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e7 Energie Markt Analyse GmbH

e Research and consulting company, Vienna, Austria
e Established in 2007, before at Austrian Energy Agency

e Thematic fields
= Energy efficient and sustainable buildings
= Energy economics
= Climate and energy policy
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LCC Method and Tool e
Background NS0

M.O.0.CON®

e More energy efficient building designed
= European regulations: EPBD, EPBD2

= Trend to sustainable buildings: certificates such as LEED, DGNB, Total
Quality Building, klima:aktiv, ...

e More information on energy demand in design process
= Definition of building energy standard in initiation: e.g. passive house
= Calculation based on data of building design possible

e Little information of impacts on life cycle cost
= Project initiation: little or no information on LCC at project start

= Design phase: no quick LCC calculation during design phase,
comparison of several scenarios based on holistic approach difficult
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LCC Method and Tool
NS0

Current State of LCC-Tools

75 % of costs can be influenced in the early design phase
INITIATION CONCEPT DESIGN DESIGN CONSTRUCTION OPERATION
TOP DOWN _ BOTTOM UP
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LCC Method and Tool

Application of LCC in the design process
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cost-optimization across all phases
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LCC Method and Tool
Research questions

INITIATION

CONCEPT
DESIGN

DESIGN

=

NS0

M.O.0.CON®

CONSTRUCTION

NO BUILDING DESIGN, JUST REQUIREMENTS

BUILDING DESIGN AVAIL

ABLE

Which requirements cause which investment/
operating and energy costs?

Which defaults and characteristic values are
important for planning?

Which LCC are to be expected by the design
specifications?

Which LCC are to be expected due to design?

Which costs result from systems and component
decisions in building and building services?

Which optimization can be achieved without loss of

quality?
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Elements of the LCC Method

M.0.0.CON®

= Ruckbau

W Erneuerung

Umbau

m Energiekosten

M techn. Gebadudebetrieb

= Reinigung

M Finanzierung

M Invest

Time period

2060

2050

2040

2030
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Building Elements NS0

M.0.0.CON®

Relevance of Gives level of detail

area, costs, Costs area
system decision (quality) Element

Main staircase Side staircase
] y  Area with high
Office area Office area standardization (office): 4 3
element / quality FORMATIO

Atrium Training/conference Foyer/reception, rest./kitchen

+ Special areas, low INFORMATION
Garage Store room standardization:
Garage Central HVAC room costs ranges / quallty

Possible building categories: office, school, hotel, nursing home
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LCC Method and Tool
Energy calculation

e Calculation based on EN ISO 13790
= Monthly balance method
= European standards for Energy Performance of Building
= Application based on national standards in Austria

e Modifications
- No detailed input data necessary
- No detailed calculation besides office area
daylight calculation incorporated
calculation of thermal mass based on real components

+ + + +

products in the building)
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LCC Method and Tool: Database enerae
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Datei  Elemente  “tommdaten

-

r' Neu Meue Kostenart  eus Croope Speichern Léschen | Drucken Element kopieren 1) Kosten kopieren | (&% Neue VYersion ([ Freigabe

