External Bind
00 Done 4600 21 z.80 329 0.18 243 External Bind
00 & Done 4600 211 2.80 329 0.18 243 External Blind
00 o Done 4600 211 280 329 0.18 243 External Bind
] " Dore 4600 211 2.80 329 0.18 243 External Bind
SO0 & Dore 4500 21 280 326 0.18 243 External Blind
00 " Done 4600 211 2.80 329 0.18 243 External Bind
B0 Dore 4600 211 2.80 328 0.18 243 External Blind
00 " Done 4600 11 2.80 329 0.18 243 External Blind
i 00 o Done 7200 211 z.80 3.05 0.18 243 External Bind
] " Done 5400 211 2.80 110 0.18 2.43 External Blind
00 o Done 8400 211 z.80 3.04 0.18 243 External Bind
o0 " Done 00 211 2.80 3.05 0.18 243 External Bind
00 o Done 5400 211 2.80 310 0.18 243 External Blind
| Show uniform items as a single entry *
7 | Total area threshold mi
Start Energy Simulation -

Note that EcoDesigner STAR’s External Blind is an “intelligent,” adjustable shading device that
is activated only when the internal temperature of the thermal block behind its window exceeds

22 degrees centigrade.

Click “Start Energy Simulation,” then view the Building Energy Performance report. Compare

these results with the “baseline” results.

The baseline results are shown on the left side, and the energy evaluation report, including the
effect of the shading devices, is shown on the right.

Fie DSt View Wi e

| # Adobe Reader File Edit View Window Help

ann

—
- H. Dema bidg 71 B8 NYS_shading device only.pdf |

Tools | Sign | Comment D Q E B8 [1]s2¢ |[n3x [+ ot Tools | Sign | Comment |
(] I
Energy Performance Evaluation Energy Performance Evaluation |
[Project Number] Simple Test Busiang [Progect Number] Simple Tes! Buikiing |
'
™ = T [
31.83 : |
8 < |
- -
Mo |
- s |
54 b i
-.. B |
> 1 1y I
e Sall Pechiriins Dl 28 .
y P 4 |
op il . |
Project Enodgy Balance |
Kl Errigy ot Wi Tkt Dby o Wk |
] I gy { | ! ;
e =k .= " b ] |
- . . B 1% . =
L M‘ L Tan _n.,._ " g L x
. +30¢ » ¥ T a0 a |
- et TR . | ] I
vk . 1
o |
o Rpllelie |
' |
a a |
aath i [T re————— f
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Note that the yellow bars - representing solar gain - are considerably lower in the hot seasons,
thanks to the shading devices. This means that less energy is required to cool the interior spaces in
the summer. Consequently, the dark green bars representing cooling energy are also much lower.

Using the method described above for the solar shading, the relevance of other low-energy
building solutions (e.g. advanced opaque building envelope, good details, advanced fenestration)
can be tested as well. The most important results of the isolated solution tests are displayed on
this sensitivity analysis summary spreadsheet, and each is compared with the corresponding
baseline result.

SENSITIVITY ANALYSIS

Heating demand Cooling demand
Yearl Savings Hourly Savings Yearl Haurly Savings
lkwh] [%] [kwh] (%] (kWh] [#] lkwh] [%]
Baseline 61608 65.5 17136 36.5
Advanced envelope 52744 -14.39 59.6 9.0 19100 11.46 36.4 0.27
Good details 1387 -0.36 65.4 0.15 17352 I.ZE:n 36.7 0.55
Advanced fenestration 41870 -32.04 518 -20.92 13908 -18.84 28 -23.29

Solar shading 62146 0.87 65.5 0.00 2530 85.24 178 5123

Savings [%] color coding - legend

50-75%
2550%
0-25%
0-25%
25.50%
50-75%
75-100%

Extra investment

Savings

The heating and cooling yearly demands, plus hourly maximum demands, are listed on the
summary spreadsheet (these values also appear on the HVAC Design Data table of the Building
Energy Performance evaluation report). The sensitivity analysis summary spreadsheet displays
the energy savings in percentages for each of the individual low-energy solutions, compared to
the baseline results. The energy savings are also color-coded: the amount of the extra investments
are indicated by different shades of red, while savings are indicated in shades of blue.
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Note that there was practically no change in heating costs as a result of installing the shading
devices. However, there was a huge reduction in cooling demand — and in related cooling costs -
thanks to the shading devices, in both the annual and hourly values. This allows us to install
cooling systems of lower capacity.

SENSITIVITY ANALYSIS

Heating demand Cooling demand
Yearl Savings Haourly Savings Yearl Haurly Savings
[kwWh] (%] [kwh] (%] [kwWh] (%] [kwh) [3]

Baseline 61608 65.5 17136 36.5
Advanced envelope 52744  -14.39 59.6 -0.01 19100 11.46 36.4 -0.27
Good details 61387 0.3e b5.4 0.15 17352 1.26| 3b./ 0.55
Advanced fenestration 41870 -32.04 518 -20.92 13908 -1B.84 28 -23.29
Solar shading 62146 [__087] 655  0.00 25308524 178 5123

Savings [%] color coding - legend

50-75%
25-50%
0-25%
0-25%
25-50%
50-75%

Extra investment

Savings

The advantage of the “intelligent” shading devices of EcoDesigner STAR is that they do not
shade the windows in the cold seasons, when solar heat gain helps to reduce the heating demand.

Now look at the summary spreadsheet again to evaluate the potential benefits of the other low-
energy architectural solutions considered for this example project.

Using an advanced envelope, we can achieve a huge reduction in heating demand in the cold
seasons. This solution does not help to reduce the cooling demand, though. In fact, well insulated
buildings tend to overheat more often.

SENSITIVITY ANALYSIS

Heating demand Cooling demand
Yearl Savings Hourly Savings Yearl Hourly Savings
[k'Wh] [36) [kWn) [9a) [kWwh) (%) [Wh) (%)
Baseline 61608 65.5 17136 36.5
|advanced envelope 52744 -14.39 59.6 -9.01 19100 1146 4| 027
Good details 61387 -0.36 65.4 0.15 17352 1.26_[‘ 36.7 0.55
Advanced fenestration 41870 -32.04 51.8 -2092 12908  -18.84 28  -23.29

Solar shading 62146  0.87 655  0.00 2530 8534 178 51323

Savings [%] color coding - legend

50-75%
25-50%
0-25%
0-25%
25-50%
50.75%

Extra investment

Savings
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High-end constructional details also have an impact on the overall energy balance.

SENSITIVITY ANALYSIS

Heating demand Cooling demand

Yearl Savings Hourly Savings Year! Haurly Savings

[kWh] [%6] [kKWh] [34] [kwh) [55] [kwh] [%6]
Baseline 61608 65.5 17136 36.5
Advanced envelape 52744 -14.39 i 58.6 -9.01 13100 11.46 36.4 -0.27
|Good details 51387  -0.36 654  -0.15 17352]  1.28] 36.7 0.55]

Advanced fenestration 41870 -32.04 51.8 -20.92 13808 -18.B4 28 -23.29
Solar shading 62146  0.87 655  0.00 2530 [11E8SE; 7.8 -51.23

Savings [%] color coding - legend
50-75%
25-50%
0-25%
0-25%
25-50%
50-75%

Extra investment

Savings

Advanced fenestration, however, makes an even bigger difference to the project’s building
energy balance. Using top-of-the-line windows reduces the annual heating demand by over 30%,
and also reduces the annual cooling demand by 18%.

SENSITIVITY ANALYSIS

Heating demand Cooling demand

Yearl Savings Hourly Savings Year! Haurly Savings

[kWh] [%6] [WWh] [3] [ikwWh) [5%] [kwh] [%6]

Baseline 61608 65.5 17136 36.5
Advanced envelape 52744 -14.39 qp 58.6 -5.01 13100 11.46 364 -0.27
Good details 61387 0.36 654 0.15 1."352| 1.26] 36.7 0.55
|Advanud fenestration 41870 -32.04 518 -20.92 13208 -18.84 28 -23.29
Solar shading 62146 0.87 65.5 0.00 2530 | 17.8 5123

Savings [%] color coding - legend
50-75%
25-50%
0-25%
0-25%
25-50%
50-75%

Extra investment

Savings
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4.6 Determine Project-Specific Low Energy
Building Solution Set

The sensitivity analysis executed for this project and climate shows that we can efficiently apply
the low-energy architectural solution set containing the following solutions:

- advanced building envelope

- upgraded constructional details

- advanced fenestration and openings

- solar shading
Refer to the chapter on “Low-energy Demand Architectural Design” for further details about how
to apply these solutions.

Note: Besides the sensitivity analysis presented in this chapter, other factors also influence
the efficacy of low-energy architectural solutions, such as site conditions, local resources and
availabilities, and budget. All these characteristics should be investigated and considered
when making decisions about the low-energy building solution set.
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5. Low-Energy Demand Architectural
Design

This chapter shows you how to optimize the building project so that the conditions inside meet
internal comfort requirements as often as possible, without the help of any building systems.

We proceed according to the following workflow:

+ Start by creating the Baseline Building reference file

* Apply the project-specific low-energy architectural design solution set
* Run demand calculation that contains performance rating

» Review the energy efficiency benefits of architectural optimization

5.1 Create Baseline Building Reference File

To enable comparative evaluation of a building project, you must first document its “baseline
building” design state.

See “Project-Specific Low-Energy Building Solution Set” for more information about the
“baseline building” concept.

Here is the 3D view of the Baseline Building model in ArchiCAD.
Its energy model is detailed in the chapter.

EcoDesigner STAR User Manual 299



ANNEX 2: EcoDesigner STAR Sample Workflow

Its thermal blocks are listed with their relevant properties on the Energy Review Palette and can
be visualized in the 3D view.

ED star simple test blég 70c DB NY5 [ 4. Loft Mavicator - View Map ||
ED star simple test bldg 70c DE NYS 30 / All B m =i
Mot 1 hacama |

(=]

| » [ 001 Storage basement
» B 002 Staircase

| » 8 003 Retail

| » B 004 Cffice 1

I r B O0GFaL 1
| » B 007 Flat 2 (dusles)
b | 0BFa3
| » B 009 Farq
[ 3 010 Loft
» B 011 Attic
| F 0 ULZ Neigrber building

w Tharma Block Propertias

. ¥ . I, » - B | various | various

The thermal characteristics of the structures and openings are also defined.

With all the inputs ready for demand calculation, it would be possible to execute a successful
energy analysis on this project using EcoDesigner STAR, but let’s save it in Baseline Building
file format instead.

|_ ‘Start Energy Simulation ﬂl

Export to gbXML...

Export to PHPP...

Export to SBEM...

Export to VIP-Energy...
Save as Baseline Buyiding...

The next step is to apply certain sustainable design solutions to the project. The Baseline Building
energy performance is used as a reference point that helps place the building’s energy
performance into perspective.
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5.2 Apply Project-Specific Low-energy
Architectural Design Solution Set

In the chapter on “Project Specific Low-Energy Building Solution Set”, we determined the most
appropriate low-energy design strategy for our example project. Now, the next step is to
implement this strategy for the ArchiCAD virtual building.

Project Specific Low-Energy Building Solutions *

Mixed cooling and heating
0% 20% 40% 60% 80% 100%

2 Optimized building form I 92%
2 Thermal zoning N 8%
= Advanced envelope | I 83%
3 Advanced Glazing | 17%
c Passive solar gain | I 67%
g’ Thermal mass I 75%
8 | Solar shading | IS 100%
= Site vegetation 8%
= Natural ventilation N 92%
° Ground cooling = 17%
2 Windowto wall ratio  EE—— 58%
S Skylights  — 25%
= Solar tubes I 17%

* Statistical data from IEA/SHC Task 40 research

The following solutions will be applied:

» advanced building envelope

» upgraded construction details

» advanced fenestration

* solar shading

Let’s start by upgrading the building envelope of the Baseline Building: this entails using more
advanced composite structures to optimize the thermal properties.
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On the cross section of the building, thermal insulation is shown in yellow.

||

:

|

The Designed Building’s thermal insulation is continuous on all parts of the building shell and is
considerably thicker than the Baseline Building’s. The entire building envelope is insulated. Here
you can study the cross section of the baseline building vs. the section of the building with the

upgraded shell.

BASELINE DESIGNED
BUILDING BUILDING

. L , il
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The pitched roof composite on the Baseline Building is a double - ventilated construction with a
relatively thin thermal insulation skin that is interrupted by the rafters.

In contrast, the upgraded building design features a more advanced, single-ventilated composite
structure with much thicker, mostly uninterrupted thermal insulation.

The Baseline Building has external walls made of 400 mm thick burnt clay blocks,
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while the upgraded building also has a significant external thermal insulation on the outer surface

of the burnt clay block walls.

