EQUA.

SIMULATION TECHNOLOGY GROUP

IDA Indoor Climate and Energy

Basic Course

ANNUAL ENERGY SIMULATION
OF AWHOLE BUILDING

Guide

Copyright © EQUA Simulation AB
February 2018
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Purpose

Steps 1-4 of this guide is the third part of the IDA ICE basic course 1, where you get started with the
IDA ICE standard level. Steps 5-8 is the second part of the IDA ICE basic course 2, where you get more
experienced with the IDA ICE standard level. You learn how to perform a whole year energy simulation
for a multiple zone building. During this guided exercise, we go through the following tasks:

e |FCimport and zoning from IFC spaces

e Location, Climate and Wind profile

e Defaults and site plan/shading

e Infiltration, thermal bridges, ground properties and system losses
e Air handling unit and Plant

e Some input tables

e Energy calculation

e Looking at energy reports and input data reports

To get more support, also use the getting started guide, accessible over the “Help” menu within the
IDA ICE software.

This exercise requires the preceding guided exercise “Indoor Climate of a single zone” and “Power
demand for multiple zones”.

Background

Energy calculations are requested in many countries in order to control if the energy efficiency
requirements of the Building Codes and standards are fulfilled. Even building certification systems
like LEED, BREEAM or Swedish Miljébyggnad requires an annual energy calculations. For some
countries there are specific IDA ICE extensions (so called “Localizations”) implemented, which makes
it easier to perform energy calculations according to different building codes.
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Instructions

In this exercise we will perform a quick and easy whole-year energy calculation for a typical dwelling
house in Northern Europe.

Step 1
Import of an IFC file (Industrial Foundation Classes — a type of 3D-model) prepare zone templates.

a. Open anew project by clicking on . This opens a new IDA ICE project with some
predefined default values.

Note: For specific (national) building energy codes, you can use other buttons (included in
national IDA ICE localizations) for opening new projects with default values defined by the
building energy codes. This mainly includes usage data (defined within the “zone

templates”), but also how energy reports will be presented (defined by “energy meters”).

Save your project as Energy-MyGuide.idm or any other suitable name and save it in a suitable
place.

b. Inorderto import the IFC file go to the Floor plan tab, click on the “IFC...” button and select
“Import”. Browse to the folder where IDA ICE is installed on your computer and further to
...samples\ICE\ifc\Single family house.IFC. Use default settings for the pop-up dialog
“Preferences” and click “OK”. The same for the second dialog “Add/replace CAD”.

c. Now - when the IFC model has been imported - go to the 3D tab and have a look at it. If you
click on “Show...” or right-click on the main interface, you can select “Visual filter...” and then
choose which objects you want or don’t want to view. If you unmark “IFC model”, you will
see the building body that has been created automatically from the imported ifc file.

d. Go back to the Floor plan tab. From here, one can now insert the zones for the simulation.
Their usage data will always be based on the selected zone template (“Ordinary zone” by
default). When using localizations, appropriate zone templates can be selected by clicking on
the active zone template name (“Ordinary zone” by default):



HMew zone

Impart.. IFC...

@

k3 »  Ordinary rons
Dwalling
S/ it rones templats .

Reset sele

ted zones to the curent template
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Either select the zone template for dwelling included in your localization, or make your own

template by clicking on the active zone template name “Ordinary zone” and selecting

“Show/Edit zones template...”. Click on “Save as...” to save your new zone template and

name it Dwelling. As cooling systems in dwellings is less common in Nordic countries, we will

choose to have only heating units for default zones. Change supply and exhaust ventilation
air flows to 0.35 I/s,m2. Switch to the Advanced tab and change room unit power for cooling
to 0 W/m2. Finally go to the “Internal gains” and change the settings as in figure below. Click

“OK” to finalize your new zone template.

73 Zone defaults I @ 3 Zone defaults I &J
Settings for new Settings for new
Zones Use template Dwelling vl Zones Use template Dwelling v]
General \Amancsul Intemal gains | General | Advanced Intemnal gains ]
Internal gains
Controller setpaints no.m2 Select type and schedule
focai orzone] o) soomman [268 e S [T | E0]
Room units Air Schegule © HOUSE Iving (example) HMI
I Select AHU |Air Handling Unit 1
= ] I Joos | le <Defauit- ~|»
¥ Heating system type [+ | sensouie (©House iving (exampie) - Bl
Supply air forcav | 0.35 Lifs.m2) Energy meter E)efaull] Equipment, tenant hd
Furniture ——————————————————————— [ |
R Returnairfor cav | 0.35 Liis.m2) N Liant 0.05 || o <Defaut- [-[¥)
' of the floor 04 i Scheaule @ House lighting (example) [~
Weight  area d for gradient : 01 —
vath furniturs e cacutation Ensraymeter[Lighting, tenant ]
Ok ] [ Save as ] [ Cancel ] [ Help Sk ] [ Savena ] [ Sagesl ] [ bieln,
=
=

Note: More information about creating zone templates can be found in the getting started

guide. How zone templates can be stored in so called “resource containers” will be explained

in another lesson “Getting more experienced with IDA ICE”.
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Step 2

Convert imported IFC spaces to IDA ICE zones.

a. Firstclick on the “IFC..."” button and select “Make a separate zone every marked IFC space”:

f9

[ ] 7 v

< - J

New zone » Ordinary zone Import. IFC — — Level 0.0m

b. & Import...
S —
Mapping...

Shift...
&5 Remove

Make a single zone from all marked IFC spaces

+ Make a separate zone from every marked IFC space
Make a separate zone from every remaining IFC space (even uni arl@

Note: There are three different options on how to insert new zones from IFC spaces. Either
you can make one single zone from all of the marked IFC spaces or you can make a separate
zone from every marked space. The third option is to make separate zones from all of the
(marked or unmarked) IFC spaces that are not yet converted to zones.

b. Mark the ifc spaces as in the figure below and click “New zone”. Your 6 zones will be based
on the chosen template, in this case our newly created template Dwelling (or the template
for dwellings from your building energy code).
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mEwgrguideﬁ:G\Mwmm\mwwmmmmms-hnmlw i ion of a whole building!\Distril i gy-guid... |- || <= -'
General Floorplan 3D  Simulation Daylight Outline Summary Details
N 75 -
- I I I I [ n I
2
T I T I I 1l I e T T
o
n n
| I
14
T T T
| 19, | | | [ T [ 1 | |
= —
] 72|
h I Ll [ —
-
New zone » Ordinary zone Import... IFC.. Lock... Show. Level: 0.0m

Note: You can mark multiple zones by clicking on those one after the other, or by pressing
the left mouse button and dragging the marker over all zones to be marked.

