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A parametric tool for the assessment of
operational energy use, embodied energy

and embodied material emissions in building
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Lifecycle modules according to EN 15978: 2011

* Current effort for energy and emission abatement in the building sector
requires considering energy use in building in a lifecycle perspective.

* Energy Performance of Buildings Directive Recast (Directive 2010/31/EU)
* EU 2020 climate & energy package, Effort Sharing Decisions (406/2009/EC)

* Lifecycle assessment (LCA) evaluates resource inputs (energy and mass use) to
calculate the building/component environmental impacts.
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A comparative study of different
technical and the architectural
retrofitting alternatives. Lifecycle
emissions relative to the reference
building. Lolli, N., Life cycle analyses
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* LCA s a typically
comparative study
(multiple scenario analysis)
and very time consuming.

* Optimization on
operational energy and
embodied
energy/emissions may
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 Mifferexisting LCA tools do not offer multiple scenario analysis.
* LCA and building energy calculations are often performed separately in

existing tools.
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This study focused on developing a tool that combines:
* Building energy modelling
* Environmental LCA method for buildings

* Allows multiple scenario analysis and comparison

* Multiple outputs (building embodied energy, lifecycle GHG emissions and
energy use)
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-EnergyPlus Weather Converter V7.1.0.010
Statistics for NOR_Oslo.Fornebu.014880_IWEC
Location -- OSLO/FORNEBU - NOR

{N 59-54"}{E 10- 37'} {GMT +1.0 Hours}
Elevation -- 17m above sea level
Standard Pressure at Elevation -- 101121Pa
Data Source -- IWEC Data

WMO Station 014880

- Displaying Design Conditions from "Climate Design Data 2009 ASHRAE Handbook"
- ASHRAE design conditions are carefully generated from a period of record

- (typically 30 years) to be representative of that location and to be suitable

- for use in heating/cooling load calculations.

Part 1

Calculation of monthly energy demand (space heating and cooling, electricity for
appliances, lighting and ventilation) ISO 13790:

* Uses standard weather files format (.EPW)
* Different geographical locations

SINTEF Technology for a better society




-EnergyPlus Weather Converter V7.1.0.010
Statistics for NOR_Oslo.Fornebu.014880 IWEC
Location -- OSLO/FORNEBU - NOR

N 59- 54'}{E 10- 37"} {GMT +1.0 Hours}
Elevation -- 17m above sea level
Standard Pressure at Elevation -- 101121Pa
Data Source -- IWEC Data

WMO Station 014880

Tem pera turel WeekdaydC] WeekendH(C] NightfC] Dayhoursih] Nighthoursigh] SetpointC]
Heating 21 21 19 18 6 20.5
Cooling 26 26 19 18 6 24.25
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Heating YES YES YES YES YES YES YES YES YES YES YES YES
Cooling YES YES YES YES YES YES YES YES YES YES YES YES

Temperature set point schedule

* Workdays/weekend operative temperature
* Day/night hours of operations

*  Monthly YES/NO scheduled operation
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-EnergyPlus Weather Converter V7.1.0.010
Statistics for NOR_Oslo.Fornebu.014880 IWEC
Location -- OSLO/FORNEBU - NOR

N 59- 54'}{E 10- 37"} {GMT +1.0 Hours}
Elevation -- 17m above sea level
Standard Pressure at Elevation -- 101121Pa
Data Source -- IWEC Data

WMO Station 014880

Temg Internal@eatGainsk (1 setooint[c]
Peop le Weekday Weekend
Jun Jul Aug Sep Oct Nov Dec
Number@f@People 2 3 YES YES YES YES YES YES YES
Activitydevel Light@Bnanual@vork® Resting YES YES YES YES YES YES YES
Occupancyfdhours) 16 16
Internal@eatGain:@PeopledW] 171 167
Internaleati@Gain:@PeopledW] 339

Internal heat gains from people
* Activity level
* Weekdays/weekend hours of activity
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-EnergyPlus Weather Converter V7.1.0.010