Elemente } Kostenarten }-"""Hilfetexte |

v X
vasi
| NI | Nutzungsbereich | Planungselement | Planungstyp | Detail Kostenbereich | Beschreibung [g
- 1 | Buirobereich Bodenaufbau Doppelboden I 2L o adanaufhan l Biirahereich Bodenaufbau Doppelboden 3 kN b
- 2 | Buirobereich Bodenaufbau Doppelboden M ore th an' 1 . 200 e | em'en:ts . Siiopereich Bodenaufbau Doppelboden 5 kN
- 3| Blirobereich Bodenaufbau Hohlraumboden FRN Bodenauroan Burobereich Bodenaufbau Hohlraumboden 3 kN
- 4| Burobereich Bodenaufbau Hohlraumboden 5kN Bodenaufbau Buirobereich Bodenaufbau Hohlraumboden 5 kN
™ 5| Burobereich Bodenaufbau schwimmender Estrich Scm Bodenaufbau Burobereich Bodenaufbau schwimmender Estrich 5 cm
@ 6 B , B ag Ku ag ' ' :
- 7 | Buirobereich Bodenbelag Kunststoffbelag appliziert Linoleum Bodenaufbau Biirobereich Bodenbelag Kunststoffbelag appliziert Linoleum
- 2| Riirnharaich Radanhalan Kimststaffhalan annliziart =¥ Radanaifhan Riirnharainh Radanhalan Kimetetaffhalan annliziart P @
< 111} E]
- Detailinformationen zum Element Kostenarten lVerIinkung | Energieveriinkung|
Nutzungsbereich / Planungselement / Art / Detail: l
Knstenarten \
Burobereich | IBodenbeIag | IKunslslofbe IKautschuk } [ Kopieren l . -
Matrisrelevant: O L '?iwm[rto 8 dlffe rent ‘.W pesER; cost... Lebensdauer = Beschreibung
TETner |
Kostenbereich:  Bodenaufbau Nr.: Y : :
Bild: | | [Z] ljl - Reinigung - Unterhaltsreinigung 8,77 | £/ NGF Blirobereich 0| Mittlerer Standard (wechsel...
Zuordnung: IBodenbeIag I @ | Techn. Gebaudebetiieb - Emeuerung 34,64 | £/nf NGF Buirobereich 20| Lebensdauer aus Studie: N...
Anzeige: I At/ Detal @ | Umbaukosten - Umbaukosten 1,00 | £/ NGF Buirobereich 0=
Kurztext:
Buirobereich Bodenbelag Kunststoffbelag appliziert Kautschuk AasEnat | Baukosten - Bawverk Aushau
Kosten / Einheit: 34,64 Beschreibung: | Kunststoffbelag, Kautschuk auf Doppelboden appliziert,
. . . o - Brandverhalten B1/01, Rutschklasse RS, < 2KV,
... 1IN COO pe rat|o 1] W|th Einheit: | €/m? NGF Buirobere Stuhlrollengeeignet, Einsatzbereich Objekt, Bestandig
gegen Zigarettenglut, ohne Ausschnitte Bodentanks [siehe
lebensdaver. [ 0 Element AP srsorgurig] bkLL0.2 n Sockelleisian ja
u H H COFE LI ALLPLAN Excel Position Menge: |F26
GOF S\WVeZ - Die Umweltmanager -
T Excel Einheit: | n# NGF Biirobereic
EucelEcetic : —
just for new buildings




LCC Method and Tool: User interface

LZK - Tool [Eingabe Gebaudekonzept] |
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Verteilung in %:
Anteil Fensterflachen in %: E

Loch- und Bandfassa...

| Doppelfassade | Glas- und Paneelfassadenl Loch- und Bandfassaden

PROJEKT WOLUMEN ELEMENTE KOSTEN ERGEBNIS NEU OFFNEN SPEICHERN ENDE WGLLADEN AKTUALISIEREN AUSWERTUNG

/ ELEMENTE (2/12)

Gesamtgebaude - FASSADE B

NTMo o fso s [sw [w [ | i N . -
Rt : Fenster % Fassodeny: EEHIEEER e | \/erk leidung vorgehanagt - Alu Compound

Opake Flachen Verkleidung: lVerkIeidung vorgehangt - Faserzement

Opake Flachen Wandkonstr.: l Stiitzen - Stb tragend, Stb. Par.

Fensterart: [Aluminiurnfenster

Bler

Verkleidung vorgehanagt - Alu Compound
Verkleidung vorgehangt - Aluwellprofil
Verkleidung vorgehangt - Faserzement
Verkleidung vorgehanat - Naturstein

Tageslichtle

hkung: [ mit AuPenjalousien

Verkleidung WDVS - EPS

Ausrichtung (Nord, Nord-Ost, Ost, $ud-Ost, Sud, Sid-
West, West, Nord-West) ausgewahlt werden. Das heilit

ac cind hic 211 16 varcrhiadans Faceadanflichan

o

Kein Sonnenschutz

Sonnenschutz: lJanusien Scheiben-zwischenraum der Yerglasung elektrisch *

o)

Allgemein

Fassadenmarkisen manuell
Jalousien elektrisch
Jalousien manuell

Loch- und Bandfassade

Glas-, Paneel- und Doppelfassade Offrungsart: |

Offnungsart: | Offnungsfliigel Band-/Lochfassade manuell

vl 1 Fenster je A

Reiniqungsbehelf: | Zugangichkeit von Innen

v| [ 100] %

v|| D‘Z

v | 1 Fenster ie@r

Jalousien Scheiben-zwischenraum Doppelfassade elekt
Jalousien Scheiben-zwischenraum Doppelfassade mant
Lamellen horizontal auskragend