Note: You might get some warnings about wrong mapping of building materials. If so,
rightclick on the warning field and choose “Clear messages”.

c. Click on the “IFC...” button and select “Make a single zone from all marked IFC spaces”:

lﬂ | 1 1.1 1

New zone » Ordinary zone Import. IFC.. Lock Show... Level: 0.0 m
;o:f Import... L
Mapping...
Shift...
&3 Remove

Make a single zone from all marked IFC spaces
v Make a separate zone from every marked IFC space 3 9'
Make a separate zone from every ining IFC space (evel

d. Mark the three zones as shown in the figure below and insert a 7" zone by clicking on the
“New zone” button.
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[ Energy-guide-01: C:\Users\loggi30\Desktop\EQUA\BasicCoursed8_nicht_synchronisiert\Basic Lesson 3- Annual energy simulation of a whole building\Distribute\Guide\Energy-guid... = | = |[stam]
General Floorplan 3D  Simulation Daylight Outline Summary Details

N
T Lk i I T |- i i I

TH

» Dwelling Import... IFC.. Lock.. Show... Level: 0.0 m

e. Do the same for 3 more zones in order to get the following 10 zones:

[iE] Energy-guide-02: C:\Users\loggi30\Desktop\EQUA\BasicCoursed8_nicht_sy isiert\Basic Lesson 3- Annual energy simulation of a whole building\Distribute\Guide\Energy-guide-0... | — || = |t
General Floorplan 3D  Simulation Daylight Outine Summary Details
—— —= A E——— —_—
(1 2) o
9 i
E_u:u |“ | B = i i B |
Ral
? o
x T I—T |ru [l @) H
] ;
I L | =
5] - O— (6) P |
1 I = ] — [ == =1 =1 I
Newzone | »Dwelling Import IFC Lock. Show Level 0.0 m

f. Change the name of zone @ from “Bathroom-1” to “Loundry room” by rightclicking on the
zone and selecting “Rename...”.
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g. Have look at your model in the 3D view. Can you make the picture to look like this?:

[ Energy-MyGuide: C: 99 P\Basic Course - Energy\Energy-MyGuide. =3 o8 =
General Floorplan 3D  Simulation Daylight Outline Summary Details Navigation help

Visualization

X+ Xyl y- 2e| |2z Show. Lock. = Animation X Close

h. A good thing to do while modelling is to “test simulate” the model often in order to see if
everything is all right. You can do this by pressing > in the upper menu. You do not have to
wait until simulation is done. You can press “Stop” and “Abort” to interrupt the simulation. If
the model starts to simulate and the dialog box like in figure below appears, you are ready
with the geometry.

£ Simulating the system Exercise 3. &J
2015-07-15 20:12:12
Calculation phase, period 13 469920

30
30

R i A S
30

VAVAVIAVAVE

-10
-10
-10

Outside air dry-bulb temperature

Return air dry-bulb temperature
S pply air dry-bulb temperature

_—I

Integration

Close this window after simulation




Step 3

Fill in the rest of the input data.

a.

From the General tab download location ”Stockholm - Arlanda”:
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73 Energy-guide-02: C: icCourse)Lesson E Energy-guide-02.idm (B =R =™
Genqral loc-CH Floorplan 3D  Simulation Daylight Outine Summary Details
A
Pro,eo Energy-guide-02 € Project data
: uo.:J HVAC Systems Energy Meters Usage—
& | ocation & Defaults £% Air Handling Unit A\ Lighting, facility ~
Kalmar M g and orientation @ Plant A\ Lighting, tenant
= Open... daes A\ Equipment, facility
¥ Climate “*pen with » fdges A\ Equipment, tenant
[Defautt] Kalmar-1968 ~ »@W erties M\ Elecric cooling
[® Wind Profile Load from database... ASARL A\ Fuel cooling
— o . e A\ District cooling
|© [Default urban] 7| » - rite ° ﬂtﬂbﬂs‘ oefficients Replace A\ HVAC aux
@ Holidavs RTINS and losses Supevisory control A\ Electric heating
delida,s Mapping » )
e ~]» 9 [<value not set> <] A\ Fuel heating v
Details —--) [ Rreport k7 Expand table|
@zZones (O Zonetotals () Zone setpoints () Surfaces (O Windows () Internal gains () Wall constructions (O Time schedules () Materials () Room units » More

I Flnnr I Rnnml Flanr | Heat | Conl | I

[cunntvirlRetum airl oceun | tinkte | 1ionte | Fouinma | EQUPme ] cyp i | o |

In the list of all available ASHRAE locations, jump to “S” for Sweden and select “Stockholm

(Arlanda Airport)”.

Note: Within the “location” data object, the geographical location of your building is

described as well as design day weather data for winter and summer. When downloading a
location from the ASHRAE list, you additionally get a whole-year climate file from ASHRAE,

III

describing a “typica

the getting started guide, chapter 7.

year for this location. You can read more about location and climate in

b. Select “City center” wind profile from the IDA ICE database:

7 Energy-guide-03: Drophor\BasicCourse\Lesson_Energy\ Demo\ Energy-guide-03.idm === on =]
General joc-CH Floorplan 3D  Simulation Daylight Outiine Summary Details
Ei ide-03 j
Project nergy-gui  Project datg & Load resource from database [} X
Global Data lae—
& Location & Defaults * Selecttemplate ~
Stockholm (Arlanda Airport)_024600 (ASHRA ~| » (7] Site shadin Name D“‘;‘"P" a0 | aexp
¥ Climate < Thermal brid. %0 3c oo, (ASHRAE 1993) 13 o1
[[Defaul] © SWE_STOCKHOLM-ARLANDA_C~|» @ Ground prog | *® Air port (ASHRAE 1993) 10 015
[*Wind Profile % Infiltration [®Open country (ASHRA 0.85 0.2
Suburban (ASHRAE 1... 0.67 0.25
© [Default urban v o T
L 2 e conirae
Holidays g
<value not set> | 9 =
Details Ld f'“ gatabiese: « New resource J |able]
odatabase P
@ Zones () Zonetotals () Zone setpoints Nrs 7| Name “ City center (ASHRAE 1393) ‘ lore
! :
. Grou Floor | Room Floor Heat @) D; kl
rjE' height, m | height, m | area, m2 selpﬁ'c setp.ﬁc
[E] Bedroom 3 Bedro.. 00 25 197 21 25 Available in E ide-03
[Elsedroom1 Bedo. 00 25 1302 21 25 nergyguice: =
[E] Bearoom2 Bedro.. 00 25 1089 21 25 o Toaded 2be protactad) Ch th !
- e loaded resource wil be prote ange the
Kitchen Kichen 00 25 230 21 25 Or‘"“" GEL mme BT =
B >
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Click on EM to define your default input data (see getting started guide or lesson
“Power”, Step 1). According to the input data which you find at the end of the document,
your constructions should be following (use materials from resources or load from the IDA ICE
database):

e External wall:
26 mm “Gypsum”,
30 mm “Air in 30 mm vert. air gap”,
200 mm “Light insulation”,
9 mm “Chip board (example),
30 mm “Air in 30 mm vert. airgap”,
120 mm “Brick (example)”
-> U =0.155 W/(m?%K)
e  Roof:
3 mm “Copper (example)”,
25 mm “Wood),
250 mm “Light insulation”,
26 mm “Gypsum”
-> U =0.135 W/(m%K)
e External floor (excl. ground):
10 mm “Wood”,
15 mm “Chip board (example)”,
200 mm “Concrete”,
200 mm “Light insulation”
-> U =0.166 W/(mZ?K)
e Glazing:
U=0.9W/(m),g=0.6,T=0.55
e Door:
Choose your own construction in order to get U = 1.2 W/(mZK).
e ntegrated window shading:
“Blind between panes (BRIS)”

Check that your construction has the above mentioned U-value before clicking “OK”. Use
predefined input wherever you cannot find the information in the input data list.

Note: For all walls, roofs and floors with no otherwise specified construction, the here defined
default construction will now automatically be applied.