1l

|

304
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Similarly, thermal insulation on the reinforced concrete external structures at the ground floor
level are also increased. In contrast, the Baseline Building used a much thinner layer of thermal
insulation.

Let’s display the Energy Model Review palette and open the Structures page to see how these
architectural changes affect the Building Energy Model.
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Select an opaque building structure — for example an external roof element - on the Structures list
to see its 3D representation instantly highlighted in the 3D view of the Building Energy Model.
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L) o v ||l 5 2 P A = L I ke -
P LT ULdLaft ot rzof qavd FIRE
ERrs = = i [ Furerrs 0101k [ Ranf_grad 37 fA 375
e = S N Y, L = = )
[P — [EC ULS Lok i vkaet conn 21:8 EA
17 Marguee |: Furetrs LIE: H fand_g end 2108 %35
3 o Eslury 2 013 Ll Akl ven §Er 325
Led ED star simp e test blde ?0c BE NYS 30/ All I e g Rl s
a wall [ ireerat 1Ak BN wirgan s oo ag_pane a7 Fn
Jil_”“ Gir | 013 Lo FEE L Alivit g alt e g _po 57 200
I windaw = v el RIE FoT arumernn wal_gene AT ann
E’ Colamn I: Exierr = aliLan Z ;‘El:ueru Wall g LEED SO0
& Bazm | vereers IRTE sl wibreran dall_gane a1 Al
‘,"‘; Slak |: Eslerr = alLan o TEaser 2 Wall_wwus 1146 00
@ S | e UL Lok amerz Wall gooc M aun
i 2o [ ] [IEL ] Afeed Comes s - Stuctural 12844 200
N lf'l .“ S| el OUdE 2Ed [ k= aFeced Lonarez: - sructunal Ziena 2um
¥ Shod _
R Lo [T rerral LI T Maseiry Bk - Fil EZ R
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In our project, the envelope’s thermal performance must be much better for the Designed
Building than for the Baseline Building. This requires that the designed pitched roof composite
must have better thermal resistance than the baseline flat roof composite.

Go to the Composite Attributes dialog under the ArchiCAD Options menu to review the
structural characteristics of the improved pitched roof composite. Each skin can be individually
edited in this dialog to optimize the composite’s performance.

3] Composite Structures
|l:m @Rool_good »
New... Duplicate... Rename... Delete...

Edit Skin and Line Structure

= 5kin and Separator Il Line Pen  Type X [ .If;l
v Contour { Solic Line 7 E prrr—
: [ Tile - Reaf vl ImBBr|20 -
v Solid Line 87 [1H]
4 |:||:| Air Space v 1 [T ¢ 25
v Solid Line 87 [I'm
: [ _]Airspace v1i [Imi 25
v Solid Line g7 [1Im]
= |:|- Membrane - Ra nproof v 1l @ B 1
v Solid Line 87 [l
Dl:l Insulation - Mineral §... v 1 @ i 203
Solid Line 87 [Im]
Dl:l Membrane - Vapor Ba. . v 1 E| W] 1
Solid Line ez [1m]
Ell:l Air Space v 1 @ W] 25
v Salid Line g7 [Im]
DI:I Gypsum Plasterboard v 1 @ i 25
Contour { Solic Line 7 |ﬁ|
. |
Total thickness [mm] 325 Use With:
Insert Skin Remave Skin % %f-@\ o
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Also, review the thermal performance of the upgraded roof composite using the U-Value

Calculator. In this dialog the thermal properties are automatically assigned to the composite

skins, and the overall heat transfer coefficient of the composite is automatically calculated.

U-value:

.0 U-value Calculator

Assign physical properties to each composite skin:

Skin Name Thickness Thermal conductivity [... Density [kg/m’]
1.0000 2000.00

[ Jair space 25 R 0.1500 1.20

[ ] air space 25 0.1500 L.20

[ Membrane - ®... 1 0.1700 1390.00

] nsulation - mi... 203 0.0380 1450

] membrane - v.. 1 0.5000 980.00

[ air space 25 0.1500 1.20

[ Jcyosum Plaste... 25 0.8000 1600.00

External heat transfer coefficient: |24.00 W/m’K

Internal heat transfer coefficient: | 10.00 W/m’K

Thermal bridge effect: 0.00 W/mK

Heat capacity [J/kgK]

800.00

1008.00
1008.00
900.00

1030.00
1800.00
1008.00
1000.00

-

0.17 W/m%K

Cancel | OK |

If needed, these properties can be modified via the U-Value Calculator to change the composite’s
overall thermal performance. The built-in Material Catalog can be used to assign different thermal
properties to the skins or to fine-tune the assigned values based on exact building material

information (e.g. manufacturer’s data). This further enhances simulation accuracy, which is
especially useful in the final phases of the design.

| Thermal Property Assignment |

Assign physical properties to Building Materials:

¥ BuildingMaterial Name

Thermal conductivity [W/mkK]

Density [kg/m®] Heat capacity [J...

[ ] Mermbrane - vapor Barrier 0.5000 980.00 1800.00 . R
v [ |l Membrane - Waterproct 0.2300 1100.00 1000.00 infiltration [I/sm’] 5k [a-
v [ insulation - Plastic Soft 0.0400 25.00 1400.00 0% - Ca-
v [_][]insulation - Plastic Hard B 00400 25.00  1400.00 | - e mErceii
v Insul ~ ~ e - -
LI = WaWa¥s) I Material Catalog I
v l:l. Mer
v D.G"‘" Select tha best matching item from the catalog:
v l:":l’“’f Thermal conductivity [W/mE] Dersity [kg/m*] Heat capacity [J/«gK]
v[Mrein | b METALS
v|_[[Tile| P PLASTERS AND RENDERINGS
v [ Piast [» ROOF TILES
| I RUBBLRS
+[H Mast |, SEALANTS
« [ Gyes b SOLID PLASTICS
[ Jriast | b STONES
l:":l 5t0; == THERMAL INSULATIOM-CLASS WOOL
| ELEVATION GLASS WOOL 1 0.0400 14.00 1030.00
DDA"E FI FVATION C1ASS W00 2 n.oiin 23i.0n mnin.nn
[ ston ELEVATION GLASS WOOL 3 0.0330 50.00 1030.00
DD Tird ROOF GLASS WOOL 0.0380 14.50 1030.00
[T sted INACCESSIBLE FLODR GLASS WCOL 1 0.0350 13.00 1450.00
] INACCESSIBLE FLOOR GLASS WCOL 2 0.0380 14.50 1030.00
[ steel ACCESSIBLE FLOOR GLASS WOO_ 1 0.0330 64.00 1030.00
[ ctas ACCESSIBLE FLOOR GLASS WOO_ 2 0.0330 115.00 1030.00
[Jlseil| P THERMAL INSULATION-MINERAL WOOL
] was [> THERMAL INSULATION-MULTILAYER
| [T ML AR I AL EEAAL BN MK LN rriamme
[JMsan
Cancel kk OK |
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As the result of the composite structure enhancement, the Designed Building’s pitched roof has
a relatively low overall heat transfer coefficient (or “U value”), which translates to a relatively

high thermal resistance or “R value”.

0 U-value Calculator

Assign physical properties to each composite skin:
Skin Name Thickness Thermal conductivity |. Density [kg/m’| Heat capacity )/ kgK]
[ I Tile - Roof 20 1.0000 2000.00 800.00
[ air space 25 0.1500 1.20 1008.00
I Jair space 25 0.1500 1.20 1008.00
Il Membrane - &... 1 0.1700 1390.00 900.00
Il M insulation - Mi... 203 0.0380 14.50 1030.00
[T ]membrane - v.. 1 0.5000 980.00 1800.00
[ ] air space 25 0.1500 1.20 L008.00
[T cyosum plaste.. 25 0.8000 1600.00 1000.00
External heat transfer coefficient: 24.00 W/m’K

5 U-value:
Internal heat transfer coefficient: 10.00 W/m°K

i 0.17 W/m®K
Thermal bridge effect 0.00 W/mK k

Cancel [ oK

The next solution to apply in ArchiCAD is to improve the construction details. In this
presentation, the balcony detail with the thermal brake is used as an example.

Note that we have already run the thermal bridge simulation on the baseline version of this

detail in the previous chapter.

The advanced balcony detail features a much thicker thermal brake at the balcony slab and
additional thermal insulation on the external wall surface.

Mawigator - View Map

Balcony Detail e T
Trei irny Flans
b [l 3zructural Mans
[ e R RTE
[&] = evations
nterion Elevation:
[FE] Morksneets
[=] Zetails
[ 3L Documerts
EH Seneric ersoecti
53 Froatal Axoneme

] ndewes

LW 11 B

QHDEZ Boneson'y
L 03 BEM S
G+ 04 BOM NE

T J5 B-E section
7700 A-A Sectien
07 JEb £-A compar
707 A-A zoomes
| 08 p-02 Deral
}& 2Eb Detal compe

E ¥
- Properties

= 03 D-02 Detal
& cetel
w10

1o L3 Buiiding Aans

Inside Outside

Scttirgs .
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Let’s run the thermal bridge simulation on this improved detail using the wizard.

First, identify the external and internal spaces, using the blue and red colors, respectively.

o Thermal Bridge Simulation

Praview for k= [ Reta 15V N-N2 Detail Independent
_Q_ Boundary Conuition - Internal Air

Define nternal air area oy clicking on
the preview arez.

B : qiiics salacred v

Intzrmal gir temperature:

I —_—
N TEEF %

Inzarmal heat transfer coefficient:

1E.00 Wymik

Cancel < Frevious Next i‘—

All elements of this construction detail are listed with their building materials on the left side of
the dialog. Select the items on the list to highlight them in the preview window. If needed, assign
or adjust the thermal properties of individual detail components.

(5) Ther mial Bridge Simulation
Assign physiczl prozertes to used 3ulldirg Preview for I [ Detals\D 02 Detail [Independent)
Marerials:
Skin nama Propercies
“Tinsulation - . W Assigred
-
" wascnry Slo... * Assigred E———
T linsulation . w Assigred
| |Plaster -1 & ¥ Assigred
:D['ire Mroofing “Assigred
“Tcenerere v Assigred * s,
"M wVembrane... v Assigred
_|_|;\i’ Space .. whssigned
_I_lTle - Fouor ¥ Assigred
:Dlrs.llatl'an =i “Assigred

Tnermal Proparty Assignment... o

Cancel < “revious Next >
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EcoDesigner STAR uses a so called “adaptive mesh technology” for the thermal bridge
simulation. This means that the grid layout of the calculation sample points is automatically
denser at the composite junctions than at other parts of the detail. It is also possible to adjust the
calculation grid’s reference density to the thermal bridge simulation faster.

Thermal Eridge Simulation

Simulation Opliens

I?ishuw grid contours in Preview
Crid size:
—_— 1

Less detailad Mora detalled

Note: Choosing “Mora derallad” provides a Fore
accuratz result, but may take longer to gererate.

Praview for e [\DetailsyN-02 Detail (nzenenzent)

0k &y

Cancel < Peevious Stert Sirulation..

Now run the thermal bridge simulation for the improved detail to obtain the corresponding linear
heat transfer coefficient and result diagrams. The color-coded Temperature Diagram shows more
consistent temperatures for the designed detail than for the baseline detail.

T ]

Thermal Bridge Slmulathoa

Simlatior Resu ks

Shew Resulrs for

!ﬂE Termpersiee '
|

ﬁ. Crergy floee
. |
n 4 8
Pei-valus:

Numnber of ileral ons:
Relarive Lnbhalznce:

Asvrimery ndzx:

[d K

12 16
024 Wimk

7

2332261 %

o0

0000127 ¥

Praview for ls A\Dretails!, =02 Detzil (noesendenty
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The Energy Flow Diagram only shows minor energy flow (represented by shades of red) at the
top and the bottom of the thermal brake.

aWal:] Thermal Brldge Simulatian

Brewirw For 2 \Dalzils\D-0Z Detail (ndupen dend
Simulation Fesu s

Shww Results for:

EE Temperziuee "Gl

Energy flow Wi mE]

ARD G40 0D 13 161 2

Psi-value: 024 W /mE
Number of lreratians: 722

Relative unbalance:  Q.OCDL27 %
Asgmriet oy ladee: EXTE

To affect the overall energy balance calculation, attach the thermal bridge to the thermal block
where it occurs.