Statistics for NOR_Oslo.Fornebu.014880 IWEC

Location -- OSLO/FORNEBU - NOR

{N 59- 54'}{E 10- 37'}{GMT +1.0 Hours}

Elevation -- 17m above sea level

Standard Pressure at Elevation -- 101121Pa

Data Source -- IWEC Data

WMO Station 014880

Tempdpternal Heat'Gains
People

Ln
y

Wisekdauy Weekend
Li ghtl ng Weekday Weekend Night
Use Office Circulationreas Securitydights
Type Fluorescent Halogen LED
int  Distance@rom@uminaire@ofitBurfacedm] 2.5 35 3
In DensitydW/m2] 14.36016523 22.69659561 1.022820156
DensityE@verride@aluesgW/m?2]
Operation@hours) 16 16 8
Control@ystem Manual@®n/offBwitch Presenceetector®n/off Manual@®n/off@witch
Electricity@sedW] 1M94.11 622.54 54.55
Total@Electricity@sedW] 16771.19
Internaleat@Gain:AightingdW] 15771

Energy use for lighting
* Lighting types and lux levels

*  Weekdays/weekend/nights hours of operations

* Control systems

SINTEF
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-EnergyPlus Weather Converter V7.1.0.010
Statistics for NOR_Oslo.Fornebu.014880 IWEC
Location -- OSLO/FORNEBU - NOR

N 59- 54'}{E 10- 37"} {GMT +1.0 Hours}
Elevation -- 17m above sea level
Standard Pressure at Elevation -- 101121Pa
Data Source -- IWEC Data

WMO Station 014880

Ln
y

Tempdpternal Heat'Gains

People Wiekday Weekend _ . .
nghtm g N Weekday Weekend Night SE"IJ Oft {E; H{EE;
Ap P liances Appliancel Appliance® v e
Jistanc Type LCDEMonitor Laptopomputer

::1 Quantity 10 10

Dailythours®fperationE@veekday 8 8

Dailythours®fperationE@veekend 0 0

DensityE@esign@aluedW/m2]
Electricity@sedW] 71.90 60.00
TotalElectricity@seJW] 131.90
Internal@Heat@Gain:BAppliancesdW] 132

Energy use for appliances
* Appliance types
*  Weekdays/weekend hours of use

SINTEF Technology for a better society




-EnergyPlus Wea

tVentilation@ndIfinfiItrationIZ.osses

— Buildingfocation Urban@reas@@entre
StaUSV“CS for NOH WindowtheightboveREroundim] 5
Location -- OSLO Width@fzone/buildingdm] 8
{N59-54'} {E Length®fEone/buildingdm] 10
Elevation -- 1711 Floorioeilingtheightdm] 2.4
Standard Pressurg Ventilation:@olumedm3] 420
Data Source -- IW Day:@veekdays Day:@Bveekends Night
BuildingfType Landscape®ffice NoBnechanical@entilation No@nechanical@entilation
WMO Station O1 ' . Mechanical@@chedulemours 8
MechanicalE@irflowZateBResign@aluefm3/s]
MechanicalB@irElowRatedm3/s] 0.192 0 0
Temp 'nternal I- MechanicalHRRfficiencyd%] 85 85 85
Peoplp MechanicalBBFPIW/m3/s] 1000 1000 1000
Ty 30 V¢ Mechanical@&lectricity@sefJW] 45.71 0.00 0.00
nghtm MechanicalETotalEIRWsedW] 45.71
Heatransferoefficientdw/K] 8.23 0.00 0.00
Sn— Natural@Bchedulethours 8
NaturalE&ype®df@entilation NoGhatural@entilation Nobhatural@entilation Cross@entilation
Int Natural@&raction®f@vindowrea 0.5 0.5 0.1
Int NaturalERir#lowRatedm3/s] 0 0 1.741849809
Infiltrationdossesd1/h] 0.3 0.3 0.3
Heat@Rransfer@oefficientd W/K] 42.00 42.00 738.74

Totaltheat@ransferoefficientdW/K]

830.97

[

Natural and mechanical ventilation heat transfer

* HR efficiency

* Fans effici

ency

* Natural ventilation single side/cross ventilation

*  Weekdays/weekend/night hours of operation

SINTEF
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Type@O Qutdoor Boundary [
N Orientation
90 TiltBngle
53.0 m2