Close the form for Building defaults and select the table “Windows”. Change the frame factor
for all windows to 0.15. After having changed it for the first window, you can copy this value
to the rest of the rows by right-clicking on the first cell and selecting “Copy” and then marking
the rest of the frame factor column, right-clicking and selecting “Paste”:

10
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In the same way change the U-value for the frame to 1.5 W/(m?K) for all of the windows.

Details EReport—
eighi Sill heigh{ Wintotal
Name Type Group | Zone | Face rom " [from oot AZmun, | SI9PE. | prea,m2| Clazing [g(sHaC)| T ?ﬁfﬂ"g b i u; U wim2| % | Contol | Schedute| Bt | OReRIng | Opening
ground, m 2 o =] =) =) =i M= 20" ke =) =i 9P | conty f=]
@ Bedroom 3Wal_. @ Window Bedio.. | Bedro..  Loundi. 09 09 800 90 188  [Defaul 08 05 09 015 o 1085  [Defaul. Sun  ©AWa. Noed. Sched. ©Nev
H Bedroom1.Wall.®Window Bedro.. | Bedro.. |Loundr. 09 09 00 900 168 [Defaul. (06 054 08 |odE o 1085 | [Defaul. Sun  |©AWa. Noed. Sched. ©Nev
B Becroomz.wall.. @ Window Bedio.. Bedro.. Loundr. 09 09 00 200 168 [Defaul. 06 0s4 02 |aws 0 1065  [Defaul. Sun  |©AWa. Noed. Sched. ©Nev
B Kitchen.wall 31f.. @ Window Kichen  Kichen  Loundr.. 09 09 1800 900 085  Defaul. 05 0s4 08 [0 o 1065  [Defaul. Sun  |©AWa. Noed. Sched. ©Nev
B Kitchen.Wall 41f.. @ Window Kichen | Kichen | Loundr.. 05 05 00 0 08 [Defaul.. |06 0s4 08 [0 o 1065  [(Defaul. S |©AWa. Noed. Sched. ©Nev
B Kitchen.Wall 5. © Window Kichen | Kichen | Loundr.. 05 05 1800 900 386  [Deul. 05 0s4 08 [0 o 1065  [(Defaul. Sun  |©AWa. Noed. Sched. ©Nev
B Kitchen.Wall ... @ Window Kitchen | Kichen |Loundi... 05 05 2700 900 08 [Defaul.. (06 0ss 08 |0 o 1065  (Defaul.. Sun  |GAWa. Noed. Sched. ®©Nev
BB LibranyWall 3. ® Window Library  Library | Loundr. 05 05 00 00 272 [Deraul. 06 0ss 08 |01 o 1065  [Defaul. Sun  |©AWa. Noed. Sched. ®©Nev
B Libraryall 41F.. @ Window Library  Library | Loundr... 05 0s 00 w0 o8 Defaul... 06 05« 0s |05 o 1085 | [Defaul. Sun  ©AWa. Noed. Sched. ©Nev
H Living roomWa... ®Window Liingr... Liingr.. |Loundr.. 05 0s 00 900 272 [Defaul. (06 054 08 |ods o 1085 | [Defaul. Sun  |©AWa. Noed. Sched. ©Nev
B Bathroomz/al... @ Window Balhvo.. Balhro.. Loundr. 16 16 2700 900 025  [Defaul. 05 0s4 02 |aws 0 1065  [Defaul. Sun  |©AWa. Noed. Sched. ©Nev
BB Bathroom.wall .. ©Window Baiho.. Baihro.. Loundr. 16 18 1800 900 025  Deu.. 05 0s4 08 [0 o 1065  [Defaul. S |©AWa. Noed. Sched. ©Nev
BB Bathroom.Wall .. ©Window Baihio.. Baihro. Loundr. 15 16 1800 800 025  [Demu.. 05 0s4 08 [0 o 1065  [(Defaul. S |©AWa. Noed. Sched. ©Nev
B Loundry room1... @ Window Baihro.. | Louncr.. Loundr.. 09 09 90 800 08  [Deau. 05 0ss 08 [0 o 1065  (Defaul. Sun  |©AWa. Noed. Sched. ©Nev

Note: The default setting for integrated shading control is “Sun”, which means that blinds are

drawn when solar radiation level exceeds a certain limit - 100 W/m? by default at the outside

of the glazing. This limit value as well as the sensor position can be changed in the General

tab under “System parameters”. In this exercise, we keep the integrated shading control as it

is.

11
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Step 4
Now it is time to do our first energy simulation.
a. Go to the Simulation tab. Before simulation you should choose to log some additional

variables. To do that click [&f Requested output. Select “Heat balance” and “Air flows in zone”.
Click “OK” to close the “Requested output” form.

Note: For large models, logging the sources of reports may occupy significant disk space.

b. Click 4 Setup gng change percentage of internal gains to 100 %. Press “Run”. This simulation
will take around 6 minutes. Time for a coffee...?

Note: The simulation process in general can be described as follows: The first popup window
represents the creation of a mathematical model (equation system) of the building. The
second popup window shows the equations being solved time step by time step. IDA ICE has
an adaptive equation time step which means that the time step shortens automatically if
there is a lot of events going on in the model (for example, fans that turn on and off, internal
gains that varies, changes in solar shading position etc.) in order to get more accurate results.

c. When simulation finishes, the results pop up automatically. Click Delivered Eneray which you
can find at the lower right corner. The delivered energy report gives an overview over all
energy delivered to the building. It includes the energy being lost in the HVAC system

(generator efficiencies, see EM) as well as the energy being lost in the distribution
system (distribution system losses, see ¥ Extra eneray and losses).

Note: Due to many possibilities of different input, your results might differ from the results in
the figure below.

Note: The results in this report is often compared to the building code or the requirements of
the certification systems, which have simpler model approaches. To find reasons for the
differences, it would be necessary to do similar simplifications even in the IDA ICE model,
which can be difficult without deep knowledge about how to influence these.

Note: There is a small cooling energy consumption in the model. The reason for this is the air
handling unit maintaining supply air temperature at 16 °C. We will remove this cooling in
step 6.

Note: Energy consumption for heating might be unreasonable low. Depending on what zone
templates you have used, internal loads might be high. In reality, there will hardly be full
occupancy in all rooms 24 hours the whole year long (which is the case in the zone templates
we created in step 1). We will consider this and adapt the internal load data in step 8.

12
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EQUA.

SIMULATION TECHNOLOGY GROUP

Delivered Energy Report

Project Building
Model floor area 143.3 m?

Customer Model volume 358.1 m?
Created by Sven Moosberger Model ground area 175.5 m*
Location Stockholm (Arlanda Airport)_024600 Model envelope area 457.0 m?

(ASHRAE 2013)
Climate file SWE_STOCKHOLM-ARLANDA_024600 | Window/Envelope 4.2 %

(IW2)
Case Energy-guide-04 Average U-value 0.1793 W/(m” K)
Simulated 10.01.2018 11:37:52 Envelope area per Volume | 1,276 m*/m?