X3 Energy Vodel Review — Structa-es
By 2 = E e
| BB Thirmal Blicks ,m [ Operirgs |

Iype Din=nTanon ategary Ihermal Biock PR v &rea ] hockress [rm] H-value [Wia <1 ¢
Eﬁ Wil Moth |_| External 004 Offica 1 m DExternal Wall_good 382 510 @ 012 1
sailub T 1009 7L |:| rlerrng 006 Fla. 1 E.Rtillfuru:u Comrele - Sructural 128,44 230 @ 4.03 €
<2 Slab lamer {004 D, D rtarna 006 Flaz 1 E.Reinforced Cancrete - Struztural 128,44 230 @ 403 C
t%'u'.'.lll Iamer (07 71 D FTRFAl e Flar 1 E.I\.umnr\.- Rack - Fllrr Fe.44 Fn @ nss

Sy wall  lner (002 5t ] rterna 006 Flaz 1 | [ Masanny Bock - Filer 1e.60 200 @053 k|
iy e 1 D-02 Detail €000 m I
E& Wall Suuth |:| rierrial 006 Fla. 1 DEALerral Wall_ysud 3109 300 @ 0lz 1
Eh Wall Ezst D Zxrernal 00E Flaz 1 @[khmal Wall_good 22.40 210 @012 1
Eﬁw.ﬂl wacT |:| Ferernal n0f Flar 1 B ] mrerernal wal_gend 13.19 a0n & niz 1

On the Thermal Blocks page of the Energy Review palette you can see that the example balcony
detail belongs to the thermal block that represents flat number 1.
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Use the Structures page

o1
o0z
a0z
ane
006
7y

1 aug
ane
20
a1

j oz

“meray Mnde

gurcond tesed_fised moa bemo_mas temp it

hare ireration Prafil=

ttorege bascmeont

Shdiv e dur cond et ed _fixed mon bemy_ras weenp lin i
Hatal “Retal shog|cepartrrent store

offize 1 EPwerscnal nllice

Flat 1 wihiesidantal

Fli # (g, ERew et

Flaz 3 wFes dentizl

Fla- 4 GRes dentiz |

Laft ERes dentizl

Attir Fureond tio-ed
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* to assign the previously completed thermal bridge simulation results to this thermal block;

and

* to specify the length along which this thermal bridge occurs.

a
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[Cl #eintercad Concrete - structural
I:. Reinfonczd Concrete — Structural
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23.04 A0C w030 C
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34.44 200 f .55 H
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Cem

This way, EcoDesigner STAR incorporates the effects of this thermal bridge when performing the
energy simulation for the building.

The thermal bridge simulation results can be used to compare detail solutions. Let’s compare the
baseline detail version with the improved version.
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Here are the two architectural detail drawings side by side.

BASELINE BUILDING DETAIL DESIGNED BUILDING DETAIL

EE—

'Mi”m'
gt

N T

o | e | %
| I I | 1
| |
Inside Qutside Inside | Outside |
.E = ‘.ﬁ il r il '

The baseline version is on the left: it has no external insulation and has only a thin thermal brake
at the balcony. The improved detail solution on the right has a thicker thermal brake, with a
thermal insulation skin added on the external wall.

If the thermal views of the two details are placed side by side, the energy efficiency benefits can
be clearly identified.

2 D-02¢ Detail / Drawing

BASELINE BUILDING DETAIL - Thermal View

Temperature Temperature
[°C] [°C]
8 1 1 2 8 1 1 2
2 6 0 2 6 0

In the improved detail, the masonry block wall is protected from the dynamic effects of the
external environment by the additional layer of insulation. The thick thermal brake at the balcony
slab forms a continuous protective skin that envelops the building. The masonry wall’s external
surface is less protected from the temperature changes and the thermal brake at the slab
connection is not thick enough to prevent the thermal bridge effect.
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Below, the energy flow views display the linear heat transfer coefficients. These describe the
details’ thermal performance. For the baseline detail, the linear heat transfer coefficient is 3 times
larger than that of the improved detail. In other words: the baseline solution’s thermal resistance
is 3 times poorer than the improved solution’s.

BASELINE BUILDING DETAIL - Energy Flow View

DESIGNED BUILDING DETAIL - Energy Flow View

Energy Flow [W/m?K] Energy Flow [W/m?K]
00 12 24 37 49 B2 00 04 08 12 16 20
0 4 9 3 7 1 0 0 0 1 1 1

It is recommended to perform thermal bridge analysis on all critical details of the building
project. Then incorporate the results in the overall building energy calculations. This will also
help avoid local thermal comfort issues and condensation problems.

After upgrading the building envelope and designing more advanced details, let’s see how to
improve the thermal characteristics of the fenestration.

Let’s select all windows on the Openings page of the Energy Model Review palette. All windows
are instantly highlighted in the 3D view.

Dema bldg 71 DB NY5 3C / All

S— |

Energy Modzl keview - "penings
R
| i Thermal Blocss LY Structures m

| orisrrarion ww Therma Rlack w Opeque Area () Clazed area jr’ Tara arsa ') TATH MaTH S0l
_| WestUp 0.0 Loft 0.L3 1.23 142 L5200 40,00 |&
1 WestUp 0.0 Loft 0.13 1.23 L42 52.00 40.00 ¥
West Up 0.0 Lot 0..9 1.23 L42 53.00 4C.D0 =]
| Wast Up 0.0 Lott 0..9 1.23 L42 32.00 40.00 ~
South Up 0.0 Lott 0.L3 1.23 L42 52.00 40.00 i)
Bouth Up UL Loft u.Ly 1.3 Lad 3200 w.0U e
* south Up U0 Loft u.Ly 1.23 132 s2.00 000 ¥
south Up U_U Loit ULy 1.3 L3 s4.00 40,00 ¥
" south Up 0.0 Loft 0.18 e 142 5200 a0.00 &
Sourh lip oo afr nis 1.23 1.47 372.0n 4000 (
Macth Lip 0" 0 infr nia 1.23 1.47 52.000 40.00 =4
Noth Lip 0" nlah n.ia 1.23 1.47 3200 0.0 v
= Eesl Up 0.0 Lol 0.13 1.23 L4Z 52.00 4C.00 (
X Eest Up 0.0 Lult 0.18 1.23 L4z 52.00 40.00

Show uniterm iters a5 a sing'e entry

o | Tota arca threshold: mé
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Use the Openings Catalog to assign different performance data to all windows of the project in
one step. For this example building, we specify advanced triple glazing with high-end frames for
all windows and glazed doors.

MO0 Operings Catalcg
| ©° Select tha bact rratching trarsparent [tem from the catzlog:
s r |
@H o [ Iyp2 —-va uz(WimE 151 % [T ]
| I Glazing - singhe
= o I Glazing - doukle - basic
“Opae e Arwa frn’ | Glsed Area [in 1Tl b Glasing - doubhe = stamdard
n.1a 1.73 [+ Glazing - double - premium
0.19 123 |7 ulazing - triple
Al - clezr X N ol 1%
Jothd L | Argon fil  clear 07000 1 a6
0.19 1.23 Argon fill - clear - low E
o Keromfill - dear - ow £ 0.3000 50 39
I 3. I Pulprarbomane .
0.19 L.23 boaceyic
| Fibargl, - t
e 15 l [+ kibarglass - composite
0.19 L23
0.13 123 - — ———— . — —_— —
0.19 1.23 EE Salact tha bact rratching opaqJe item from the catzlog:
019 123 [ Iype U-vzlLeW/mik]  Jmi-wzli. | Irfiteation [, sm
0.1 L2 = Frame - wood
Traditiongl 2.5000 0.2100 2.7700
Lk L Ratwit 71100 o.1Fan 1.4307
0.19 121 s1andard 1.87C0 0.1500 0.7202
; Premium LbsLy v.LUY 02800
AT Lk, Ultimata 0.7200 0.0000 0.1200
0.43 1.82 | Frame® plastic
s ST [ Frame - metal
lr Fratry daor
0.56 304 lr Garage doar
(I L.H2
nds 1.57
nasg 1K

ArchiCAD calculates the overall heat transmission value and the infiltration around the frame
perimeter for each opening individually, based on the individual ratio of the transparent area and
the opaque frame of the opening.

P Eneray Mode Review = Oosrings
Ll o]
| B Thermal Glocks 10 Structures M
GATH  Sola Ancdysin Precimeier fmm] Dy evale (80 Garing Lesiie 00 Coenall Tova we Wy K] I3
.60 a2 . ‘

52.00

EcoDesigner STAR User Manual 315



ANNEX 2: EcoDesigner STAR Sample Workflow

As a result of this model-based geometry data takeoff, the automatically generated input of the
openings’ thermal and infiltration characteristics for energy simulation is very accurate in
EcoDesigner STAR. For instance, the overall U value of a balcony door is slightly different from
the overall U value of a window, because their glazed area to frame area ratios are different.

] Energy Model Review Openings
B T
Bs Thermal Blocks ¥ Structures m

5T% Solar Analysis Perimeter [mm] Opacue U-value [W/... Glazing U-value [W/... Overal U-va ue [W;m"<] Ferimeter Psi-value W, .. |
0.00 /Done 4600 0.7z 0.60 0.91 0.09
0.00 o Done 4600 0.7z 0.60 0.91 0.0%
0.00 o Done 4600 0.7z 0.60 0.91 0.049
0.00 (Done 4600 0.7z 0.60 0.91 0.09
0.00 ,/Dor‘-e 4600 0.72 0.60 0.91 0.09
0.00 o Dene 4600 0.7z 0.60 0.91 0.09
0.00 (Done 4600 0.72 0.60 | 0.91 0.09
0.00 o Dane 4600 0.7z 0.60 091 0.09
0.00 o Dane 4600 0.7z 0.60 091 0.09
0.00 (Dor‘.e 4600 0.7z 0.60 0.91 0.09
0.00 ,/Done 4600 0.7z 0.60 0.91 0.09
0.00 & Dona 4600 0.72 0.60 081 0.09
u.uu o Lane 4bUU [V L.l .91 0oy
10.00 0.72 0.50 o.n 0.09
n.o0n o Dane 7200 n7z n.an E n.0a
0.00 o Done 5400 0.7z 0.60 0.84 0.09
0.00 /Done 8200 0.72 0.60 0.79 0.09
0.00 »" Dane 700 0.7z 0.60 0.80 0.09

The infiltration around the advanced window’s perimeter is also reduced: this reflects improved
technology of the more expensive high-performance windows and glazed doors.

We also applied external blinds for all openings of the building shell.

] For gy Minlel Reviern — Dpemings
CaNEE == @
| By Thermal Blacks  TT Structures rﬁ-!;ﬁ;m?
L1 Lalar Anziyeis Periprater [Fem] Opacuz J-valse (W . Lazing U-wzlue [We... Overall U-value [W) miK] Pesiwatar Ps -value (W0, InFlesat o [ om Shading Levice
0.0 & Done dEDD C.¥z 0a0 (=31 .o 0.lz Exrte-nzl 3ind
.16 fl')lm- 4F07 [l 0 A rel e nte Frieonel Ainid
0.0 & Done 4£00 c72 0 &0 col 0.00 0.2 Extenzl Aind
.00 & Bane [ARLLE 0.72 o] Lsl oo 0.12 Cxternal Blin
1.1 {I’)lr-v A0 rF? nAn R e ntz Frie-nel Aimil
0.0 & Dane 3400 o 0 a0 C.E4 0.0% 0.2 Extenel Hind
0.ug " Lone 200 Lo U bL Loy U u.l2 bxtenzl dlind
0.00 ( Done 7200 C.7z o &0 C.EO 0.oe 0lz Exte-nzl 3ind
0.0 « Done 3400 C72 0ag C.E4 0.02 0.1z Lwrenel Aind
0.00 & Done 5400 C72 0 &0 C.EL 0.02 0.2 Extenel Hind
0.00 ( Done oo C.7z o a0 C.Ed 0.02 nlz Exte-nzl 3lind
.00 & Dane 5407 rFr n Ao rR& n.ie niz? Faienel Aimi
0.0 & Done 7200 C72 0 &0 C.ED 0,00 0.12 Extenzl Hind
.ug ( Lone Loraun Liwd [R-10) Ll [INL 012 bxtenzl dind
.00 fl')lm- IS720 [l 0 An 178 e nte Frie-nel Aimid
0.00 & Dane 7200 [ 0 a0 C.ED 0.0= 0.1z Extenzl Aind
g ( Lane Eledun Lol [R-10) Ly [T nl2 bxte-nzl dind
0.00 ( Done zlzz0 C.7z (=) 1Lz9 0.os 01z Exte-nzl Aind
. .‘f e 407 [y [1arly rEd .= niz Fxre-nal Aind
0.0 & Done L5720 o 0&ad 1z8 0.02 0.12 Exreonzl Aind
0.00 " Dore L5720 c.7z [-1a) 128 oos olz Extenzl Aind
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This “intelligent” external solar shading device is only activated during the periods of the hourly
energy simulation when the internal temperature of the thermal block adjacent to the opening
exceeds 22 degrees centigrade. Thus, the shading device helps to minimize overheating in the
cooling season, yet does not block heat gain that is welcome during the heating season.

Before running the building simulation that executes the demand calculation, display the
Building Systems dialog box. Make sure that all heating, cooling and ventilation systems
assigned to the project’s thermal blocks are set to “Not Yet Specified”.

