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

and embodied material emissionsbuilding
SINTEF Building and Infrastructure
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Lifecycle modules according to EN 15978: 2011

Current effort forenergy and emission abatememb the building sector
requires consideringnergyuse in building in &fecycle perspective

Energy Performance of Buildings Directive Recast (Directive 2010/31/EU
EU 202&limate & energyackage, Effort Sharing Decisiod8@2009/EC)

Lifecycle assessment@A evaluatesesource inputgenergyand massuse) to
calculate thebuilding/component environmental impacts.
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A comparative study of different
technicaland the architectural
retrofitting alternatives. Lifecycle
emissions relative to the reference
building. Lolli, N.Life cycle analyses

of CO2 emissions of alternative |
retrofitting measuresNTNU, 2014. 100 QY
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energy/emissions may
WiiEay.existing LCA tools do not offer multiple scenario analysis.

LCAand buildingenergycalculations are ofteperformed separatelyin
existing tools.
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This study focused on developingoal that combines:
A Building energy modelling
A Environmental LCA method for buildings

A Allowsmultiple scenario analysiand comparison

A 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 ofmonthly energy demandspace heating and cooling, electricity for
appliances, lighting and ventilation) 13679Q

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

Temperat ure Weekday [ Weekend [ Night [T Day hours[h] Night hours[h] Setpoint [
Heating 21 21 19 18 6 20.5
Gooling 26 26 19 18 6 24.25
Jan Feb Mar Apr May dun dl Aug Sep Oct Nov Dec
Heating YES YES YES YES YES YES YES YES YES YES YES YES
Qooling YES YES YES YES YES YES YES YES YES YES YES YES

Temperature set point schedule

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

A 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

Temd Internal Heat Gains - setwoint(c]
Peo pl e Weekday Weekend .

Jun Jul Aug ep Oct Nov
Number of People 2 3 YES YES YES YES YES YES
Activity Level Light manual work Resting YES YES YES YES YES YES

Occupancy (hours) 16 16

Internal Heat Gain: People [W] 171 167

Internal Heat Gain: People [W] 339

Internal heat gains from people
A Activity level
A 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

Temrdpternal Heat'Gains
Peo le Weekday Weekend
LI ght Ing Weekday Weekend Night e
Use Cffice Qrculation areas Security lights YES
Type Huorescent Halogen LED
inl  Distance from luminaire to lit surface [m] 25 35 3
In Density [W/m2] 14.36016523 22.69659561 1.022820156
Density - override values [W/m2]
Operation (hours) 16 16 8
Control System Manual on/ off switch Presence detector on/ off Manual on/ off switch
Hectricity Use [W] 1094.11 622.54 54.55
Total Hectricity Use [W] 1771.19
Internal Heat Gain: Lighting [W] 1771

Energy use folighting

A Lighting types and lux levels

A Weekdays/weekend/nights hours of operations
A Control systems
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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

Temrdpternal Heat'Gains
People Wiekday Weekend .
nghtm g N ) Weekday Weekend Night SE"IJ Of' {ES: ?IES
Appl lances Appliance 1 Appliance 2 YES 'Es
Jistane Type LCD Monitor Laptop Computer
i Quantity 10 10
Int . .
Daily hours of operation - weekday 8 8
Daily hours of operation - weekend 0 0
Density - design value [W/m2]
Hectricity Use [W] 71.90 60.00
Total Bectricity Use [W] 131.90
Internal Heat Gain: Appliances [W] 132

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

SINTEF Technology for a better society




-EnergyPlus Wea
Statistics for NOR

tVentilation and Infiltration Losses

Building Location

Urban areas - centre

, Window height above ground [m] 5
Location -- OSLO Width of zone/building [m] 8
{N 59- 54} {E Length of zone/building [m] 10
Elevation -- 171} Hoor to ceiling height [m] 24
Standard Pressur Ventilation: volume [m3] 420
Data Source -- IW Day: weekdays Day: weekends Night
Building Type Landscape office No mechanical ventilation No mechanical ventilation
, Mechanical - schedule hours 8
WIMIO Station 01 Mechanical - air flow rate - design value [m3/9]
. Mechanical - air flow rate [m3/ ] 0.192 0 0
cdrvternal H Mechanical HRefficiency [%4 85 85 85
Pao Pl = Mechanical - FP[W/m3/ 5] 1000 1000 1000
Ty~ Y Mechanical - Hectricity Use [W] 45.71 0.00 0.00
Lightin Mechanical - Total B Use [W] 45.71
Heat transfer coefficient [W/ K] 8.23 0.00 0.00
— Natural - schedule hours 8
Natural - type of ventilation No natural ventilation No natural ventilation Qoss ventilation
Ini Natural - fraction of window area 0.5 0.5 0.1
Int Natural - air flow rate [m3/s] 0 0 1.741849809
Infiltration losses[1/h] 0.3 0.3 0.3
Heat transfer coefficient [W/ K] 42.00 42.00 738.74

Total heat transfer coefficient [W/K]

830.97

Natural and mechanical ventilation heat transfer
A HR efficiency

A Fans efficiency
A Natural ventilation single side/crosgntilation
A Weekdays/weekend/night hours of operation
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Type 1 Qutdoor Boundary
N Crientation
90 Tilt Angle
53.0 m2