Building Comfort Reference

Percentage of hours when operative temperature is above 27°C in worst zone

31%

Percentage of hours when operative temperature is above 27°C in average zone |24 %
Percentage of total occupant hours with thermal dissatisfaction 15 %
Delivered Energy Overview
Peak
Purchased energy demand
kWh kWh/m? kw
M | Electric cooling 116 0.8 0.32
W |HVAC aux 718 5.0 0.09
Total, Facility electric 834 5.8
W | Fuel heating 3612 25.2 3.59
M | Domestic hot water 0 0.0 0.0
Total, Facility fuel® 3612 25.2
Total 4445 31.0
[] | Lighting, tenant 2628 18.4 0.72
[] | Equipment, tenant 3596 25.1 0.54
Total, Tenant electric 6224 43.5
Grand total 10670 74.5

*heating value

Monthly Purchased/Sold Energy

KWhA

1400

1200

1000
800
600
400

200

o

ii“w. |

12 Menth

[ Facility electric Facility fuel (heating value) Tenant electric

Month Electric cooling HVAC aux Fuel heating|Domestic hot water|Lighting, tenant/Equip t,
(kwh) (kwh) (kwh) (kwh) (kwWh) (kwh)

1 0.0 £0.0 947.3 0.0 2225 305.4

2 0.0 561 764.3 0.0 208.9 203.6

3 0.0 60.2 477.1 0.0 223.1 300.7

4 0.0 58.6 137.5 0.0 215.4 296.3

5 67 £1.0 0.5 0.0 2226 305.0

6 247 59.6 0.1 0.0 215.0 292.1

7 375 62.0 0.0 0.0 223.0 303.5

8 416 62.0 0.0 0.0 223.0 200.8

9 53 58.3 0.0 0.0 2145 292.2
10 0.0 80.5 81.1 0.0 223.4 309.4
1 0.0 58.4 494.8 0.0 213.4 292.0
12 0.0 60.2 709.1 0.0 2215 305.1
Total 116.4 718.1 3611.8 0.0 2627.5 3596.1

13



d.

In the Summary tab, click on Systems eneray, The systems energy report provides an
overview over the energy delivered by all HVAC systems to the distribution systems of the

Guide — Energy simulation

building. It includes the energy being lost in the distribution system (distribution system

losses, see # Extra ener

(generator efficiencies, see sk Defaults).

and losses) pyt not the energy being lost in the HVAC system

E Q UA. Systems Energy
SIMULATION TECHNOLOGY GROUFP
Project Building
Model floor area 143.3 m’
Customer Model volume 358.1m°
Created by Sven Moosberger Model ground area 175.5 m°
Location Stockholm (Arlanda Airport)_024600 Model envelope area 457.0 m*
(ASHRAE 2013)
Climate file SWE_STOCKHOLM-ARLANDA_024600 | Window/Envelope 4.2 %
(Iw2)
Case Energy-guide-04 Average U-value 0.1793 W/(m® K)
Simulated 10.01.2018 11:37:52 Envelope area per Volume | 1.276 m*/m®
Used energy
kWh (sensible and latent)
Month | Zone heating | Zone cooling | AHU heating| AHU cooling | Dom. hot water
L ] ] . ]
1 €39.5 0.0 213.1 0.0 0.0
2 458.7 0.0 18%.2 0.0 0.0
3 292.4 0.0 136.9 0.0 0.0
4 70.3 0.0 53.4 0.1 0.0
5 -0.0 0.0 0.5 20.1 0.0
[ 0.0 0.0 0.1 74.2 0.0
7 0.0 0.0 0.0 112.4 0.0
8 0.0 0.0 0.0 124.8 0.0
9 0.0 0.0 0.0 17.8 0.0
10 42,7 0.0 30.3 0.0 0.0
11 325.3 0.0 120.0 0.0 0.0
12 482.2 0.0 156.0 0.0 0.0
Total 2351.1 0.0 899.5 349.3 0.0
lh A
8OO
T00
&00
500+
400+
300
200
100
o e
-
1 2 3 4 S & 7 8 k] 10 11 12enth
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Step 5
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Most of the building input data is set in the “Global Data” section at the upper left corner of the
General tab. You have already configured “Location”, “Climate”, “Wind Profile” and “Defaults”. In
this step we go through all the other input.

Click on 7 Site shading and orientation. Here you can insert shading buildings and change
orientation of the building. Try to insert a shading building and change its height. Try also to
change the orientation of the building by rotating the north arrow.

Click on ':E Thermal bridges nd fill in the values according to the input data report at the end
of this document. You can find more information about it in the getting started guide,
chapter 10.

Click on @ Ground properties  Here you can choose to calculate heat transport to the ground
either according to 1ISO 13370 or a simpler one-dimensional model called Ice3. Ground layers

are created by the same way as building constructions.

Note: Observe that the default ground model includes 100 mm insulation layer. Make your
own ground model with 1 m soil and no insulation. Select the same layers even for the
ground layers outside basement walls. Read the information text in the yellow field and close
the form by clicking “OK”.

Click on & Infiltration. There are two calculation methods — wind driven flow and fixed
infiltration. Select wind driven flow. Leave air tightness at 0.5, but change the unit to I/s*m2

ext.surface at 50 Pa pressure difference.

) Project data

ﬂ Infiltration: object in Exercise Energy

& Defaults

[#7 Site shading and orientation
=8 Thermal bridges

@ Ground properties

5 Infiltration

Sl Pressure coefficients
4} Extra energy and losses
i System parameters

s () Wall constructions () Time

Infiltration

r Method

Ilnﬁltratmn units |Lf(s.m2 ext. surf.) |:| I
& Wind driven flow

Air tightness Li/(s.m2 ext. surf.)

at pressure differenc Pa

Pressure coefficients

" Fixed infiltration

Flow na Li{s.m2 ext. surf)

Zone Distribution

loEd|

Distribute
proportional to

Extemal surface area

]

Wind driven flow

Air tightness in g5
Zones

at pressure difference 50

Fixed infiltration

Fixed flow in
zones

L/(s.m2 ext. surf.)

Pa

L/(s.m2 ext. surf.)

Note: Wind driven infiltration flow is modelled by one leak towards ambient for each
external wall of each zone. To get wind driven air flow through these leaks, pressure
coefficients must be set for each building face. We will do this next (see below).
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Note: Interzonal air exchange is always taken into account within the IDA ICE models. In
order to be able to balance the mass flow for each zone, a minimal leakage area (it is 0.0001
m? for the largest external wall of each zone) is needed.

Click on fS1Pressure coefiicients. values there can be entered manually (e.g. copied from
Excel) which could be obtained by a CFD calculation. However there is a simplified method to

set the pressure coefficients with predefined values. Click on “Auto fill” and slect
“Sheltered”.

Click on # Extra energy and losses . Set the average hot water use to 25 kWh/m?2 floor area
and year. This consumption is excluding losses due to a hot water circulation circuit.

Note: You can also set a schedule for the domestic hot water usage that could be useful for
power demand calculations.

Set the Domestic hot water circuit losses to 0 W/m2 and change the heating systems losses
to 10 % of heat for room units delivered by plant. Assume that there are no losses due to
cooling distribution or ventilation air ducts.