Material@ategory Product GWPRkgCO2eq) CEDAMJ) | (W/mK)  Weightlikg) Thickness@m) (m2k/W)
HeatTransferResistance Internal®Rsi 0.13
b.Timber Struduralﬂ]mber@f@)ruoe@dlﬁlne Iékd logenlc ﬂSIorweqan@oodHh\dustry NO 199.49 40168.22 0.13 1580.83 0
b.Seel Welde Spct kK 56.00 17.00 200.00 ____L__
c.InternalSurface auf[Danogps[Ebhleypsum [BoardlIB 5mm Eﬂdoor EaJI[&Balllng lekd. logeruc Rhauf: [DK 20. 25 922.78 0.58 0.02 |
c.Insulation hava@asslwool B50mm:@lava:NO 316.91 5394.78 0.04 10.00
c.Membranes Bacalﬂlapour[ﬁlarrier,lﬁﬂ5mm:[E!am[Bastindustri:ﬂSlO 18.23 983.84 0.33 0.00 l
c.Membranes orgipsWindliner-X/Utvendig-XEype EH2(GU-X): Nor gips: INOCI 77.40 1535.10 0.58 002 |
c.Timber greBoyal @opper [hpregnatedPine Mmber, Madding, @ecking, €kd. Biogenic: M greMie, 21 mm: [NO 160.64 15321.20 0.13 / 0.16
Heat@TransferResistance xternalaise 2 bebed debede Quantity@in2) — — — e 0.04
WindowBind@oorfpenings: [ 2 10.00 s | Uwalue
c.TripleGlazedUnit Pilkington@ptitherm ™25(3)4 8Ar4-1 8Ar—S(3)4,[UﬁaliJeKﬂ5,@vaJ uelD 72391 T 16701.22 10.00 v 0.5
Choosel@pening 0.00 ' 0.00 ' 0.0

r=- -l 208399 ¥ 32383.14 op « 0.10

| | |

| | |

| | |

EPDs of materials Environmental Energy
impact calculation

Part 2

Calculation of a building's embodied energy and embodied material emissions,
for phases (A1-A3) according to EN 15804

* Impact calculation for different building parts (external walls, internal walls,
floors, roof) and for technical equipment

* Data sourced from EPDs from multiple sources (EPD-Norge, IBU-Germany,
EPD-Sweden) and from Ecoinvent
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Buildingflifetime 60(years
Building@®Perimeter 36|m
: - Heated@Ground®loorArea 80({m2
c Heated@uildingfArea 160|m2
- | Heated@uilding@olume 420|m3
N " | Floor@oeiling®Height 2.4(m
H fer Heati@ransfer@miCo-
'-Emtzdl’ed-ﬁr?iszo?s- = Er%%?@f?&,? ! efficient
Choose Openi GWPRkgCO2eq) CEDEMJ) ! (W/m2K)
1.Groundwork@nd®Foundations 0 0.00 i -
2.@uterWalls 7373 234471.38 i 0.10
3.@nner@Valls 1759 62866.21 ] -
4.FloorBtructure 4826 237945.84 ] 0.85 [ et Rt
5.@uterRoof 2479 118961.33 | 0.09 I| OperationalEnerg OperationallInergyE'
6.Btairs@indBalconies 0 0.00 ! - ] Usel Emissions
7.[fTechnicalfEquipment 12144 91821.61 ! - | (kWh) (kgCO2eq) !
WholeBuildinggA1E3) 16437 654245 : ) 20113520 583@70
| 0 0 i !
Appliances | ] 0 ]
| | | |
FU:E¥m2 (] 102.73 4089.03 0 12572.63 3646.06
FU:Rtyr I 273.96 10904.08 ] 33527.00 9722.83
FUGm2/yr ! Leefill e S -1V, S I o)y

Results of single variable analysis
* Two impact categories for material use: CED and GWP
* Operational energy use/emissions

SINTEF Technology for a better society




350-mm-thick

insulation
________ - N facade 12
L m? glazed
area
Triple glazing R
0.71wW/m2k L Z&8 1 e DN ------- '
g-value 0.55
-------- |
I
S facade 18 m?

glazed area

* Tool tested on a case study: net zero emission building concept. From
Houlihan Wiberg, A., et al. (2014). "A net zero emission concept analysis of a
single-family house." Energy and Buildings 74: 101-110.

* Located in Oslo, Norway.

SINTEF Technology for a better society 13




Parameter Option | Option 2 Option 3 Option 4 Option 5 Option 6 __ Option 7

Insulation - 5_()m_m_ - 100mm 150mm 200mm 250mm 300mm | mm 0
Window type b o3ply* Vool 3-ply 2-ply Femee-
: 071 Wim'k | 2.6 Wm’k 0.50 W/m’k 1.30 Wim’k g-
: g-value 0.55 : _ _g—lalie_O.Z.S g-value 0.50 value 0.62
North window area ~ — T0m™ = L _Lmt* o 15mt 20 m* 25m’ 30 m* 35m’
South window area 10 m* 15m* L _ 18 2‘*_ _I 20 m” 25 m” 30 m° 35m°

* Variation of parameters of case study: window type, wall insulation thickness,
and glazing areas in N and S facades.