0 Energy Evaluation - Building Systems
Expert view 3
Name AType B Ventilation System Settings

| Heatin Central 0 .
| 6 o I (=) Not Yet Specified or Natural I

& NYS Not yet sp... 8 e = TR
| echanical t .

£% Cooling_Office Local 0 BRISHOTIaENCEWe
| &% Cooling_Retail Local 0
| &5 NYS Not yet sp... 7
| @ Attic_Matural Notyetsp... 1
| & Basement_Mech Mechanical 0 Assigned Thermal Blocks
[l & Basement NYS Not yet sp... 1
| 3 Flats_Natural Mot yet sp... 5 001 Storage basement
| @ Offices_Fresh Air Mechanical 0O
| ® Offices_NYS Not yetsp... 1
| @ Retail_Mech Mechanical 0
| O Retail_NYS Mot yet sp... 1
| @ Staircases_Natural Notyetsp... 1

MNote: Drag Thermal Blocks in crder of precedence.
Assign. ..
Create New. .. Delete » Cancel | 0K |

5.3 Run Energy Simulation (Demand
Calculation)

The goal of energy demand calculation is to determine the necessary heating and cooling loads.
If these loads are small, then the thermal conditions inside the thermal blocks are within the
comfort range defined by the operation profiles. In other words: the building does its job well and
provides shelter and comfort to its users without the help of the heating and cooling systems.
Since building systems consume fuel, the less often they need to operate, the more energy
efficient the project becomes.

The Designed Building model - with upgraded characteristics - is ready for energy evaluation.
Before starting the simulation, let’s create the Baseline Building reference file to enable the
direct comparison of the improved design’s performance with the baseline model’s performance.

To create the aforementioned reference file, the project archive, with baseline parameters, must be
opened in a separate instance of ArchiCAD. The appearance of the Baseline Building is the
same as the Designed Building, but certain architectural solutions (the structures, details,
openings and the solar shading) are far inferior compared to the improved design model.
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Save the baseline design in “baseline building format” (.BAS) for comparison purposes. This
option is available next to the “Start Energy Simulation” button of the Energy Model Review

palette.

Now, return to the improved project. After clicking the “Start Energy Simulation” button, the

“Simulation Setup” dialog appears.

Import the Baseline Building reference file. Use the browser to locate the previously created
“External Baseline Building” BAS file. Then click Continue.

Simulation Setup

Il Blind

Select Baseline Building generation method:

No Baseline Building

(= External Baseline Building

ED star simple test bldg 70c BB NYS.bas

Don't display this dialog again

Cancel

il Blind

L[ Blind

1I Blind

Browse... g Blind

il Blind

| Continue.... | jBiing

o0 (012 [External Blind >

0.09
0.09
0.09
0.09
0.09
0.09

n.ng

0.12
0.12
0.12
0.12
0.12
0.12

niz2

External Blind
External Blind
External Blind
External Blind
External Blind
External Blind

Fxtarnal Rlind

| Start EnergiSimulation v
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After the energy simulation is completed, the Energy Evaluation report dialog opens. Before
saving it as a PDF document, specify the Energy Performance Evaluation report’s content,
.by checking the desired report chapters on the dedicated panel.

(3] Frnlesigner* - Fueluaiion Repart

Headar and Footer
¢ Report Formart ‘
Report Chaptars |

(Page Break; -
Daily Temoerature Frofle 12
(Page Dreak! -
Energy Con.. by Targets 23
Energy Cor. by Soarces 24
(Page Break;] -
Renewablz Energy Sources
Baseline Performrance -
Frvironmental Impart -
Energy Con_..and Savings -
: Baseline Energy Coste -

¢ LI Adv sory Messages -

[5elect Craprerts) tn Repoit-| Energy Perfcrmance Evaluation

$ [ Key Values 1 [Project Mumber’ Sims e Test Duiloing |
4 [l Project Energy Balance |
<& Thermal Blucks 1

= [ TH Key valuas 2 |
. (Page Break) Emargy Uss Linis s 5‘7: 3 ri |
# ¢l TO Cnargy Balance 6 - |
3 Wl HVAC Mesigr Datz 11 1176

O0JCO EE ®

10284008

2433427 4.2%

Ade [Remove Pase Break WL
Chapter Scthngs
1
Energy unit lWh =
2 ' R[] 25725 [+ M
Import; Export Format Setrings > Close | Save as POF... -

» The Project Key Values chapter is important because it contains the high level overview of the
calculation results.

» Also, include the Project Energy Balance chapter. We can toggle between monthly and
weekly energy balance time interval display.

* The Thermal Blocks chapter provides general information about the building energy model’s
geometry and operational profiles.

* The Thermal Block Key Values chapter displays the most important energy efficiency data
about each thermal block.

* The Thermal Block Energy Balance chapter includes colored diagrams showing the supplied
and emitted energy flows of the individual thermal blocks. You can define which thermal
blocks to include in the PDF.

The thermal block level output makes EcoDesigner STAR a very powerful tool. The Thermal
Block Energy Balances provide an excellent way to visualize how each part of the building
contributes to the overall building energy model. By controlling each thermal block’s
performance individually, the architectural design can be optimized to the point where the project
can meet even the most ambitious energy performance targets (e.g. LEED Platinum rating, net
Zero Energy Building operation etc.)
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» The HVAC Design Data chapter provides very important information about the annual and
hourly heating and cooling demands of the thermal blocks. This data can be used for
building system sizing. The internal thermal condition data (maximum and minimum
temperature values and unmet load hours) of the thermal block also appear at the bottom of
this chapter.

* Daily Temperature Profiles

» for the thermal blocks can be shown for specific days of the reference year, with
corresponding internal and external temperature profile diagrams. Generally, the specific
days are the days of maximum heating and cooling loads, as well as one typical day for each
season (e.g. typical summer day).

* The Energy Consumption by Sources and by Targets chapters display information about the
fuels consumed by the building systems to maintain required internal comfort conditions.
Currently, fuel consumption other than electricity appear as “Not Yet Specified” since
building systems are also set to “Not Yet Specified” for the energy demand calculation.

* Finally, select the “Performance Rating Table” chapter. This table compares the energy
performance of the Designed Building with the Baseline Building. The energy use savings
caused by the implementation of the Project-Specific Low-energy Building Solution Set also
appear in this chapter.

The energy use savings data can be used as input for return of investment calculations.

Architects can now easily execute these ROI calculations and use the results to answer one of

their clients” most commonly asked questions: “How long does it take until a certain solution

pays for itself and starts generating profit?”’

Save the customized Energy Evaluation Report as a PDF document.

Before proceeding to study the energy efficiency benefits of architectural optimization, let’s
review the Energy Evaluation Report document content for demand calculation, at the design
development phase.

These are the relevant project level results:

* Project Key Values,

* Project Energy Balance,

* Thermal Blocks list

* Performance Rating Table

* Fuel Consumption by Targets and by Sources tables

The following chapters contain the thermal block level results of the energy demand calculation:
» Thermal Block Key Values,

* Thermal Block Energy Balances,

* Daily Temperature Profiles for the most important days of the reference year
HVAC Design Data
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5.4 Review Energy Efficiency Benefits of
Architectural Optimization

Now compare the energy performance of the improved project (on the right) with the baseline
project (on the left).

Energy Performance Evaluahon

1 Numbar] Simpls Test Buil

Energy Performance Evaluation
[Project Number] Simple Test Buiding

Key Values

The Project Key Values chapters show that — due to the improved building envelope — the
building shell’s overall heat transfer coefficient is significantly (about 60%) lower for the
improved project. As a result of the building envelope’s higher thermal resistance, energy
transmission (represented by light brown bars on the Projects’ Week Energy Balance diagrams) is
dramatically reduced, and this in turn decreases heating demand.

Prosbaea e
[ ] " P! -l.: |
" S S o L
II| et " ey % II - II| IIII'llIlIrl |l|'
. _ wall ., T i s
w1 100 Uil ' :
= [ ]

Next, compare the airtightness of the buildings. The overall infiltration at S0Pa (Pascal) pressure
difference dropped dramatically, from 3.46 to 1.0 ACH. Consequently, the infiltration bars -
represented in light blue on the Project Energy Balance diagram - are proportionally smaller.

ary Energy 68 82
Building Shell Performance Data Fuel Cost 2.32
& £1

Project Energy Balance
[ Supplied Energy per Week
! ' il B e
y oo plonsing
IIIl |III ll|l|l||l||||l|. y L 1000 267472 12
e O B ol B R i
-
1
- Ely LR
Emitted Energy per Week

EcoDesigner STAR User Manual 321



ANNEX 2: EcoDesigner STAR Sample Workflow

There is a significant - around 50% - heating demand reduction in the improved design.

Project Energy Balance
Supplied Energy per Week
Tl l A 00 ot
|||| “l._ i e
114 ® .

Please note that the scales of the Energy Balance Diagrams are not identical. If you re-scaled one
of the diagrams to match the other you would notice that the heating bars - represented in red - are
significantly shorter in the improved design. The annual heating demands (shown next to Energy
Balance Diagrams) and the specific net heating energy values (displayed under the Project Key
Values chapter) document the dramatic reduction in heating which results from the improved
building envelope.

Next, review the benefits of the solar shading. Thanks to the smart shading devices, the
unnecessary heat gain throughout the hot season is dramatically reduced (as represented by the
yellow bars of the Energy Balance Diagram). Consequently, less cooling energy is required
during the hot periods of the year.

Project Energy Balance

phed Energy per Weedh

' e oy, n Y
|il|.|| L1 II||| o,

""‘*"'
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Project Energy Balance

. plied Energy per Week Y -
m b
"'I u ® -.. an Heat G
"F H N { ¢ :‘. s
s [
S Iy e T -.'.i _l‘-_". A

i3

The ArchiCAD Object Library contains plants with seasonal behavior. Since the program’s
model-based Solar Analysis function determines the shadow mask on each opening in every
hour of the reference year, these dynamic tree object models can also be used in any design
project as smart, seasonal shading devices.

This simple diagram illustrates the seasonal shading effect of deciduous and coniferous trees on
the solar irradiation of openings.

Plantslwith Seasonal Beh_avior

l
; | ;
Iu'll*llall
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This very simple building has three large South-facing windows, with different types of trees in
front.

The solar irradiation charts demonstrate that deciduous trees with denser crowns (more leaves)
cast larger shadows on the openings throughout the year.

Crown densities of deciduous trees vary during the seasons; they shade windows more effectively
during the summer. In winter, however, they lose their leaves and provide less shading, which
allows more heat gain through the transparent surfaces in the cold seasons.

ArchiCAD’s model-based Solar Analysis also considers the tree’s position relative to the
window.

Note the difference in the solar irradiation charts for the different windows: the tree on the
right side of the South-facing window provides shade in the morning; while the tree on the left
provides shade in the afternoon.

Note that the tree in the lowest row is an evergreen. Evergreens do not lose their leaves in the
winter, and this fact is reflected in corresponding solar irradiation charts!

Besides reducing heating and cooling demands, our architectural design solutions also improve
the internal thermal comfort conditions.

For example, let’s examine the thermal block of the staircase.

In the baseline building, the staircase block must be heated throughout the entire day of February
15
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In the improved building, however, there is no need for heating from 8 AM in the morning till 6
PM in the afternoon. The internal temperature - displayed in light blue on the Daily
Temperature Profile diagram - remains within the comfort zone (the red color on the diagram)
without any additional energy input.

Now compare the Daily Temperature Profile diagrams on May 1 - a typical spring day at the
project’s location.
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The temperatures inside the staircase block of both buildings are within the comfort zone on this
day. In the improved building, however, the internal temperature is slightly higher and thus closer
to the optimal comfort temperature.

In contrast, on a typical summer day, the baseline design’s staircase block is unbearably hot all
day long.

Yet in the improved building, the internal temperature of the same thermal block remains
comfortable - and steady — even in the summer.
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In the fall - similarly to the spring scenario — both designs provide sufficient thermal comfort,
although the temperature in the improved building’s staircase block is slightly higher.

002 Stawca Movember

| T T
002 Staircase - Novémber 1 l
Min 8 80 Ma
s — Min 17 Max
| W eray
ﬁ‘“___ -

Finally, examine the Staircase Block Key Values. In the baseline building, cooling is required
throughout 20% of the entire year for this thermal block.

002 Staircase - Key Values

Geometry Data Heat Transfer Coefficients U wvalue
5ross Floor Area 18 80 Floors 488 -488
Treated Floor Area 21.24 m* Externa 023-030
Shell Area 96,95 m? nderground 0.31 -0.31
Ventiated Volume 355.70 m* Openmngs 3.16 -4.03
Glazing Rat 24 s
Annual Energy
Internal Temperature Heating 330.70
Mm. (08:00 Jan_01) 5.00 "C Cooling 0.00
a ','-'.r" 'S "3
Max. (09:00 May. 30 37.04 G Peak
Heating ) 488
Degree Days Cooling (01:00 Jan. 01 0.00
Heating (HDD 4748
Cooling (CDD 1181 Unmet Load Hours
v gle 0 ; <3
| 1253 hrs/a |
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In the improved building, there is no need for any cooling in the Staircase Block.