At the bottom of the same form you can find “Additional Energy Use”, where you can insert
items that consumes energy but are not a part of a heat balance for any zone. These items
could be outdoor lighting, heating cables for rain water drains etc. According to input data
list there is @ 0.17 W/m2 continuous effect of facility electricity. Add a new Extra energy item
and change its name by rightclicking, selecting “Rename” and writing “Remaining facility
electricity”. Click on the empty field for Energy meters and choose the meter called
“Equipment facility”. The “Extra energy and losses” form should now look like this (input f-h):

16
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l ﬁ Extra energy and losses: object in Energy-guide-05 IEI |

Extra energy and losses

Domestic hot water use

|25 | \kWh/m2 floor area and year v| Distribution of hot water use
Average hot
water use |© Uniform ~| ¥
[T_DHW = 55*C (incoming 5°C); find further details in Plant and Boiler; [The curve is automatically rescaled to render given average
DHW can, optionally or additionally, also be defined at the zone level] total usage]

- Distribution System Losses

Domestic hot water circuit

[ | W/(m2 floor area) % to zones*

1
Heat to zones

% of heat delivered by plant .
' 19 (incl. delivered to ideal heaters) % to zones

|
Cold to zones

y W/m2 floor area % to zones"

I
Supply air duct losses

W/m2 floor area, at dT_duct % to zones*

_to_zone 7 °C
[*Share of loss deposited in zones

None Good Typical Poor Very poor according to floor area]
- Plant Losses
Chiller idle consumption D w Boiler idle consumption D w
Additional Energy Use | Add. . I &% Remove
Nominal power,| Nominal power, | Nominal power,
Name KW Wim2 total [kW] Schedule Energy meter
@mRemaining facility e 0 0.17 0.02435 © Always on Equipment, facility

i. Now you have made several changes. Save the model and “test-simulate” it.

Step 6

We proceed with the ventilation system. You find it in the “HVAC Systems” section of the General
tab. There can be no, one or several air handling units at the same model and there are a number of
different predefined air handling units to choose from. You find these by clicking AddAHU... or
Replace... We will use the “standard air handling unit” in this exercise.

a. There is already an air handling unit inserted to our model. It is called “Air Handling Unit”.
Doubleclick on it to open its schematic view:
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-

73 Air Handling Unit: the air handiing unit in Energy-guide-06 =R ECE =
Schematic Qutline

Standard air handling unit

Setpoint for supply air temperature
Constant v k)
16.0 - Select method here

Constant

temp. [°C] Fan operation

Heat exchanger operation

dPmax=400.0 Pa
eta=0.6
Results
AHU with (by default) unlimted capacity. Supply air
temperature setpoint is either (a) constant, (b) according to a .f' \ ? AHU temperatures
time schedule or (c) a function of outside air temperature. E AHU energy
Additional parameters can be set by opening AHU components. I\\ ,\

Heat recovery: Begin by opening the heat exchanger by doubleclicking on its symbol:

=
eta=0.6

Change the effectiveness to 75%. Here you can also set the minimum allowed leaving
temperature to imitate the defrosting. In this case it is assumed to have a rotating heat
exchanger which is not so sensitive for frost. So change the temperature to -14°C.

Note: If the system has variable air flow you should fill in even design air flow at which the
heat exhange grade is fulfilled. Leave it “Unknown” this time.

7 hx a mathematical model in Energy-guide-06.Air Handling Unit E
General Outline Code
Heat exchanger
- Main parameters
Effectiveness 0-1
Capacity m*s [ unknown

r Additional settings

Minimum allowed leaving °C  (set >0 to avoid frost formation)

temperature

18
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Fans: Open supply and exhaust air fans by doubleclicking on their symbols:

dPmax=600.0 Pa
eta=06

Specific fan power for our air handling unit is assumed to be 2.0 kW/(m3/s). Divide it
between the fans by giving 1.3 to supply fan and 0.7 to exhaust fan.

Note: Here you can also set an air temperature rise due to fan motor. It is set to 1°C by
default. We leave it at this.

Note: In case of variable air flow you can give a design air flow and polynomial that describes
the fan power and air flow ratio. We leave this curve as defined in ASHRAE 90.1 app. G.

73 sf: nmf equation object in Energy-guide-06.Air Handling Unit ||
General Qutline Code

Fan

- Performance at rating

73 Cefan
Pressure rise Pa Gve SFP | |
Efficiency (electr. to air) - Specific Fan Power
SFP KW/(m?s)

- Air temperature rise

& Given constant R

Efficiency (electr. to air) -

€ Motor in air % Cancel Help
-
- VAV part load performance
Performance |© ASHRAE stnd. 90.1 (2007) app.G ]
Rated flow s
Energy meter I[Default] HVAC aux L]

Control of supply air temperature: Set the supply air temperature to constant 20°C:

Setpoint for supply air temperature

. Constant N F’;
1t t:: |
t;:: ?nm Select method here

-,

Cooling: Open the cooling coil by doubleclicking on it:
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It is not common to have cooling in residential buildings in northern europe. Turn it off by
setting effectivines of the cooling battery to O:

f'} cc: a mathematical model in Energy-guide-06.Air Handling Unit EI 3]
General Qutline Code

Cooling coil

Main p ters

Air side effectiveness 0-1 (set to zero to tum coil off)

{ Liq side temp rise G

Fan schedule: In upper right corner you can set the time schedule for the fans. Leave the air
handling unit operate continuously.

Ventilation air flows: Now you will adjust ventilation air flows. You can either do it by
opening every zone like in lesson “Indoor Climate of a Single Zone” or by opening “Zone
totals” in the General tab. Define supply and exhaust air flows as follows. At the end check
the balance between total supply and exhaust air flow.

- Details ElRep(

O Zones @*%one totals () Zone setpoints () Surfaces (O Windows () Internal gains (O Wall constructions () Time schedules (O Materials (R

Narme ’ I o Eloor ang M*Area, M'Supply M’Retum M'ngpa M*Lights, | M*Lights, | M*Equip | M*Equip |M*Volume ;;:c:gi bh:szag!‘

_ ) & height m mum%er m2 air, Iég air, lﬁ nts, “Eﬂ\s Wj kW51 mentj?l mem,ﬂyh ,m3 - i e

[E] Bedraom 3 Bedro.. 0.0 1 11.97 10.0 0.0 5985 59.85 3997 44888 29975 2992 15828 0.0
Bedroom1 Bedro.. 0.0 1 13.02 9.999 0.0 J651 65.1 4347 48825 32604 3256 16.38 0.0
Bedroom2 Bedro.. 0.0 1 10.89 10.0 0.0 05445 5445 3636 40838 2727 2724 5.56 0.0
Kitchen Kitchen 0.0 1 230 0.0 15.0 115 115.0 767.9 86.25 57596 57.49 14358 00
@ Library Library 0.0 1 13.58 20.0 0.0 0.679 67.9 4534 50.925 [340.06 3394 14927 00
Living room Livingr.. 0.0 1 26.21 20.0 0.0 1311 1311 8755 98325 65659 6552 73975 00
Bathroom2 Bathro.. 0.0 1 10.75 0.0 15.0 05375 5375 3589 40313 2692 26.88 38975 00
Entrance Entran.. 0.0 1 6.861 0.0 10.0 0.3431 3431 2291 25733 17184 1715 39025 00
@Loundry room Bathro... 0.0 1 16.47 0.0 15.0 08235 8235 549.9 61.763 41243 4118 12555 0.0
@Bathroom Bathro... 0.0 1 105 0.0 15.0 0.525 52.5 350.6 39.375 26294 2625 16.468 0.0
Total 10 143.251| 69.999 70.0 6’!631 716.31 47833 537.235 358751 358.13 111.27.. 0.0

Note: In order to have air flows between supply and exhaust air zones, there must be leaks
inserted in the internal walls. In your model there are already internal doors modeled (doors
were included in IFC model) which gives the necessary leak area.
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Step 7