* To test the mutual influence of the different parameters
* Find optimal results within a given set of variations

SINTEF Technology for a better society




Parameter Option 1 Option 2

Option 3 Option 4 Option 5

Option 6

Option 7

[nsulation 50mm T00mm

Window type 3-ply* 2-ply

[50mm 200mm 250mm

~

3-ply 2-ply

300mm

350mm~™

2MWay [@beninglidwardswindow, IFipleldazed, With[AI
dad,I5mmiiame, exd. Biogenic: Man Mt evarefabrikk: [ toneMool high Bulkdensity [0 21-250kg/m3), B0mm: [
NO ROCKWOOLM ineralwoll [BmbHXI Co: ME 10 0 10]
Pilkington@ptifloat ™Oear @H 6Ar4,U-~value216, g~ Stonemtool highbulkdensity [ 21-250kg/m3), A00mMm: [
valuel/B ROCKWOOLM ineralwoll [GmbHIR [Co: D& 12 15
Pilkington@ptitherm ™28(3)- 8Ar-4- 8Ar-S(3)4, J-valuel| oneWool high Bulkdensity [0 21-250kg/m3), IB0mMm: O
0.5,[gtvalue@D ROCKWOOLIM ineralwoll [GmbHI& [Co: [DE 15 18
Pilkington@ptitherm ™aH 2Ar-8(3)4, U-valuedl3, g~ Stonewool highbulkdensity [ 21-250kg/m3),200mm:
valuelBP ROCKWOOLM ineralwoll [GmbHIRI [Co: OE 20 20
Stoneool highBulkdensity [ 21-250kg/m3), ZE0mm:
ROCKWOOLM ineralwoll GmbHRI Oo: DE 25 25
Sonemool highBulkdensity [0 21-250kg/m3), B00mm: O
ROCKWOOLM ineralwoll [GmbHXI [Co: D& 30 30,
Stonemtool highbulkdensity [121-250kg/m3), B60mm: [
ROCKWOOLIM ineralwoll [GmbHXI [Co: ME 35 35
Gazingd |Gazingd |Gazingd |Glazing
WindowEype [nsulationEhickness arealN aread arealS areally/
Part 3

SINTEF

1372 iterations. Outputs for operational energy use, CO

2-eq

Parameters are fed in the console for the analysis of multiple variables.
Initial values are replaced and simulations based on all permutations.
emissions, CED.

Technology for a better society




70

60

50

20 !

10

Operational energy use

g-value 0.55 g-value 0.78 g-value 0.50

g-value 0.62

Lyp =——————————
30§ &/

0.71 W/m?2k, 2.6 W/mZk, 0.50 W/m?2k,

30 ‘f““““““““““‘
s 0
204 9
291 &
494 Y
610 |

|

(o] (o)
< LN
[c¢] )]

- - T - T -— T -— T - - e - - T -
i [e)) N O n oM N o o O un oM N A0~ O N < N - O O N O
n - <t ™~ o O AN < oM O AN N o0 M O O N "N 0 ~N O o0
— — NN oM o < n wn wn O O O NN MNO 0 O O (@)} 8
B heating Mcooling MEluse-ventilation ™ El use - lighting

Result of multiple variables analysis

SINTEF

Variation of 4 window types.

1.30 W/m?2k,

1045
1103 §
1132
1161
1190
1219
1248
1277
1306
1364

El use - appliances
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Operational energy use

| | "
|
50 mm = 1 350 mm
60 " i :
| | "
| |
50 0 0 !
0 -
| ' ' '
= 40 ! 0
~ |
= 0 ) e
= | |
2 30 | 0
| |
| |
| |
20 | |
| |
| |
10 | |
| |
| |
0 | =4 - ke - b - abe
T O OO0 N OIN ST MO AN dO OO0 OIN T MmO AN O O 0N O N T O AN 1 O TN O W<
o™ < NO M OO AN NI Mm W O AT NO M OO A T ~NO MmO
HHHNNNNMMMQ‘###LDLDLDKOKDKD&OI\I\I\OOOOOOO\O\CDO\OOOHHHHNNNMMM
T
B heating Mcooling MEluse-ventilation ™ El use - lighting El use - appliances

e Variation of 7 insulation thicknesses.
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Operational energy use
70