002 Staircase - Key Values

41.22
21.72 Extemn
95.03
344 02 .
24
Annual Energy
2.00 g
(& 17.14
Ma 284 Peak
-"‘.‘I s :' L=
Degree Days | 0 1
He at DL 4748
D 1181 Unmet Load Hours

& 3t

Heat Transfer Coefficsents

C nrs'a

After reviewing the energy performance consequences of our architectural design solutions, we
can conclude that the enhancements have been successful in the example project.

The most significant benefits come from the lower annual and peak heating and cooling loads.
The Performance Rating Table lists this data for every thermal block of both design versions,
together with the energy savings achieved in the improved building.

The numbers speak for themselves: 45% reduction in the annual heating and nearly 85%

reduction in the annual cooling demand.

Performance Rating Table

BaseLine Building
Results

Proposed Design
Results

Units

Energy Use

3172.59
Heating
l Cooling —
' B - I- E:
service A ate 5.00
0.00
Ventilation Fans
l Lighting
' Eq‘ -
Total Annual Energy Use: (kWh/a) 59539.17
Annual Process Energy: (kWh/a 23311.94

Savings

103940.08

24356.27
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The Office thermal block’s Energy Balance Diagram is a good illustration of the reduction of
annual total energy flows. The result is an office with better thermal comfort conditions and
reduced energy consumption.

004 Office 1 Energy Balance

Supphed Energy per Week
4
l'l
.il

e

ll‘ll_“‘n#'lfnv.lv il ‘
Tl II |

i7T.2 bW

When you view the HVAC Design Data table of the improved design, as compared to that of the
baseline building, you will notice a significant reduction in energy demands on the thermal block
level, as well.
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Due to the implemented architectural solutions, smaller building systems will be sufficient to
maintain the required internal thermal conditions in the improved building.

Energy Performance Evaluation
[Project Number] Simple Test Building

HVAC Design Data

Heating Demand Cooling Demand nternal
Thermal Biock Yearly Hourly Yearly Hourtly Temperature
WWh Paak MW a3 Paak (kW] " *C] Max [
. 0 00 32 264
i age base
f |
|
002 Stascas . 2
| : :
1
Fa 5 £ U
|
(| U
# 005 F
|
|
4 v E " u {
|
B 4 4
B ~
- 11 wu
= 4 1 -
A Feé I
| 4 1
|
1 d J
d u
T
ac 9 14 7
i ) o i
All Thermal Blocks 33172 " )54 ¥
= Fel 1 e Jul 11
Number of Used Hours in Year Jnmet Load Ho n Year
Heatng 3043 nrs Heatng 3280
933 0
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6. Whole Building Energy Efficiency
Optimization

This chapter presents how to define building systems to enable calculation of fuel consumption,
fuel cost, carbon footprint, primary energy and performance rating.
* Add building systems to the baseline project.

* Apply the project-specific low-energy building systems solution set and the project-specific
renewable energy solution set to the project.

* Run the energy simulation in performance rating mode to compare the designed project’s
energy performance with the baseline building’s energy performance.

6.1 Add Building Systems to Baseline Building

First, determine system sizes for the baseline building.

Here is the Evaluation Report we produced previously for the baseline building’s Energy
Performance. This report was created for the purpose of building system sizing, therefore all
systems were set to Not Yet Specified for this simulation run.

Energy Performance Evaluation
[Project Number] Simple Test Building

Y
Key Values
General Project Data Heat Transfer Coefficients U value Wim7K]
Project Name: Simple Test Building Building Shell Average 0.88
City Location: Floors: 4.38 - 4.88
Climate Data Source: HUM_Debre...0_IWEC.epw External: 0.23 -0.75
Evaluation Date: Nov 28, 2013 6:07:14 PM  Underground: 0.31 - 0.31
Cpenings: 2.94 -4.03
Building Geomelry Data
Gross Floor Area: 1189.17 n MNet Heating Energy: 58.52 KWh/m?a
Treated Floor Area: 1052.68 m MNet Cooling Energy: 16.28 k\Whim=a
External Envelope Area: 907.05 m? Total Net Energy: 74.80 kWh/m®a
\/entilated Volume: 3193.26 m? Energy Consumption: 97.94 K\'Wh/mZa
Glazing Ratio: 17 % Fuel Consumption: 97.94 k\Whim*a
Primary Energy: 69.41 k\Wh/m“a
Building Shell Performance Data Fuel Cost: 2.55 EUR/m*a
Infiltraticn at S0Pa: 3.46 AC C05 Emission: 5.66 kg/im*a

Outer Heat Capacity: 157.08 Jim’K
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Please remember that a mediocre quality building shell (thermal insulation, structural details,
transparent surfaces, etc.) is specified for the baseline project. Consequently, the baseline
building’s energy evaluation shows that the heat transfer coefficients are not particularly good,
and a large heat loss via transmission has a strong negative impact on overall energy
consumption.

Project Energy Balance

Supplied Energy per Week
o —-6837 8

. Lighting and Equipment

4356 5 KWHEH

' i Human Heat Gain

= _~-.f-_- -p. [ 255010 kWhia

i R ..--.- RN '-lﬂ-! Solar Gain
o= ) - HE 124 U KWhia
Heating
S : : . 0 . 51603.1 KWhia
1% 20 24 28 32 36 40 44 48 32 [kWh]
. ; | L | 1 | | | L 0 Transmission

940362 kWhia

— 2000 Infiltration
-m =N 1086 0 kWhia
|| = hl..llill- e Ventilation

4000 743742 kWh'a
Coceling
6000 & 7138 & KWhia

Emitted Energy per Week

Furthermore, the baseline design’s windows have no shading devices, which results in huge solar
gains in the hot season. This must be counter-balanced by cooling, which further increases the
baseline building’s energy consumption.
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The HVAC Design Data chapter of the baseline design’s Energy Performance Evaluation
Report provides information about the building’s annual and hourly peak heating- and cooling
demands. The hourly peak heating and cooling load data is the most important for determining
the right size of the building systems for each thermal block.

HVAC Design Data

Heating Demand Cooling Demand Internal
Thermal Block Yearly Hourly Yearly Hourly Temperature ‘
[kwh] || Peakkwill [kwh] (| Peak [kW]]| Min.[’C] | Max [C] |
: 00 . 0.0 12.0 285
B 001 Storage basement 0 0 i
. 00 Fab. 01| 16:00 Jul. 09 |
49 0.0 50 0 |
002 Staircase 350 3 0 At Ges ol
SR ST Y | 06:00 Feb. 01 : - D800 Jan. 01| 09:00 May. 30|
e 21.3 - 113 12.0 24 |
003 Retail 14326 09:00 Feb_ D1 4721 10:00 Jul. 09 16:00 Jul_ DB
004 Office 1 7247 < 13157 Besalp
09:00 Jan. M 1500 Jul. 09 | 05 1 400 Aug. 2
g 4.1 15.( 296
006 F i G730 4 T
006 Flat 1 3330 7-00 Feb 1674 1500 Jul. 09 | DE0D0 Jan 06-00 Jul_ 03
e e 75 - 3.6 15.0 29.0
007 Flat 2 {duplex) 9303 : - 954 E o | s e
Ur00 Freb. 0 1600 Jul. 08 | 0200 Jan. 01| D600 Jul _|I
e 37 1.9 5.4 291 |
B o008 Flat 3 1412 592 L
o 00 Jul. 09
009 Flat 4 8588 57 e
o 00 Jul. 09
; 83 65
010 Lof 7958 ! 678 i
L i 07:00 Feb. 01 o 13:00 Jul 09
i 00 . 0.0
011 Attic 0 - 0 i
o 00 3 0.0
ﬁ 012 Neighbor buillding 0 0
All Thermal Blocks: 61608 i 17136 .
e P | 09:00 Feb. 02| = | 16:00 Jul 1

The HVAC Design Data section also displays minimum and maximum internal temperatures for
each thermal block. This information shows the times when the internal temperatures do not meet
the thermal comfort requirements.

Let’s continue by adding building systems to the baseline building!

Similarly to its building envelope, the baseline building’s systems also represent mediocre
solutions typically used in the region where the project is located. District heating, conventional
“incandescent lighting”, average quality water taps, natural and mechanical ventilation without
heat-recovery option.

Electricity is supplied from the grid; no on-site renewable energy systems are defined.
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Switch to ArchiCAD to access the baseline project. Display the Thermal Blocks page of the
Energy Model Review palette to see the building system types assigned to the thermal blocks.

Note that the colored icons on the right represent heating, cooling and ventilation systems
assigned.

| Energy Mode! Review - Thermal Blocks
ek 2 ==
5 Thermal Blocks | [J Structures  [12 Openings
(] Mame Operation Profile Zones Asea [m’]  Volume (m'] Uncovesed Area|m’] Building Sys... ¥
§ oot Storage basement Buncenditioned_fixed min temp_max temp limit L LiL.va JeB.87 1
002 | Staircase | @uncencitioned Kxed min tema_max temp limit 6 + 2122 35570 13.01
o3 Retail ERetail shop/department ctore ) : L 133.54 500.61
§ oug Office EPersonal offe 1 L35.79 379,34 0.56
D0E Far 1 SResidertial L 135.09 379.34 0.56
o7 Flat 2 (duglex) EResidential 2 L22.64 34115
§ ooz Flat 3 Bresidential L BlL.23 170,58 4.80
oons Flat 4 PResidertial 1 L3G.09 79,34 0.56
§ow Lok GResidertial z L6504 114.54 n.oz
oL Altic Buncenditioned L 9.17 l.as
012 Meighbor bullding UiNeighbour bldg FF -] 0.11 1.91 27113

Display the Building Systems dialog to see the heating- and service hot water systems to be
assigned to the thermal blocks— in other words: to define baseline building system parameters.

0.0.0 Energy Evaluation - Building Systems

Expert view 2

v Heati#g Settings

Name -
(=) Central Subtype: | 1 On Site Equipment
6 NYS |y Boiler or Furnace
{5 Flat 1_Mech Nk ek fied Solar Thermal Collector
(€3 Flat 2_Mech s Water Heat Pump
% Flat 3_Mech () District Heating
& Flat 4_Mech — -
s 4 » Central District Heating
=2 Loft_Mech . .
lan \ve * Service Hot-Water Heating
e ¥ Assigned Thermal Blocks
%o Office_Mech
5% Retail_Mech ¢ (002 Staircase
&) Attic_Natural $# 003 Retail
) Basement_Mech + 1004 Office
= = 006 Flatl
#) Basement_NYS
@ = $ 007 Flat 2 (duplex)
& Flats_Natural : 1008 Flat 3
(3 Offices_Mech £ {009 Flat4
@ Offices_NYS MNote: Drag Thermal Blocks in order of precedence.
Retail_Mech Assign... Remove

Please note: to define and assign building systems to thermal blocks, you do not need in-depth
knowledge about building systems to effectively use EcoDesigner STAR. You just need to know
the very basics about the building systems (most importantly their size and their type), using the
Building Systems dialog’s Basic View.
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In the final design phase or when producing building energy performance rating for official
approval, however, it is advisable to consult your building system engineer. The simulation input
data regarding system parameters can be validated and fine-tuned via the Expert View of the

Building Systems dialog.

Various heating types can be assigned to one thermal block or to a number of thermal blocks
simultaneously. Select Central District Heating for the baseline design.

¥ Heating Settings

() Central Subtype: () On Site Equipment
Local SRS OF FUINGY
[ a Therm Cr

Not yet specified :

(#) District Heating
¥ Central District Heating

Control Sensor: Indoor

Circulation Pump Electricity 2.00 %
Percentage of nominal capacity
(¥ Include Service Hot-Water Heating

Characteristics..

R

Energy Source...

¥ Service Hot-Water Heating

Water Temperature: Cold 10 hy e 4
Hot 60 )
Sewer Heat Recovery Efficiency: %

'
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Use the Heating System Characteristics dialog to visualize or edit the default Central District
Heating system profile offered by EcoDesigner STAR.

Y 0) Heating System Characteristics
ch
Supply Temperature: — a0 90
Return Termperature: v 70 70
External Air Temperature: -20 20
1609
i |
»
o 50 9
-
E
é 25 4
rd
il 30 15 % .;' ] 0 45

-254

Bxternal Ar Temperature

Cancel CK |

We can also specify specific temperature values for the service hot water.

The thermal blocks having the “Residential” profile consume the majority of the service hot
water (this is necessary for washing, cooking and cleaning in the households). Use the
Occupancy panel on the Operation Profiles dialog to review and edit the service hot water load
specified for the residential profile. In this example, a relatively high amount is specified: 100
liters daily per capita.