Heating and cooling plant.

a. Doubleclick on the “Plant” to open its schematic view:

73 Plant: object in Energy-guide-07 = @

Schematic  Qutline

Standard Plant

| DHW
* control

r Setpoint for supply hot water —

Setback schedule

Boiler operation

Plant model with (by default) very large capacity. Supply CEEERIEE
hot water setpoint is a function of outside air temp. Chilled h
water temperatures to zones and AHU are constant
Open boiler and chiller to set parameters. 5

b. Boiler: Open the boiler by doubleclicking on its symbol and check the input parameters (we
leave them all as they are):

Note: The boiler converts purchased energy, e.g. gas, electricity or district heat, to warm
water with given temperature and pressure for circulation through water based heat
exchangers in the building. It also consumes energy for production of domestic hot water
and pumping. Boiler efficiency is by default constant, as specified in the Defaults form.

c. Open the diagram for “Setpoint for supply hot water”. Depending on the heat distribution
system you might have to change it. Leave it like it is.
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r Setpoint for supply hot water

= T—
Sy Plg

Setback schedule

Note: If you have combined systems with e.g. heat pumps, solar energy, wind turbines etc., you can
replace the ordinary plant with “ESBO-PLANT”. You can also build your own tailored plants.

Step 8

Our annual energy model is almost completed. The last remaining thing we might have to amend is
the internal gains.

Note: One of the difficulties is to place the occupants in the building in a way that the same person is
not in two rooms at the same time and to define occupancy schedules representing the real use of
the building. E.g. Swiss standards only define one “average” time schedule with 1 Person per 50 m2
for single family houses and one “average” time schedule with 1 Person per 30 m2. This makes it
simple for the zoning, as all persons are always spread homogenously over living and sleeping areas
as well as hall and bathroomes. In this step we will create a more reasonable occupancy pattern for
dwellings. As both Swedish and Swiss standards define 14 presence hours per person and day, we
will make sure to have the same. At the moment we do have 1 Person per 20 m? with a presence of
16 hours per day.

a. Go to the General tab and activate ® Internal gains_ Sort the internal gains by type by clicking
on the column title “Type”. Rightclick on the cell for Schedule for zone Kitchen and choose
“Open”. Create your own schedule and name it “Occupancy Living/Kitchen”. Adjust the
schedule to 6-7 and 17-21 every day.
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|
e

s e — A — corver 3
gy-guide 9y guide
Genegal Ioc-CH Fioorplan 3D  Simulation Daylight Ouliine Summary Detaits
Y Energy-guide-08 ©Pmoject data.
nt.uJ HVAC Systems EnergyMeters ————— Usage
& Location £ Defaults 55 Alr Handling Unit A\ Lighting, facility =
[© Stockholm (Arlanda Airport)_ 024600 (ASHRAE 2013 v| » [FSite shading and orientation @® Piant A\ Lighting, tenant
# Climate =g Thermal bridges A Emupmenl.ia:al]i”mt
[Default] © SWE_STOCKHOLM-ARLANDA_024600(M | » @ Ground pro ? e M
Occupant 1: a group i
#* Wind Prafile  Inflration
[City center (ASHRAE 1993) B0 E Bressue cd | \rober of people in group
Exdra energ
@ Holdays Schedle House iving (example) 9
<value not set> ~]» i System par Open..
[* Schedule smoothing apphe! rwith "
=r Change in Sysiem pararetes
Details . s Expand table
Ozones (O O surfaces () Windows Internal & Constant +[n2% clo e ling units
— e ) Create new resource x|
= Power, W| € Schedule :
units.
@ Living room 131 100 O
@ Bathroomz, 05375 100 IGC:UD“W Living/Kitcher| ‘:’)
QEntranceli  Vgesm Setbeen Anins  ama )
@ Loundry roc & schedule X [pton
@ Bathroom. efined in IDA ICE lesson "Energy"|
Name Al it ~ »
fm Bodroom 3 By | Occupancy Living/Kitchen
b Bedroom 1 o | yonday.Friday 1[6-7, 17-211. 0 otherwise
be Bedroom2 1. — m
k 0. e of © Schedule Data v
e Library O il
t Living 1\6 T T ¥ Tz TS Energy-guide-08 v A
Bathroo
fm Entrance e gturday 1167, 17-211, 0 otherwise e
P 10 Cancel Help
T Loundry room Of
b B3thr0OM.OCSUR (1 5ame as MonFri |_| v {
L 3 L] 9 12 15
s@) holidays 1[6-7, 17-21], 0 otherwise
1.0
05
[ same as Saturday
L] 3 L] 9 12 15
Cancel Help Advanced.

Do the same with the occupant of Bedroom 3. Name the new occupancy schedule
“Occupancy Bedroom” and define it 0-6 and 21-24 every day.

Spread these occupants over all zones in order to have 4 persons in the house with 14 hours
presence hours per day:

— — —
o cas \ EnergADs Sicm == e
General 1o¢-CH Fioorplan 3D  Simulation Dayight Qutine Summary Detalls
Projct £ Energy guide-0 Do sia
Global Oata HUAC Systema Encrgy Meters usaae
& Location S i Fandiing Unit A, Uighting, faciy ~
[ Stockhaim (Aslanda Airport)_024600 (ASHRAE 2013+ i @ Pram A\ Lighting. tenant
 Ciimate € L S8idm
[ostaut) & SwE_sTockHOUM-ARLANDA 24500 ] General loc-CH_Fioorpian 30 Simuiation Daylght Ouline Summary_Detals
I Wind Profle Project 5 Energy gude 08 OProject data
[City canter (ASHRAE 1983) > 18] Pressure cosd
= Gloti baa HUAC Systema neray eters taa0e
(0 Holidays ST | B ocation - ol Defauits A Uighting. facity -
[t et s> X S system 033 | | (o) S1ockcol (Arfanda Arpor) 02460 (ASHRAE 2013 ] [ Sita shating and cisnation A\ ot ot
Equipment iy
Themal bidoes
” Clnds 4 'A Exuipmenttenan
= [[Cetaut) © SWE_STOCKHOLM-ARLANDA_024500 > ¥ @ Ground propertiss A Electric cosiing
Qomer @ronetots Qtoneseponts O seces O imiows O merion || 0 § Shien (N Fus cosing
. i Pl A Distic cooling
Fioor | zona | warea, [urSupels [ wRetum wroczusq | | Gy comer (asiaE 1983) B0 (9 Preasure coeficients
height m | muripler|  m2 | arps | ainig |nis, rems A HWG auc
2 | | O tolidays # Extra energy and losses
T noT 100 00 [ 10 Supenisorcontel ———————— | [/A Fustnean
[cvlue ot set> < [ — s neatng
- oz sem 00 |20 == 21| || A Diticthesting .
TR wes 100 00 |10
R | [ B
o Zones Zone totals. Zone setpoints Surfsces Windows. Imte rnal gaims Vrall canstructions. Time scheduies Materials Room units Energy meters Air handiing unrts
o T . LT . } o o o o) Omeraiguns O o o s} E”Mo gy [e] 9
00 1 RLECI 1] 150 Room Floor Heat Cool | Supply air, Returnair| Occup., | Lights, | Lights, | Equipme Exfwin. Ligl
o DO e o0 ws [3) il e [mm neiht m| area. 2| selp .26 | s p | A, | 9 [0y Vgl | noimg | wimg | wihin | Wiz | e |arcame)  Ocum seneaue Lm
SETIE w00 150 T T T T BB We. oW 0@+ 00 0omse S0 [33aW S - D(wianqaenmnma ™
0o 4 15 00 150 Epeooom  Bewo. 00 25 1802 21 25 ArHa. O 0788 00 01538 S0 (83880 375 (2508 /188 | Occupancy Becroom Sedflous
10 st s 700 Eoeavemz  Bewo. 00 25 1088 21 25 ArMa. CA 0393 00 003183 50 (3333 375 (2308 188 | OccupancyBecoom  [ous
Elkctcnen Kinen 00 25 230 21 25 ArHa OW 00 0652 003696 50 (3330|375 (2508 84 | Occupancy Liingkichen [ous
Bluwary Uan 00 25 1% 21 25 AMa. OW 113 00 o 50 @3 375 (2508 38 | onewerpresent ous|
. Elingreom  Lwingr. 00 25 2621 21 25 ArMa CA 07631 00 007631 5002 (834 3751  [2808 (282 | Occupancy iingichen [ous
Eesrcom2  Bamo. 00 25 075 21 25 AHa G 00 1195 00 50  [3338 375  [2508 1025 | &Neverprusent ous|
[EErmance Entran_ 00 25 6881 21 P ArHa. CH 00 1458 00 s001 8388 3751 2808 00 © Never present tous|
Elionayioom  Bawo. 00 25 1647 21 25 AHa OW 00 09107 00 50  [3388 375 (2508 1086 | ©MNewrcresent ous,
Eearvom  amo. 00 25 105 21 25 AMa. GA 00 142 00 S0 (3338 375 2508 105 | Oneverpresens ous|
Totaim2 Odea7 0B8T O0SSES 50 33 375 20 2445