H Lamellen horizontal beweglich

Lamellen honzontal feststehend




LCC Method and Tool
Approach summary

MEASURE

m Aggregation of
elements

m Variable degree of
detail

m Algorithms

m Virtual building model P

m Building elements with — =
cost database L 7L [ Boss

m Integrated energy
calculation
(consumption, load)

RESULT

REDUCTION OF INPUT-
EFFORT

- APPLICATION DURING
DESIGN PROCESS

LCC CALCULATION FROM
INITIATION OF THE
PROJECT ONWARDS

INTERACTION BUILDING
SHELL (FACADE) AND
BUILDING SERVICES
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Example 1 Eﬁ

Architectural competition nursing home N0
M.O.0.CON*
COMPETITION WORKS

landes
immobilien
gesellschaft

steiermark

Gerhard Hofer, eceee Summer Study, 7 June 2011
Dﬁ e7 Energie Markt Analyse GmbH

14



eENERGIE ]

Example 1 i

Architectural competition nursing home N0
M.O.0.CON*

ENERGY EFFICIENCY by using IEAA Tool

HEAT DEMAND

EXTERNALLY INDUCED COOLING DEMAND

=l
2
1,00 mey
h ]
05

Wh/m3a

Referenz

SOLAR COVERAGE

30,00%

N 25,00% T
€

o
£ 20,00%
g

]
S 20000
2
]

=
2 150,00
H

E
£
&

10,00% - —

— < 500% —

Referenz 01 02 03 04 05
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Example 1
Architectural competition nursing home

LCC-ANALYSIS
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NS0

M.0.0.CON®

CONSTRUCTION COSTS OPERATING COSTS
500.000
12.000.000 450.000
¥ 10.000.000 400.000
“é' 350.000 +—— —
g 8:000.000 - 300,000 1— |
[
o
°  6.000.000 - 250.000 T —
% 200.000 -
2 4.000.000 H ]
§ 150.000
o i
O 2.000.000 100.000
50.000 -
0 - 0 - ; ; ; ; ;
Project 1 Project 2 Project 3 Project 4 Project5  Reference 1 2 3 4 5 Reference
¥ Finishing works " HVAC works B Structural works H Cleaning except Facade HE Cleaning Facade 2 MOM Energy
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Architectural competition nursing home N0

M.0.0.CON®

LCC-ANALYSIS

LIFE CYCLE COSTS IN 25 YEARS REFERENCE PERIOD DEVELOPMENT OF LIFE CYCLE COSTS
50
30.000.000
)
k]
& 25.000.000 +— g
[ [
o =%
$ 20.000.000 — $ .,
o e g
~ i 2
& 15.000.000 — . e 2
w = 20
£ £
£ 10.000.000 - g
8 :
% ﬁ 10
& 5.000.000 - g
:g (]
-
0 - 0
2009 2014 2019 2024 2029 2034 2039 2044 2049 2054 2059 2064 2069
Project 1 Project 2 Project 3 Project 4 Project 5 Referenz Period of reference (2009 - 2069)
Renewal Energy “MOM ® Cleaning ¥ Invest —o—Project 1 —0—Project 2 ——Project 3 —o—Project 4 —»=Project 5 = = Reverence value
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Example 1

Decision of competition

Abstract from the protocol:

optimized solution;

«cleaning expenditures are very high
(due to atria) — optimization needed

EENERGIE ]
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NS0

M.0.0.CON®

technical quality

sociocultural quality

ecological quality

economic quality

suseful areas ought to be reduced on
program standard; the proposed
HVAC-concept reduces operating costs;
scooling requirements are quite high —
proof of summery warming of atria
under the aspect of an energy-

3 Okologische Gebiudequalitit

3.1 Energieverbrauch aus dem

Gebéudebetrieb

3.1.1 Gesamtenergiebedarf: angefihrte

EffizienzmaRnahmen
M angestrebten Primérenergiebedarf nicht
erreicht

B Tageslichtienkung (optional)

Frischwassermodule fur WW

Hofe fur Tageslichteintrag
[ HofefurPufferim Winter

3-Scheiben Verglasung

3.1.2 Emeuerbare Energietrager

ca. 10 % Solare Abdeckung
Fernwarme, Thermische Solarenergie

[l nichtdurchdachtes Konzept, alle Optionen

offen gelassen > PV (optional),
Rohrenkollektoren fiir Sorptionskalte
(optional); reversible Grundwasser-
Warmepumpe (optional), Freecooling
(optional) Adiabbate Kiihltng (optional)