- T
'
|
10 m? S 1t 35m?S
60 , ' ,
10mN: 1 35m°N
‘ |
50 !
D
< |
< 40 it
NE ' )
= 'R
; | I
30
x~ | "
' 2
' I
20 | H
' il
' il
10 gu liis
' il
' il
0 -
— (@) N O IN S O AN O OO0 OINS O dO0O 00N O INS MO AN IO OIN= O IO O W S
n AT NO M OO AN NOMmOVOANIMOOEAdMmOOANL O ASSNSNOANMOOASNONMmOVAOOAdA SINOMmO
T AN AN AN ANOON T TTND DN O OO ONNMNOOOWOONOOOODOODODOOOOdH-HoeaodANANANOMOMM
T
B heating Mcooling MEluse-ventilation ™ El use - lighting El use - appliances

* Variation of 7 glazed areas in N facade and 7 glazed areas in S facade (49
different simulations).
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- ! 2.6 W/m’k, 1 0.50 W/m, :
i g-value 0.78 1 g-value 0.50 !
50 |
' A I u
IR ' |
2o TYRENC R
£ | ‘ ] 0
z ! : 21 | 2
2 30 [ I | 1 @
) ! | |
I : | !
20 : ' L-! =
0 f | ns !
0 | oip '
10 I Glazi gr e ]
B : l
Ty HH\H\ m\uum AN o |
OH (@) N O IN S OO AN O OO0 OIN < - MO 1O 0O~ O Wn N O N < OO AN O o0~ O
n AT NO MO ONSINOMNMmOVONWL A mMm OO N N 0 AT NO M OO AT INO
B heating Mcooling MEluse-ventilation ™ El use - lighting El use - appliances
* Comparison of results for different combinations of paramenters: operational

energy use

SINTEF

Operational energy use
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Building embodied energy

| o o I
80 | | ) ' ] ] |
= bl :
i [0p) )
70 | N =T R l
iy ! 1 €1 - K |
60 I E' Il w ' %: : % '
) €1 1ol ) M |
ol :}uum | I i [}
E_ 50 -' i W ' ' " '
£ * : :
= 40 ) 2.6 W/mZk, : 0.50 W/mZk, i
I
30 ) g-value 0.78 ¢ g-value 0.50 "
: 0 I
. y Insulation 0 0
, thickenss | Glazing ratio :
10 | predominant ! predominant :
O ‘ D D b b b G > o> o o ' D b b G G o> a» o « --'
— N O NS N AN d O OO0~ O IN S N AN OO~ OISO AN AN OIN S N AN dO0O N O WIn S
Lﬁ AT NO MO OO AN S NOMUOVONMOOOEIdMOOOANWLO AN O AN MO ASTNOMmOVAOdASNOMmO

* Comparison of results for different combinations of paramenters: embodied
energy.
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22

21,5

N
=
|

20,5

N
o

Embodied Energy kWh/m?2/yr

19,5
*
00 *
Paretc - I
. - . g

19 optimal :,.r’ e e A S

solutions
18,5

38 40 42 44 46 48 50 52 54 56 58 60

Operational energy use kWh/m?/yr

* Comparison of results for different combinations of paramenters: embodied
energy vs operational energy use.
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Building lifecycle emissions
12

0.71 W/m?k, 0.50 W/m?k,
g-value 0.55 g-value 0.50

* Comparison of results for different combinations of paramenters: lifecycle
emissions.

11

10

kgCO2 ., /m?/yr
()]
G G G G G G G G G G G G G G G G G G Gb &b @& @& &
'-----------
- ;G G G G G G G G G G G - G @ G G @b @ @& @& .«
5-----------

0 G b &b &b &b &> -a» -

— O
N

85
113
141
169
197
225
253
281
309
337
365
393
421
449
477
505
533
561
589
617
645
673
701
729
757
785
813
841
869
897
925
953
981

1009
1037
1065
1093
1121
1149
1177
1205
1233
1261
1289
1317
1345

* Glazing ratio and insulation thickness (more than 100 mm) are unifluential
with high insulating window types.
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Current limitations:

* Energy production and Embodied energy/emissions from on-site PV systems
not included yet

*  Embodied energy/emissions of appliances, luminaires, and energy systems
not included yet

* Simplified models of energy systems (currently theoretical COP only)

* Limited number of variables (wall insulation, glazing area, window type,
shading strategy)

* Maintenance and material replacement phase is not included yet
* Material transportations is not included yet
* End-of-life phase is not included yet

Conclusions:

Useful potential for evaluating different options in zero energy/emissions
balance.

User target: professionals, students/educators
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