According to last energy calculation (step 4) tenant electric consumption of lighting and
equipment is 43.4 kWh/m?2. Our goal is to have 30 kWh/m? and only 70 % of the heat
produced can be taken into account. Go to the Simulation tab, press on “Energy Setup” and
adjust the percentage of internal gains for light and equipment to 30/43.4*0.7= 48.4 %. Run

the energy calculation

again.
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73 Energy-guide-08: C:\Users\Sven\Dropbox\BasicCourse\Lesson_Energy\Distribute\Demo\Energy-guide-08.idm =R
General loc-CH Floor plan 3D Sl‘mulgivon Daylight Qutline Summary Details

Project name  Energy-guide-08 ol
Genere! Modified: 10.02.2016 23:11.08

[Ef Requested output Saved: 07.02.2016 00:58:22

. Simulation data

3 Eneray X
Energy calculation
Heating load Setup » . 5
Percentage of internal gains B
Cooling load E3 Setup ) 6 Zones Gain, 0-1
Equipment R

Energy ¢ &%ﬂ Occupants

All (above) e Light

Custom w

Climate file
Advanced Level |[Defau|t] © SWE_STOCKHOLM-ARLANDA_024600(1W2) tl » F
B #0 Edit
{1} Build model Edit e
P Run k Close

Study the results and compare it with the previous energy simulation. Discus the results —
does your building meet the requirements that are set by your country’s Building Code?
What could be done to reduce the use of energy? If you have time try, different ideas and

see how much energy you can save.
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SIMULATION TECHNCLOGY GROUP

EQ UA. Delivered Energy Report

Project Building
Model floor area 143.3 m?
Customer Model volume 358.1 m*
Created by Sven Moosberger Model ground area 175.5 m°
Location Stockholm (Arlanda Airport)_024600 Model envelope area 457.0 m?
(ASHRAE 2013)
Climate file SWE_STOCKHOLM-ARLANDA_024600 | Window/Envelope 4.2 %
(1w2)
Case Energy-guide-08 Average U-value 0.231 W/(m” K)
Simulated 10.01.2018 11:59:41 Envelope area per Volume | 1.276 m*/m*
Building Comfort Reference
Percentage of hours when operative temperature is above 27°C in worst zone 1%
Percentage of hours when operative temperature is above 27°C in average zone | 0 %
Percentage of total occupant hours with thermal dissatisfaction 11 %
Delivered Energy Overview
Peak
Purchased energy demand
kWh kWh/m? kw
M | Equipment, facility 214 1.5 0.02
M | Electric cooling 0 0.0 0.0
W | HVAC aux 1197 8.4 0.14
Total, Facility electric 1411 5.8
M | Fuel heating 12930 50.3 5.55
M | Domestic hot water 3951 27.9 0.45
Total, Facility fuel* 16921 118.1
Total 18332 128.0
[] | Lighting, tenant 1280 8.9 0.35
[] | Equipment, tenant 1744 12.2 0.26
Total, Tenant electric 3024 21.1
Grand total 21356 149.1

*heating value

Monthly Purchased/Sold Energy

Kivh A
aJUuv

2800
2600
2400

7

o

200+
2000
1800+
1600
1400+
1200
1000
800
400
0
1 2 3 4 5 ] 7 8 9 10 11

Ea
12 Menth
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E c. UA. Systems Energy
SIMULATION TECHNOLOGY GROUP
Project Building
Model floor area 143.3 m*
Customer Model volume 358.1m°
Created by Sven Moosberger Model ground area 175.5m"
Location Stockholm (Arlanda Airport)_024600 Model envelope area 457.0 m?
(ASHRAE 2013)
Climate file SWE_STOCKHOLM-ARLANDA_024600 | Window/Envelope 4.2 %
(1w2)
Case Energy-guide-08 Average U-value 0.231 W/(m* K)
Simulated 10.01.2018 11:55:41 Envelope area per Volume | 1,276 m*/m?

Used energy

kWh (sensible and latent)
Month | Zone heating| Zone cooling | AHU heating | AHU cooling | Dom. hot water
L L L ] —
1 1826.0 0.0 312.9 0.0 304.2
2 1604.0 0.0 284.6 0.0 284.6
2 1314.0 0.0 250.4 0.0 304.2
4 778.6 0.0 173.3 0.0 294.4
5 292.6 0.0 98.2 0.0 3042
& 92.4 0.0 32.5 0.0 2944
7 9.1 0.0 2.0 0.0 304.2
8 245 0.0 9.7 0.0 304.2
El 222.3 0.0 62.4 0.0 294.4
10 7714 0.0 162.4 0.0 3042
11 1273.0 0.0 231.5 0.0 2944
12 1542.0 0.0 264.8 0.0 304.2
Total 9750.2 0.0 1884.7 0.0 3591.6
KWWh A
2200
2000
1800
1600
1400+
1200
1000
800
€00
400
zm__ . .
0 S
Cad
1 2 3 4 5 & 7 8 9 10 1 12enth

Utilized free energy

kWh (sensible and latent
Month AHU heat | AHU cold | Plant heat | Plant cold | Solar | Ground | Ground | Ambient | Ambient
recovery recovery recovery recovery | heat heat cold heat cold
| ] ] L ] L L L
1 1127.0 0.0
2 1030.0 0.0
2 541.0 0.0
4 714.8 0.0
5 508.0 -0.7
6 319.2 -0.6
7 222.1 -0.2
8 238.6 -1.3
9 412.8 -0.0
10 678.4 0.0
11 876.9 0.0
12 982.7 0.0
Total 8051.5 -2.8

Note: A report that includes all energy consumption at zone level can be created by clicking
on Multizone . in the Summary tab. This report helps to find the main heat losses of your
building.
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EQUA.