3.2 Wassernutzung

M.0.0.CON

e Grafik,
aber nichtim Plan und nichtbeschrieben

Solare Abdeckung

M.0.0.CON

Fietter Kihlbedarf
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Preliminary draft of ive h N0
M.O.0.CON*
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19.000 m?2 gross floor area, 650 employees
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Simulation: facade N0
M.0.0.CON®

L= —_—r— —_—

D D D B D D .passive house standard,”
[— o— — =_—a—
peﬁ(ﬂte[—d] facade muIIi[c;‘- r?nsom-fagade twi?fa&e
|< LCC-potential 17 % 5|
37,2
33,3

construction costs

(million €) 30,0
LCC,5 53,1
(million €)
type of fagcade

perforated fagcade mullion-transom-fagade twin facade
exterior cleaning 17.800,- 30.400,- 43.000,-
(€/a)
energy costs (€/ 17.000,- 18.000,- 20.000,-
a)
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Simulation: percentage of glass N0

M.0.0.CON®
L
.passive house standard,”
perforated fagade
energy costs 4.76 %
HVAgy 60.900 60.500 61.000
520 4,02 % —9 LCC-potential ~ 0 %
= 53,1 huge comfort-potential
LCC,5 50,9 ; o
(million €) 3,15 %
percentage of
. 40 % 50 % 60 % g|ass in

daylight factor
ONORM EN15193 for 3,15 % 4,02 % 4,76 % facade
total building
construction costs 28,9 29,4 30,0
(million €)
energy costs from
*« HVAC €/a 38.000,- 38.900,- 39.900,-
* electricity €/a 22.900,- 21.600,- 21.100,-

60.900,- 60.500,- 61.000,-
cleaning costs €/a 14.500,- 16.200,- 17.800,-
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Example 2 i
Simulation: energy standard N0
M.0.0.CON®
|< LCC-potential 1 % >I
conventional low-energy passive house traditional facade with
building building punched windows
50 % glass
29,40
constructions costs 28,84
(million €) 28,74
713 70,7 —0 71,1
LZKs,
(Mio. €)
energy standard
energy costs HKLE 45 000,- 86.000,- 74.800.-
(€/a)
U-values
covering U= 0,26 U= 019 U=0,13
glass U=1,65 U=1,45 U=10,8

constucion costs
windows + wall
cladding (without

building shell) Gerhard Hofer, eceee Summer Study, 7 June 2011 29
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Example 2 A
Comparison N0
M.O.0.CON"®
e passive house vs. conventional building
construction costs difference: additional costs of ~ € 900.000,- (+ 3 %)
utilizations costs difference (full costs) reduced costs of € 47.500,-/a (- 6 %)
thereof energy costs difference (full costs) reduced costs of € 45.000,-/a (- 45 %)
70000000
payback period: I
energy costs index 3 % 19 years* £3000000
energy costs index S % 17 years 40000000
energy costs index 7% 15 years 10000000 ==BAUORDNUNG
@ PASSIVHAUS
*~parallel development 29000000
Definition standard building: lontysto
= district heating / conventional refrigerating machine 0 —
= windows / insulation-standard according to building regulations rﬁ&f&\}f&&m&’@ow°®w°’9w°’9w°’ﬁow§w°@w°%\w°%’b'v&%w°é'L&q@w'@&”@&)
Definition basic version:
=geothermal energy usage in combination with district heating and conventional refrigerating machine
=passive house: insulation standard and 3-pane-insulation
Gerhard Hofer, eceee Summer Study, 7 June 2011 23
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Summary NS0

e Further developments:
= LCC method and database also applicable for refurbishments
= Incorporation of LCA calculation

e Reliable prediction of investment and follow-up costs

= already applicable during the project initiation phase (space and
functional program),

= during early design phases
e Cost basics for energy efficient optimization of buildings
e Methodical basis for calculation of cost optimal level

e Reliable and comprehensible fundamentals for decision
making for energy efficient buildings
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Thank you for your attention

Gerhard Hofer

e7 Energie Markt Analyse GmbH
Theresianumgasse 7/1/8

1040 Vienna

Austria

T +43 1 907 80 26 - 55
F+43 1907 80 26 - 10
gerhard.hofer@e-sieben.at
www.e-sieben.at
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