Material Category Product GWP(kgQD2eq) CED(MJ [ W/mK)  Weight (kg)  Thickness(m)  (m2k/W)
Heat Transfer Resistance Internal Rsi 0.13
b.Timber Sructural Timber of spruce and plne excl. b|ogen|c Norweg|an wood industry: NO 199.49 40168.22 0.13 1580.83 0
b.Seel \Welded ed d J e sections: Rukk 56.00 17.00 200.00
c.InternalQurface auf Danoglps Solid Gypsum Board 12 5mm |ndoor wall & celllng excl. blogenlc Knauf DK 922.78 0.58 0.02 [
c.Insulation ava glass wool, 350mm: Gava: NO 316 91 5394.78 0.04 10.00
c.Membranes JBaca Vapour barrier, 0,15mm: Baca Plastindustri: NO 18.23 983.84 0.33 0.00 l
c.Membranes lorgips Windliner-X/ Utvendig-Xtype BH2 (GU-X): Norgips: NO 77.40 1535.10 0.58 0.02
c.Timber | re Royal Gopper impregnated Pine Timber, adding, decking, exdl. biogenic: M| re Tre, 21mm: NO 160.64 15321.20 0.13 0.16 |
Heat Transfer Resistance ernal Ree . b T b Quantity(m2) — — — a ] 004
Window and Door Openings: 2 10.00 s | Uvalue
c.TripleGlazedUnit RAilkington Optitherm, 43)-18Ar-4-18Ar-J3)4, U—Valile 0.5, g-value 50 72391 | 16701.22 10.00 v 0.5
Choose Opening 0o b o000 ] 0.0

r=- -l 2084 88 4 g2383.14 ope - 0.10

| | |

| | |

| | |

EPDs of materials Environmental Energy
impact calculation

Part 2

Calculatiorof a building'ssmbodied energyandembodiedmaterialemissions
for phases (AJA3) according to EN5804

A Impact calculation fodifferent building parts(external walls, internal walls,
floors, roof) and for technicaquipment

A Data sourced fronEPD$rom multiple sources (ERRorge, IBUGermany,
EPDBSweden) and fronkcoinvent
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.| Building Lifetime 60|years
Building Perimeter 36|m
- | Heated Ground Hoor Area 80[m2
1 | Heated Building Area 160|m2
“'"4 Heated Building Volume 420[m3
~| Hoor to Ceiling Height 2.4|m
er| Heat Transfer  Co-
“Embodied Emissions | Embodied Energy Y efficient
. GWP (kgC02eq) M) | wmK
1. Groundwork and Foundations 0 0.00 i -
2. Outer Walls 7373 234471.38 i 0.10
3. Inner Walls 1759 62866.21 ] -
4. Hoor Sructure 4826 237945.84 | 0.85 |ttt ettt Sttt |
5. Outer Roof 2479 118961.33 | 0.09 §| Operational Energy | Operational Energy |
6. Sairsand Balconies 0 0.00 ! - (] Use Emissions
7. Technical Equipment 12144 o1g2161 i 0 (KWh) (kgQO2eq)
Whole Building (Al - A3) 16437 654245 1 ) 2011 620 583 370
_ 1 ] H ]
Appliances \ 0 0 0
| | | |
RU: /m2 (] 102.73 4089.03 0 12572.63 3646.06
RU: /yr | 273.96 10904.08 | 33527.00 9722.83
FU: /m2/yr | o'} N I Yy s

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

SINTEF
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350-mm-thick

insulation
________ - N facadel2
]
m? glazed
area
Triple glazing R
071wtk IS8 1 es - '
g-value 0.55

-------- -

Sfacadel8 n?
glazedarea

A Tool tested on a case studyet zero emission building concept. From
HoulihanWiberg A, et al. (2014). "A net zero emission concept analysis of a
singlefamily house.'Energy and Building&l: 101:110.

A Located in Oslo, Norway.
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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 0 _ _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°

A Variation of parametersof casestudy: windowtype, wall insulationthickness
andglazingareas in N and facades

A To testthe mutual influenceof the different parameters
A Findoptimal resultswithin a givensetof variations
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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

350mn

ki

2 way opening inwards window, Triple glazed, with Al
clad, 105mm frame, excl. biogenic: Lian Trevarefabrikk: |Sone wool high bulk density (121-250kg/ m3), 50mm:
NO ROCKWOOL Mineralwoll GmbH & Co: DE 10 0 10
Rilkington Optifloat, Qear 4-16Ar-4, U-value 2.6, g- Sone wool high bulk density (121-250kg/ m3), 100mm:
value 78 ROCKWOOL Mineralwoll GmbH & Co: DE 12 15
Rilkington Optitherm  493)-18Ar-4-18Ar-S3)4, U-value [Sone wool high bulk density (121-250kg/ m3), 150mm:
0.5, g-value 50 ROCKWOOL Mineralwoll GmbH & Co: DE 15 18,
Rilkington Optitherm  4-12Ar-§3)4, U-value 1.3, g- Sone wool high bulk density (121-250kg/ m3), 200mm:
value 62 ROCKWOOL Mineralwoll GmbH & Co: DE 20 20

Sone wool high bulk density (121-250kg/ m3), 250mm:

ROCKWOOL Mineralwoll GmbH & Co: DE 25 25

Sone wool high bulk density (121-250kg/ m3), 300mm:

ROCKWOOL Mineralwoll GmbH & Co: DE 30 30

Sone wool high bulk density (121-250kg/ m3), 350mm:

ROCKWOOL Mineralwoll GmbH & Co: DE 35 35

Glazing Gazing |Gazing Glazing
Window type Insulation thickness areaN areaE area S areaW
Part3

A Parameters are fed in the console for thealysisof multiple variables
A Initial values are replaced amsinulations based on all permutations
A 1372iterations. Outputs for operational energy use, Lemissions, CED.

SINTEF
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Operational energy use
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o0 | 0.71 W/nk, 2.6 W/nvk, 0.50 W/nvk, 1.30W/m?k,
: g-value0.55 g-value0.78 g-value0.50 g-value0.62
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Resultof multiple variablesanalysis
A Variation of 4 window types.
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