LB Operation Profiles

Auvailable Dperation Profiles

@Neighbour hldg New...
@Neighbour hldg FF
{@Personal office

Delete

@Retail shap/department store

Occupancy type: Human heat gain: 70,00 W per capita

Rename

Residential : Service hot-water load: | 100.0( !/day per capita

Humidity Load: |2.00 | Ifday

Note: Define *@Residential® profile’s daily schedules and drag them in the order of

precedence.
Daily Schedules Recurrence Date Range In use [hours]
# habitation » Every Day All Year ... BTG0

Add Remove Uncovered:

I Edit Daily Schedules.
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Daily Prafile Editar

T | new.

.| Rename. .
| Delete
Edit profile data in the selected time period
;:_ Internal temperatura [+]
24 = ™ Maximum: 2375_: e
! 0 7 Minimum: 120 |: e

Internal heat gain

. gcccupanql count:
30.00 N | .|m’ per capita

B ¥ Lighting: Incandescent s

Power: l000 |2 wm?

M/ 20 glh IR gh 4. 1h _h B | equipment: [ . Wim?
Cancel | [ oKk |

High service water consumption increases waste-water production, as well.

Now review the cooling systems. Local cooling machines are assigned to most thermal blocks.
Like the heating systems, these Cooling Systems can be set up very simply, using the Building
Systems dialog’s Basic View.
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The settings discussed below - other than the Cooling System Capacity and Characteristics — are
advanced settings, accessible only via the Building Systems dialog’s Expert View. They are
discussed in this document to show that even the expert-level settings of EcoDesigner STAR are
easy to understand for architects.

000 Energy Evaluation - Building Systems ;
L
Expert view »
rrep— oo Cooling System Settings
Heatin
: NVE ¥ ' Not Yet Specified
V ) Central Subtype: (*) Cooling Machine
i v | S EmSem
. 1
25 Flar 2_Mech (®) Loca _| Direct Expansion (DX)
jas
= Fluk 3. Mazh ¥ Local Cooling Machine Settings
&5 Flat 4_Mech
;,‘:-E Loft_Mech | Cooling Capacity: (4500 W >
&% NYS : 2y 7 5 -
P Free Cooling Limit: 15 c ¥
9% Office_Mech _ _ . _
8% Retail_Mech | Circulation Pump Electicity Demand: .90_00 | w >
(@ Attic_Natural Maximum Allowed Relative Humidity: 80 %
@ Basement_Mech | Heat Recovery from Exhaust Air
@ Ensamant NYS i Characteristics...
'_@ Flats_Natural
'@ Offices_Mech ¥ Assigned Thermal Blocks
'@ Offices_NYS
/(@ Retail_Mech ! ¢ 006 Flatl
(@ Retail_NYS
@ Staircases_Natural

* The required cooling capacities are copied from the previously presented HVAC Design Data
table of the Baseline Building’s energy demand calculation report.

HVAC Design Data

Heating Demand Cooling Demand Internal
Thermal Block Yearly Hourly Yearly Hourly Temperature
£ (kwh] Peak (kW] | [KWn] | Peak [kW] = Min.['C] | Max.['C] |
0.0 0.0 120 28.5
B oo1 storage basement 0 £ 0 % et W 1o sadig
: 2= 49 oo 50 370
002 Staircase 350 06:00 Feb. 01 0 | - 0800 Jan. 01| C9:00 May. 30
003 Retail 14356 s 4721 ! g : s e
09:00 Feb. 01 | 10:00 Jul. 09 | 08:00 Feb. 01| 16:00 Jul. 08
e 12,6 Y 15.0 32.0
B 004 omce | 724 | ogaodan01| 1% | 150009 | 05:00.Jan. 01 14:00 Aug. 26
: 8.5 41 150 296
006 Fiat 1 9390 07-00 Feb. 01 1874 1500 Jul 09 | 0600 Jan 01| 06:00 Jul 09
007 Flat 2 (duplex) 9303 A 954 . T RN
07:00 Feb. 01 16:00 Jul. 08 | 02:00 Jan. 01| 06:00 Jul. 10
Boos Fiat 3 4412 o 532 . s _ SRS
07:00 Feb. D1 16:00 Jul. 09 | 03:00 Feb. 01| 06:00 Jul. 10
009 Flat 4 8588 . = 2157 i‘z : __";:"C 5 _?'U -
07 00 Feb 01 | 16500 Jul 09 | 0300 Feb 01| 0600 Jul 10
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The Free Cooling Limit is an external air temperature limit. If the external air temperature
drops below this limit value, then the external air is used directly to cool the building - no

cooling mechanism is applied to alter the temperature of the external air. These are the times
of the year when natural ventilation can also be effectively used for cooling.
Circulation Pump Electricity Demand is the peak energy demand of the pump that circulates
the refrigerant in the cooling circuit.
The maximum allowed relative humidity is a limit value that is used as a setpoint during the
hourly Energy simulation. If the indoor air’s relative humidity increases beyond this
threshold, then the cooling machine turns off to avoid condensation.

Use the Cooling System Characteristics dialog to visualize or edit the default Local Cooling
system profile offered by EcoDesigner STAR.

As an example, open the Cooling Systems settings of the “Retail” operation profile.

Note that this thermal block requires the largest cooling capacity.

36 Energy Evaluation - Building Systems
Expert view >
= 3 .
o = Cooling System Settings
Heatin
0 9 _/Not Yet Specified
ik C | Sub +) Cooling Machi
et entra ubtype: (+) Cooling Machine
£% Flat 1_Mech - PO 9
(=) Local | Direct Expansion (DX)

£% Flat 2_Mech

£% Flat 3_Mech

2% Flat 4_Mech

2% Loft_Mech

8% NYS

82 Office_Mech
Retail_Mech

@ Attic_Natural
(¥ Basement_Mech
® Basement_NYS
Flats_Natural
Offices_Mech
& Offices_NYS

& Retail_Mech
 Retail_NYS
Staircases_Natural

¥ Local Cooling Machine Settings

Cooling Capacity: 11500 w
3

Free Cooling Limit: 15 )

Circulation Pump Electicity Demand: | 230.00 w
Maximum Allowed Relative Humidity: 80 %
Heat Recovery from Exhaust Air

Characteristics...

¥ Assigned Thermal Blocks

$ 003 Retail
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Review the settings of the ventilation system assigned to the thermal block, which uses the
Office operation profile.

0 Energy Evaluation - Building Systems

Expert view -

* Ventilation System Settinas

Name -

& Heating ¥ Time Scheduled Ventilation Settings

& NYS L3

2% Flat 1 Mech Cperation Schedule...

U o

A

4% Flat 2_Mech ™ Supply Pressure 150 Pa

an

;:,U Flat 3_Mech Fan Efficiency 3g %

4% Flat 4_Mech

23 Loft_Mech ™ Exhaust Pressure 150 Pa

Ly el o

&3 NYS Fan Efficiency 80 X

&% Office_Mech : :

2% getail Mech (¥ Preneating Edit...

wide -

@ Attic_Natural A Precooling Edit...

(&) Basement_Mech Heat Recovery

E FBIasemem_N‘;(S Recirculation Edit

= Flats_Natura

E Offices Mech Air Flow Reduction

& Offices_NYS Control Settings...

@ Retail_Mech e — m— e =

@ Retail_NYS Exhaust4q @ 4 Return

& Staircases_Natural ) :

Qutside Inside

Fresh}l = [ @ J} Supply

* Assianed Thermal Blocks

Use the Time Scheduled Ventilation Settings panel of the Building Systems dialog in Expert
View if you wish to modify the default Time Scheduled Mechanical Ventilation system’s
parameters. Details such as Supply and Exhaust fan pressures and efficiencies can be altered;
preheating and precooling parameters can be specified.

Note that it is also possible to model more advanced ventilation systems than the ones used in
this baseline building example. Use the Heat Recovery, Recirculation or Air Flow Reduction
dialogs to specify more advanced mechanical ventilation units.
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Let’s see how to specify the schedule and characteristics of artificial lighting. Lighting is a
component of the internal heat gain defined on the Daily Profile Editor panel of the Operation
Profiles dialog. Here, select the light fixture type used to illuminate the thermal block.
Alternatively, define the Lighting Power Density (LPD) numerically.

Daily Profile Editar

[ New..
| | Rename...
! | Delete

Edit profile data in the selected time period

( Internal temparature v
7 ™ Maximum: 28 112] e
| B ™ Minimum 20 5] 1EC:

| Internal heat gain

B ™ occupancy count:

30.00 |;|r|'1‘1 per capita

B Fughting

¥ L B ' ; Fluorescent lighting tube
1] ] 24h Power:

Compact fluorescent
M2 |3h @21 1Eh &7 15h I [ Equipment: LED light
—  Custom
None

Conventional “Incandescent” light fixtures are selected for the baseline building. This lamp type
is the least efficient; its operation produces significant heat in addition to visible light.
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Finally, examine the Energy Source Factors dialog, which defines primary energy and CO2 emission
factors. These values are used in primary energy and carbon dioxide emission calculations.

YOO Energy Source Factors

Enter energy source factors:

Source name Primary energy CO2 emission [kg/...
B vood 120 0.03
el 120 0.03

Natural gas  1.10 0.22

Propane 1.10 0.29
Boi 110 0.30
B coa 120 0.29
. District heating 1.00 0.35
[ District cooling 1.00 0.73

&
Electricity is produced from:
Source name Proportion
B coa 70%
I Nuclear energy 30%
Total: 100%

For example, electrical power is produced from 70% coal and 30% from a nuclear facility in the
region where the example project is located. This defines the carbon footprint and primary energy
associated with electricity consumption.

Energy sources (a.k.a. fuel types) are defined for each building system individually via the
dedicated dialogs of the Building Systems panel. Fuel prices - as well as the currency - are
specified on the Energy Costs dialog.

Energy Costs

Displayed currency unit: EUR

Enter the prices of the purchased energy:

Price Unit
B oistriceh..  0.0500 EUR/ kWh
Natural gas  0.0400 EUR/ kWh

(SRR 01100 INEGRY <~

Cancel | [ Ok |
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After specifying all baseline systems for the baseline design, we save the building energy model
as a baseline building reference file, with “BAS” file-name extension. We will use this baseline
building reference file later, for the performance rating.

& @
Start Energy Simulation v
Export to gbXML...
, Export to PHPP...
Export to SBEM..
Export to VIP-Energy...

Start the Energy Simulation of the baseline building with all systems included, then save the
Energy Performance Evaluation report as a PDF file.

[ALIES

Start Energy Simulation -

' “Start Er‘l*ergyr Simulation *

6.2 Apply Project-Specific Low-energy Building
Systems and Renewable Energy Systems
Solution Set to Designed Building

The next step of the energy optimization process is to apply the project-specific, low-energy
building systems and renewable energy systems.

We start by reviewing the system sizing calculations carried out on the project version referenced
as the “designed building”.

Note that this project version is different from the baseline building project version.

Please see the “Low-Energy Demand Architectural Design” chapter to find out more about the
differences between the designed building and the baseline building project versions.

The designed building’s energy demand calculation results are displayed. The lower heat
transfer coefficient values on the energy evaluation report reflect the benefits of the energy
efficient architectural solutions, such as the advanced envelope, improved detail construction, and
advanced windows.

Key Values

General Project Data Heat Transfer Coeflicients U value [W/m=K]
Project Name Simple Test Building Building Shell Average: 0.30
City Location: Floors: 0.39-0.39
Climate Data Source: HUMN_Debre..0_IWEC epw Extenal: 0142-0.231
Evaluation Date: Nov 29, 2013 8:12:02 PM  Underground: 047 - 017
Openings: 0.71-1.33
Building Geometry Data
Gross Floor Area: 117322 m* Net Heating Energy: 32.64 kWh/m*a
Treated Floor Area 1016.19 m* MNet Coocling Energy: 3.01 kWh/m*a

External Envelope Area: 876.40 m’ Total Net Energy: 35.65 kWhim*a
Ventilated Volume: 3088.75 m* Energy Consumption: 58.59 kWh/m*a
Glazing Ratio: 17 % Fuel Consumption: 58.59 kwh/m®a

Primary Energy: 68.82 kWh/m*a
Building Shell Performance Data Fuel Cost: 2.52 EUR/m*a
Infiltration at 50Pa: 1.00 ACH CO; Emission: 5.61 ko/mra
Cuter Heat Capacity: 157.40 JimK
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Due to solar shading, the solar heat gain is significantly less during the hot season and therefore
the cooling demand is also less, as compared to the baseline building.

The HVAC Design Data chapter of the Energy Performance Evaluation report contains the initial
input information necessary for sizing the building systems: the annual and hourly peak heating
and cooling demands.