SIMULATION TECHNOLOGY GROUP

Energy for whole building

Project Building
Model floor area 143.3 m’
Customer Model volume 358.1 m°
Created by Sven Moosberger Model ground area 175.5 m*
Location Stockholm (Arlanda Airport)_024600 Model envelope area 457.0 m?
(ASHRAE 2013)
Climate file SWE_STOCKHOLM-ARLANDA_024600 | Window/Envelope 4.2 %
(Iw2)
Case Energy-guide-08 Average U-value 0.231 W/(m’ K)
Simulated 10.01.2018 11:59:41 Envelope area per Volume | 1,276 m*/m?®
All zones
kWh (sensible only)
E“':""a I'w'h:'lk"al Window Mech. | Infiltra- Occu-| Equi Local Local Net
Month supply | tion& o Lighting | heating | cooling
Thermal and & Solar pants | ment losses
bridges | M air | Openings units units
= = = = = = =
1 -1444.7 -0.4 -279.5 -0.6 -390.1 120.5 | 150.0 108.7 1643.6 0.0 91.4
2 -1326.1 -0.4 -195.2 -0.6 -354.3 113.0 | 137.5 101.5 1443.8 0.0 80.3
3 -1243.2 -0.9 -55.3 -1.1 -324.9 121.9 | 145.8 108.5 1182.9 0.0 65.7
4 -975.6 -1.9 123.1 -8.5 -245.3 119.5 | 143.7 104.9 700.8 0.0 38.9
5 -732.1 1.6 271.0 -42.1 -158.5 125.3 | 147.9 108.3 263.4 0.0 147
6 -577.2 -2.2 3239 | -1125 -92.5 125.7 | 141.6 104.9 83.2 0.0 4.6
7 -491.7 -0.5 335.8 | -168.9 -74.6 132.7 | 149.9 108.3 8.2 0.0 0.5
8 -441.9 8.1 256.2 | -145.5 -87.9 132.1 | 145.8 108.4 22.4 0.0 1.2
9 -524.9 3.5 119.3 -48.7 -133.0 125.7 | 141.6 104.7 200.1 0.0 11.0
10 -827.5 0.2 -54.3 -5.0 -231.6 126.0 | 150.0 108.4 694.3 0.0 38.6
11 -1075.0 -0.3 -196.2 -1.1 -303.4 119.3 | 141.7 105.1 11455 0.0 63.8
12 -1251.1 -0.1 -254.5 -0.7 -338.6 122.2 | 148.0 108.8 1387.9 0.0 77.3
Total | -10911.0 6.8 3943 | -535.3 | -2734.6 |1484.4| 1743.7 | 1280.5 | 8776.0 0.0 488.0
During
heating| _ P 7 4
(MIXED 9273.0 116.1 654.2 54.9 2532.5 | 928.6 | 1286.8 [ 917.7 8775.7 0.0 482.3
h)
During
cooling z _ P 3
(MIXED 656.7 105.9 482.9 229.7 87.3 270.8 | 173.9 152.2 0.0 0.0 0.1
h)
Rteis"t‘eof -981.3 -3.4 565.6 -250.7 -114.8 285.0 | 283.0 | 210.6 0.3 0.0 5.6

.

9 10

>
12onth
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Envelope transmission

kwh
Month Walls | Roof | Floor | Windows | Doors | Thermal bridges
L JR_NER =z = ="
1 -314.8 | -387.9 | -272.0 -347.1 -161.2 -308.8
2 -275.8 | -339,5 | -285.7 | -315.5 |-143.0 -282.1
3 -239.7 | -288.5 | -332.2 | -290.1 | -125.1 -257.8
4 -166.1 | -186.3 | -339.9 -225.9 -86.9 -196.4
5 -98.7 | -96.2 |-342.0| -172.8 -51.5 -143.8
6 -58.5 -41.6 | -346.1 -130.6 -27.3 -103.6
7 -44.1 | -29.3 | -308.5 | -118.1 -20.2 -89.5
8 -51.9 | -54.0 |-218.0| -118.3 -27.1 -50.8
9 -96.7 | -119.0 | -140.3 -143.1 -50.6 -118.3
10 -173.8 | -224.8 | -150.4 | -215.5 -82.2 -186.2
11 -242.0 | -301.1 | -167.3 -271.5 -124.5 -240.2
12 -275.4 | -345.7 | -219.2 | -305.9 | -141.8 -269.1
Total -2037.5|-2413.9(-3121.7| -2654.6 (-1051.4 -2286.5
During heating|-1864.7|-2279.3|-2119.5| -2251.6 |-1005.4 -2004.2
During cooling| -56.8 | -21.1 | -483.1| -138.1 -4.0 -92.0
Rest of time | -116.0 | -113,5 | -519.1 | -264,9 -42.0 -190.3
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Guide — Energy simulation

Input data report

Parameters

Building envelope

Thermal bridges

Infiltration

Windows

Geometry and
zoning

Room heating
units

Heating system
Air handling unit
Ventilation air
flows

Occupancy
Lights and
electric

equipment

Facility electricity

Domestic hot
water
Distribution
system losses

Climate file

Value Source
External wall: 26 Gypsum, 30 air, 200 insulation, 9 wind board, 30 air, 120 bricks IDA ICE
-> U =0.155 W/(m?%K) database
Roof: 3 copper, 25 wood, 250 insulation, 26 gypsum -> U = 0.135 W/(m?K)

External floor(excl. ground): 10 wood, 15 chip board, 200 concrete, 200 insulation

-> U =0.166 W/(m2K)

Door U =1.2 W/(m2K)

External wall / internal slab 0.11 W/(m K) -
External wall / internal wall 0.045 W/(m K)

External wall / External wall 0.08 W/(m K)

External windows perimeter 0.05 W/(m K)

External doors perimeter 0.03 W/(m K)

Roof / External walls 0.08 W/(m K)

External slab / External walls 0.08 W/(m K)

Balcony 0 W/(m K)

External slab / Internal walls 0.02 W/(m K)

Roof / Internal walls 0.02 W/(m K)

0.5 L/(s m?) at 50 Pa. The model has a right wind pressure at every time step of the equation solver. -
Building is located in “Sheltered” place for wind.

Glazing U=0.9 W/(m?K),g=0.6

Glazing shading: Blind between panes when needed

Frame factor 15 % with Frame U-Value = 1.5 W/(m?K)

Most zones are created from one room, some rooms are merged into one zone.

Setpoint for the radiators is 22 °C in all rooms.

District heating

Mechanical supply and exhaust air with heat recovery 75% and SFP = 2

Supply air: 10 L/s in all bedrooms, 20 L/s in the living room and 20 L/s in the library

Exhaust air: 15 L/s in kitchen, 15 L/s in both bathrooms, 15 L/s in the laundry, 10 L/s in the entrance

4 persons, present 14 h/day Sveby
Yearly consumption 30 kWh/m?, 70 % of the heat to zones Sveby
1.5 kWh/(m?year), always on. Corresponds to 0.17 W/m?.

25 kWh/(m?year) Sveby

10 % of heat delivered by plant to room heating units, 50 % of the heat to zones

Stockholm_Arlanda_IW2
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