HVAC Design Data

Heating Demand Cooling Demand Internal
Thermal Block Yearly Hourly Yearly Hourly Temperature
[kWh] | Peak[kW] | [kWh] | Peak[kW] | Min.[°C] | Max [°’C]

0.0 0.0 13.2 26.4
B 001 Storage basement i 2 a = 06:00 Feb. 01| 16:00 Jul. 11

— - | 1.3 a 0.0 50 28.4
A | 06:00 Feb. 01 = 01:00 Jan. 01| 11:00 Jul. 09

16.8 6.0 12.0 289

3 Retz 943 328

ki . | 09:00 Feb. 01 s 16:00 Jul. 11 | 08:00 Jan. 02| 16:00 Jul. 08

' 96 45 15.0 28.1

—— 4357 ag”

004 Office 1 i | 00:00Feb 01| 902 16:00 Jul. 09 | 06:00 Jan. 01| 16:00 Jul. 08

5 : = | 52 g 10 15.0 280
i i | 07:00 FebJo1 = 19:00 Jul. 09 | 06:00 Jan. 01| 19:00 Jun. 15

_ [ 48 N 0.8 15.0 28.0
007 Flat 2 (duplex) 5019 | 57.00 Feb. 01 36 18:00 Jul. 09 | 02:00 Jan. 01| 19:00 Jun. 16

[ 24 05 15.0 28.0

F 4 |
. B 008 Fiat 3 204 | 07:00 Feb. 01 3 19:00 Jul. 10 | 05:00 Jan. 01| 19:00 Jun. 15|
| r = e -

5.0 e 1.2 15.0 281

el — ! 07:00 Feb. 01 1 18:00 Jul. 10 | 06:00 Jan. 01| 06:00 Jul. 10
| | . 4 .y
44 1.6 15.0 28.4
1 I

BotoLon A | 07:00 Feb. 01 e 19:00 Jul. 09 | 04:00 Jan_ 01| 24:00 Jul. 10

r— . [ 00 . 0.0 38 325
i . ~ ~ 09:00 Feb. 02| 18:00 Jul. 11

0.0 0.0 11.9 269
. 012 Neighbor building 0 | 0 - - j ’ K
l | -~ ~ 15:00 Jan. 01| 04:00 Jul. 12

The next step is to define the building systems for the designed building. The recommended
workflow:

* Review the designed building’s energy demands

» Investigate building energy optimization options

» Execute sensitivity analysis

* Determine the project-specific solution set
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This table summarizes the results of an extensive study carried out by the International Energy
Agency Solar Heating and Cooling Program Task 40 Research Group. It presents the statistical
data about the relevance of applied “Energy Efficient Building System Solutions” and
“Renewable Energy Systems Solutions” for the “Mixed Cooling and Heating” climate, where our
example project is located. Based on these statistics (or on similar research data), the solutions
that are potentially suitable for the example project can be selected. Whether it’s worthwhile to
apply them can then be decided by sensitivity analysis.

Applied Project-Specific Low Energy Building Systems Solutions
and Renewable Energy System Solutions

Mixed cooling and heating

Energy emcent ghfing

Efficient household appliances

Efficient office eguipment
Advanced lighfing confrol
Load management

Mechanical air heat 'eccve'yl

Hot water heat recovery
UFAD or displacement venfilation
Rodiant heafing
Radiant cooling
Efficient air source heat pump

ENERGY EFFICIENT SYSTEMS SOLUTIONS

Ceiling fars. evaporafive cooling

Solar thermal

| Photovoltaics |

Wind furbines
Biomass powered CHP

Biomass-fired boilers

SOLUTIONS

Geothermal
Building footprint

Orrsite

RENEWABLE ENERGY SYSTEMS

At-site

Based on the sensitivity analysis’ results, the following project-specific low-energy building

systems and renewable energy systems solutions are applied to the example project:

* Energy efficient lighting

*  Water-saving taps

* Mechanical air heat recovery for the mechanical ventilation systems

* Photovoltaic system to produce electricity on-site
Note that - due to the previously applied low-energy architectural design solutions — the
designed building requires much lower-capacity heating and cooling systems than the baseline
building.

Let’s return to EcoDesigner STAR and see how to implement the building system solutions. In

this example file, the low-energy building systems and renewable energy systems are already set

up, as detailed below:
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Use the Thermal Blocks page of the Energy Model Review Palette to create and configure
building systems and to add them to the thermal blocks.

A Central, On-Site heating system is specified for all thermal blocks that require heating.
Here you can see its characteristics and the energy source (natural gas) that it consumes.

& NYS

@ Office +

@ Retail +

Flat 1_Mech
Flat 2_Mech
Flat 3_Mech
Flat 4_Mech
Loft_Mech
NYS
Office_Mech
&% Retail_Mech
& Attic_Natural
(%) Basement_Mech
@ Basement_NYS
@ Flats_Natural
(% Office Mech

2%
9

GY a¥n oy av.

L RS

TR

&
=Y

000 Energy Evaluation - Building Systems
?Expert view »
"’ 2 .
Name Heating Settings

() Central
() Local
() Not yet specified

Subtype: @ On Site Equipment

Boiler or Furnace
| | Solar Thermal Collector
|| Water Heat Pump

) District Heating

¥ Central Boiler or Furnace

Control Type:

Capacity:

Y

| Temperature controlle... =

55000 |W

Circulation Pump Elect}lcity Demand: |2.00 % »

Percentage of nominal capacity

[2! Include Service Hot-Water Heating

Characteristics...

Energy Source...

» Service Hot-Water Heating

Doo Haating Systam Characteristics
*C [7]

Supphy Temocrature: - 90- ) [70
Return Temperature: — 70 50
External Air Tamperature: =20 20

T

e
~
b B —
—e I —

H T —
E 5 T~
B
-
i al
-
i
" e s | 15 0 48

22

External A1 Teriperalune
Cancel ™ | [ 0K

Energy Source

Heating energy sources:

Source
Natural gas

Total:

Proportion
100%

100%
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We provided two additional smaller, local back-up gas boilers: one for the office and one for the

retail thermal blocks.

~ O Energy Evaluation - Building Systems

Expert view 13

v - :
Name o Heating Settings

6 Heating u
| Central Subtype: (») Water-circulating
& NYS @ Local (™ Boiler or Furnace
@ Office + 5 _ | Solar Thermal Collector

I Not yet specified
u Retail + e Water Heat Pump
Flat 1_Mech () Direct Expansion (DX)

5

ata &'a a'a ol
B TP TP WY

Flat 2_Mech
Flat 3_Mech
Flat 4_Mech
Loft_Mech

NYS

Office Mech Circulation Pump Electricity Demand: 2.00 % »
= Percentage of nominal capacity

¥ Local Heater Settings

Control Type: k | Temperature controlled... % |

Capacity: 5000 w

Retail_Mech
Attic_Natural
(¥ Basement_Mech
&) Basement_NYS Energy Source...

ata a'a a'a &'
Bad TP TP TP

@&

Characteristics...

By using more advanced taps and household appliances, it is possible to reduce the service
hot-water load by 20% compared to the baseline building. Use the Operation Profiles dialog
to set the service hot-water load of the residential operational profile.

(8] Operation Profiles

Available Operation Profiles

@Neighbour bldg New...
@Neighbour bldg FF —
@Personal office

@Residential Delete

@Residential_reduced SHWH and Lighting

Occupancy Data
Occupancy type: Human heat gain: 70.00 W per capita

Rename...

Residential Service hot-water load: 80.0)  !/day per capita

Humidity Load: 2,00 @ |/day

Please note that the designed building’s energy model contains fewer cooling machines than
the baseline building, because some of the apartments do not require mechanical cooling due
to the effective solar shading discussed earlier. For the thermal blocks that do require
mechanical cooling — e.g. the Office - cooling systems with less capacity than the baseline
project’s are suitable.
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The mechanical ventilation systems — e.g. the Retail thermal zones - are time-scheduled and
equipped with modern air-to-air heat recovery modules. This means that the heat of the
exhaust air is used to pre-heat the fresh air.

|&% Flat 1_Mech
&% Flat 2_Mech
&% Flat 3_Mech
| Flat 4_Mech
32 Loft_Mech

8% NYS

LOLOLA Energy Evaluation - Building Systems
|Expert view
e = ¥ Ventilation System Settings
Heatin
: NYS ’ [ Not Yet Specified or Natural
& Office + (=) Mechanical (=) Time Scheduled
G Retail + _Internal Temperature Controlled

= | Constant Air Volume (CAV)
Variable Air Volume (VAV)

¥ Time Scheduled Ventilation Settings

I Operation Schedule... I

P 3
% Office_Mech (¥ Supply Pressure .100 o X
[F% Retail_Mech Fan Efficiency | go %
(® Attic_Natural ¥ Exhaust Pressure 100 Pa [»]
f R —
|'® Basement_Mech Fan Efficiency [80 5%
@ Basement_NYS L
|® Flats_Natural & (¥ Preheating | Edit...
| Office_Mech # Precooling | Edit...
(& Office_NYS i Heat R | Edic
I eat Recove it...
Retail_Mech gt - E
M ) O Heat Recovery Operating Parameters
Iyl
Recovery Efficiency (%) \_j'ﬂ) ___| 60
External Air Temperature 0 15
80 1
aﬂ -\\\-—
£ a0 4
f_ 20 9
2
8
&
—r5 b 0 5 JEJ .’.i}
_201
External Air Temperature
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» Next, display the Residential Operation Profile and note that modern, energy-efficient LED
lighting fixtures are used in the residential thermal blocks instead of the incandescent lamps.
LED lights use less energy to provide the required level of artificial illumination, since they
produce much less heat than the incandescent lamps used in the baseline building.

Daily Profile Editor

habitation | New... |
| Rename... |
| Delee |
Edit profile data in the selected time period
:E Internal temperature [»]
m ™ ¥ Maximum: (28 | : *C
- 0 ¥ Minimum: 20 :| '

12
[

0 T T T 1
6 12 18 2ah

/]
Im* Internal heat gain

. ™ Occupancy coun Incandescent
[30.00 [ Fluorescent lighting tube
Compact fluorescent

W
5
4
i
2
1

. @Light]ng:
Power: Custom
: = = - None
®2 [h @23 [ ®1 [[i/n B L Equipment: r g

| Cancel | @
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* To produce electricity from a renewable source on site, a photovoltaic system is defined for
the designed building.

000 Energy Evaluation - Building Systems

Expert view »

¥ Solar Photovoltaic Settings

Name &
&% Flat 2_Mech -
ot i Type: Polycrystalline -
&2 Flat 3_Mech ,
:_}3 Flat 4_Mech Nominal Peak Power: 150 W/m
£3 Loft_Mech Nominal Efficiency: 14 %
&8 NYS Temperature Coefficient: -0.54 xfec L
5% Office_Mech
o ' T Panel Area: 35.00 m?
== Retail_Mech N
T Atti Angle to South: Til®Angle:
@ Attic_Natural ﬁ
() Basement_Mech &l 0.00° £ 25.00°

(%) Basement_NYS
@ Flats_Natural
(%) Office_Mech
& Office_NYS

) Retail_Mech
% Retail_NYS

% Staircases_Natural

Create New... | Delete , Cancel | 0K |

The panels are located on the pitched roof surfaces facing the equator.

Display the Structures page of the Energy Model Review Palette and select the Southern, pitched
roof in the list to determine the available space for the PV panels.

Eneryy Mudel Review — Suucie es

(=]
| R ][9]

=[S o
| B Thermal Blocss m [® Cpenings |

'Tym! Drientation Categnry Thermal Rlork aName trea [f] Correctinn - Area [mE]_"_}_J
| fe Ther . ———- —— 010G Flar 4 e P02 Detal - e

@G wall  Scuth [Jextarnal 000 Flat 4 F77) @external Wall_good 3..08 2.00
'& wall  East [ External 009 Flat 4 B @Exvernal Wall_youd 2348 000
i Wall  West [ Exctarnal 009 Flat 4 EI=7) @External Wall good 13.19 2.00
g wall  Nerth [Jextarnzl 000 Flat 4 FE77) @external Wall_geod 392 2.00
wFSlab  imer (009 Flat 4) [Mirternal [ 010 Loft I reinforzed Cancreze - Structura 122.04  2.00
cAslab  naer (UOS Hat 3) Cirternal JULU Loft 1l k=infarced Cancrete - structura 29.28 2,00
(5 wall naer (010 Loft! [irternal 1 010 Loft Ef7] @External Wall_good 26.89 2.00
g wall naer (002 Stairczse) [Mirternal [ 010 Loft [ Masonry Black - Filler 12.60 2.00
'c Slab nner [OL1 ALic) [ rternal foloLun R ELiving autic ceiling_pour 9.17 2.00

B External 010 Loft |4 (@ROGR Go0d

A Roof  West Up D Extarnzl [ 010 Loft l@rocf_geod 21.24 3.00
& Foof  MNorth Up l:‘Ext-:mal [ 010 Loft 22.98 2.00
ZsSlab  Jpward Cexrarnal 010 Loft 2198 2.00
& Roof  EastLp [ Extarnal 010 Loft H @Rocf_good 15.82 2.00
g wall  East [Jesxtaraal ) 010 Loft F77) @external Wall_good 16.63 2.00
g Wl st [ External o010 Lon B @Exernal Wall_youd 1479 2.00

350 EcoDesigner STAR User Manual



ANNEX 2: EcoDesigner STAR Sample Workflow

You can see that its area is a bit more than 35 square meters (or 375 square feet). The area and
inclination of the installed “polycrystalline” photovoltaic panels correspond to the area and
inclination of the equator-facing pitched roof.

6.3 Run Energy Simulation (Performance
Rating)

After setting the properties of the designed building’s systems, start the energy simulation.

Since the building energy model now contains every input parameter, it is possible to execute a
complete building energy performance analysis, including hourly energy-balance, fuel-
consumption, energy-cost, carbon-footprint, primary energy usage, on-site renewables and
performance rating.

To enable performance analysis, we must use the previously created external baseline building
reference file.

Simulation Setup

Select Baseline Building generation method:

No Baseline Building
# ) External Baseline Building Browse...

| Demo bidg 72 BB_02.bas |

Don't display this dialog again Cancel | Continue... |
LY

EcoDesigner STAR can use the baseline building reference file in two ways:

Energy Simulation Options

Radiation part of the internal heat gain: 60 %
Latent part of the human heat gain 0 %
Maximum number of iterations steps: 40

Baseline Building:
M Select Baseline Building Preference at Start of Simulation

No Baseline Building

External Baseline Building Browse...
™ Include all four building orientations (according to ASHRAE 90.1)
Reserve EcoDesigner* license when ArchiCAD starts

Cancel | OK

» Straight-up performance comparison with the designed building’s performance

* The baseline building reference data is first automatically processed by the program according
to the ASHRAE 90.1 Standard (LEED Energy) and the resultant data is then used for energy
performance comparison.

Let’s start the energy evaluation!
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Once the analysis is completed, the Energy Performance Evaluation Report dialog appears. Here,
select the report chapters to be included in the Energy Performance Rating PDF document.

A

¥ Header and Footar
" Report Format

¥ Report Chapters

Szlect Chapter(s) to Report:

Key Values 1

Pr&_‘ect Energy Balance 1

Thermal Blocks 1
2
6

EEE

TB Key Values

(Page Break)

TB Energy Balance

HVAC Design Data

(Page Break) -
Daily Temperature Profile 11
(Page Rreak) -
Energy Consumption by Targets 22
Energy Consumption by Sources 23

OE

3]

Environmental Impact 24
Renewable Energy Sources 24
Baseline Performance 24
Baseline Energy Cosis 24
Ferformance Rating Table 25

Energy Consu...ions and Savings 25
Advisory Messages =

L L L L L L L L L L LR L [ L

ISR ERER

Unlike with energy calculations carried out in the earlier design phases, select all but one of the
report chapters this time. Exclude only the “HVAC Design Data” chapter from the
documentation, because the example energy model’s building systems are already defined.

The Energy Performance Rating PDF document should include the energy balance diagram of
every thermal block and also all the internal temperature profiles for each thermal block for a
typical day of each season. This evaluation report should also include the “Environmental
Impact” and “Renewable Energy Sources” chapters, and also all the performance rating chapters.
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Save the Evaluation Report as a PDF document, and also as an Excel spreadsheet.

Save As: Evaluation Report.xls

0.0 Report Options

Select spreadsheet(s) to report:

NERNEOOREOORO0ORONM

Project - Key Values

Climate Data

Project Resuls - Monthly
Project Results - Weekly

Project Results - Daily

Project Results - Hourly

Thermal Block - Detailed Inputs
Thermal Block - Operation Profile
Thermal Block - Key Values
Thermal Block Results - Monthly
Thermal Block Results - Weekly
Thermal Block Results - Daily
Thermal Block Results - Hourly
Compliance Report

Performance Rating Details
Unmet Load Hours

Close | Ok

Even though processing the data takes a few minutes, it is worthwhile to document hourly
calculation output files as well as thermal block level analysis results at this phase.

6.4 Review Results of Low-energy Building

Design

The baseline project’s energy evaluation report is displayed on the left. The designed building’s
report is on the right. Let’s compare them, and draw conclusions by rating the energy efficiency
of the designed building relative to the baseline building.

Energy Parformance Evaluation
[Project Number] Simple Test Ruiding

Enargy Performance Evaluation
[Proect Numbed] Simple Test Huilding
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The Project Key Values display high-level information about the buildings’ energy performance.

Note the huge reduction in the cooling and heating energy needs of the designed building.
Both primary energy consumption and fuel cost are reduced to half compared to the baseline
project.

]

Famitted Fruergy et Wesd

Project Energy Balance

What is the reason behind the reduction of heating and cooling energy? Due to the low-energy
building solutions (e.g. better thermal insulation and airtightness), the Project Energy Balance
displays a massive reduction in energy flows. The maximum Supplied energy per week in the
baseline project was over 7900 kWh, while in the improved project it is less than 4100 kWh.

The benefits of smaller building systems, heat recovery and on-site electricity production is
reflected in the reduced carbon footprint.

Display the Energy Consumption by Targets diagrams for both design scenarios.

Note that total required energy is reduced. In the baseline building, the heating is provided by
district heating.

Energy Performance Evaluation
[Progact Number] Simphe Test Building

Encrgy Consumplion by Torgets

Energy Performance Evaluation
[Propact Numbar] Simple Tast Buiding

Tarput ame Quantty Primasy

The designed building uses a more efficient and sensitive, reduced-capacity heating system. The
On-site central heating boiler is the main heat supplier, with local backup systems installed where
necessary. The result is reduced energy consumption and reduced carbon footprint.

The Energy Consumption by Sources diagrams show a massive reduction in electricity demand.

Energy Consumption by Sources

Energy | CO: Emiasion
Source Typs Source Neme Quantity Primary Coat |
FWnva EUR/E | a3
Renewab 25644 NA
L . a | w 1§ - o LU0
Total 175366 241676 9465 | 48739
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In the designed building, 40 percent of this demand can be satisfied with electricity produced by
the PV panels, on site.

Energy Consumption by Sources

Energy CO; Emission
Source Type Source Name Quantity Primary Cost
Whia kiWh/a EUR/a kg/a
i Salar (Tharmal & P 337 3374
Renewable | el Ubdcid il _4 I | b MNA
(Il External Air £704 ; 6704 _

Fossi B Natural Gas (55040 71544 2601 . 14048
Secondary B Electrict ~ 8633 | 25889 949 2110
Total: 83752 107523 3551 16159

The Environmental Impact and Renewable Building Systems Summary evaluation report
chapters highlight the benefits of the air-to-air heat recovery systems, the shading devices, the
apartments’ natural cooling, and the photovoltaic panels that use renewable solar energy to
produce electricity. The project-specific combination of these strategies greatly reduce fossil
energy consumption and operation costs.

The following chapters of the designed building’s Energy Evaluation Report can be called
performance rating chapters because they contain data that evaluate the energy efficiency of the
designed building relative to the baseline building:

* Baseline Performance

* Baseline Energy Costs

* Performance Rating Table

* Energy Consumptions and Savings

Use these chapters to compare the enhanced energy performance of the designed building with
the mediocre energy performance of the baseline building and to document the benefits of low-
energy building design.

The baseline building reference file concept is discussed in an earlier part of this chapter. To
understand the Baseline Performance chapter, we must revisit the baseline building reference file
concept and the two ways how EcoDesigner STAR can process such a file: besides directly
comparing the baseline building’s energy performance with the designed buildings, the program
is also capable of automatic ASHRAE 90.1 (LEED Energy) baseline building reference data
processing. This simply means that the program automatically rotates the baseline building by 90
degrees three times, re-analyzing the project after each rotation. Eventually, the four baseline
building variations’ energy performance is averaged and the resultant data set is used for the
performance rating of the designed building.

According to ASHRAE, the baseline building performance data generated this way represents the
average design solution better, because it disregards differences in orientation caused by specific
architectural solutions.

EcoDesigner STAR’s automatic baseline building processing function is also a great tool for
checking the designed building’s orientation - whether it is truly optimized, or whether a
rotated layout with thermal blocks having different orientations might be more energy efficient.
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On the other hand, automatic ASHRAE 90.1 (LEED Energy) baseline building reference data
processing requires five simulations (designed building plus four baseline building versions)
versus the single (un-rotated) baseline building method that only requires two simulations (one
for the designed building and another for the baseline building). Carrying out a performance
rating analysis using the single baseline building method is much faster.

The Baseline Performance chapter’s “zero degrees” column display the original (un-rotated)
baseline building’s performance data, while the 3 additional columns contain the performance
data of the rotated baseline building versions. The last column displays the calculated average
values.

The Baseline Energy Costs chapter list the operation costs of each baseline building variation.

Baseline Performance

Baseline Design
Energy Type Annual Energy &
Peak Demand |]°k 90° 180° 270° Average
: Energy Use (kWh) 29079 18686 23961 25515 24310
External Air
Peak Demand (kW) 920 43 45 435 45
Electricit Energy Use (kWh) 34049 31138 32699 33042 32732
ecincity t T +
s Peak Demand (kW) 17 15 18 17 17
Energy Use (kWh) 115069 117378 119910 115092 116862
District Heating
Peak Demand (kW) 74 78 78 76 76
Total Energy Use: (kWh/a) 178197 167202 176570 173649 173904
Baseline Energy Costs
Baseline Cost Baseline Building
Energy Type 0° 90° 180° 270° Performance
EUR/a EUR/a EUR/a EUR/a EUR/a (average)
Electricity 3745 3425 3596 3634 | 3600
District Heating 5753 5868 5995 5754 5843
Sum: 9498 9293 9591 9388 9443
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The Performance Rating Table displays and compares the Proposed and Baseline project’s
energy performance. The final column presents the achieved savings.

Note that the total annual energy use of the designed building is about the half that of the
baseline design, and would result in 50% savings.

Performance Rating Table

Energy Use Units Proposed Desigry | |BaseLine Building Savings
Results Results %
Energy Use (kWh) 27962.54 66422.01 57.90
Heating = = P
Peak Demand (kW) 31.34 70.23 55.37
Energy Use (kWh) 4833.46 17504.09 72.39
Cooling -
Peak Demand (kW) 12.52 33.67 62.82
Energy Use (kWh) 37569 .68 51340.66 26.78
Service Hot-Water
Peak Demand (kW) 5.77 7.33 21.20
eI Energy Use (kWh) 655.14 669.65 217
Ventilation Fans
Peak Demand (kW) 0.18 0.18 224
: Energy Use (kWh) 3987.08 19197 92 79.23
Lighting - -
) Peak Demand (kW) 1.05 6.89 84 82
- Energy Use (kWh) 498320 5158.34 340
Equipment - - .
Peak Demand (kW) 117 1.22 3.87
| Total Annual Energy Use: (kWh/a) 80011.11 160292.67 | 50.08
Annual Process Energy: (kWh/a) 8970.28 24356.27 83.17

Let’s see the components of this massive difference in energy consumption! Almost 60% less
energy is needed to heat the designed building. The cooling-related energy consumption
difference is even more significant. Some of the flats do not require cooling systems at all, thanks
to solar shading devices. Water-sawing taps reduce the amount of energy consumed by the service
hot water heating system by over 25%.

The designed building consumes much less electricity due to efficient artificial lighting and the
smaller auxiliary electricity demands of the proposed building’s systems, which are much smaller
than the baseline building’s.
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Finally, look at the Energy Consumptions and Savings table. Electricity-related cost savings in
the proposed building design is almost 75%, compared to a mediocre solution represented by the
baseline building. The designed building’s overall energy use is 51% less and its energy costs are
60% less than the baseline building’s.

Energy Consumptions and Savings

Im [Baseline Building I
Purchased Energy Energy Use | Cost Energy Use Cost Energy Use Cost
| EURAa EUR/a % %
Natural Gas (kwh) 65040 2601
i i S0 | e s e o | A | A el JlRe )
District Heating (k\Wh) 0 0 116862 5843 100 100
Subtotal: (kWh) 73673 | 3551 149595 9443 51 62
Energy
On Site Renewable Energy | Generated | Energy Cost
kWhia I EUR/a
¥ Photovoltaic sysfem 3374 0
Subtotal: 3374 | o0
Proposed Design Baseline Building Saving
Energy Use | Cost Energy Use Cost Energy Use Cost
kWhia EUR/a kWhia EUR/a Yo %
Total: 77048 | 3551 | 149595 | 9443 a8 || e2
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