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Objectives

1. develop a new sustainability assessment tool for hospital buildings in
Flemish region from the life cycle thinking approach, applicable in the

early design phase

2. energy consumption calculation using the parametric design in the

early design phase
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Methodology

1. Life cycle assessment (LCA) - MMG method converted into an Excel-

based tool at the Architectural Engineering division (KUL)

2. Life cycle costing (LCC) - Excel-based tool developed at the
Architectural Engineering division (KUL)
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Methodology

3. Parametric design (Rhinoceros + Grasshopper + Honeybee and

Ladybug) — energy consumption calculation

Rhino + GH
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Tool description

Tool’s interface — 2 Excel-based spreadsheets, “Concept” and
“one building scenario”

‘Rlonceptakadidpyrad

Building layout
Linked pavilion Atrium Podium with tower Podium with 2 or more towers Monoblock
P &
Q, D 4«
Method for energy calculation Gross heating demand Energy for heating 15 kWh/m?.year
Efficdency of installations (in %) 87,44%
Energy source heating Natural gas, burned in boiler condensing modulating >100kW/RER Electricity (ventilation, lighting 150 kWh/m?.year
Electricity source Electricity, low voltage, production Electrabel green
Water souce Water, tap water, at user/RER U_H Water consumption 400 U/bed.day

Ventilation rate (/h)
Eq'D

—
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Tool description

“Concept” dashboard

Scenario 1 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6 |
floor2_argex30_PE_polished con{flooré_argex18_PE_screed cemeqfloor7_argex13_PE_screed cemeqfloor3_ergex31.5_PE_screed cen{flooré_argex18_PE_screed ceme(floorb_argex18_PE_screed cement7
floor8_argex30_polished concret{floor8_argex30_polished concret|{floori_argex32.5_PE_screed cemfloor1_argex32.5_PE_screed cem|floor8_argex30_polished concret{floor8_argex30_polished concrete-2

Scenario 2

|Lblw_05_prefab_concrete 14.5 dLblw_05_prefab_concrete 14.5 dLblw_05_prefab_concrete 14.5 dLblw_02_concrete 27 cm Lblw_05_prefab_concrete 14.5 dLblw_05_prefab_concrete 14.5 cm
|EW_16_brick_PUR14_arch concrd EW_15_brick_PUR10_arch concrdEW_01_precast conc 24_PUR12_JEW_12_concrete block_PUR11_f{EW_15_brick_PUR10_arch concrdEW_15_brick_PUR10_arch concrete

Scenario 3 |Lbiw_02_concrete 27 cm Lblw_04_prefab_concrete 16 cm|Lblw_02_concrete 27 cm Lblw_04_prefab_concrete 16 cm|Lblw_04_prefab_concrete 16 cm(Lblw_04_prefab_concrete 16 cm|
nLbiw_10_gypsum wall 12.5 cm |nLblw_05_sandwich panel 12.5 dnLbiw_10_gypsum wall 12.5 cm |nLblw_05_sandwich panel 12.5 dnLblw_05_sandwich panel 12.5 dnLbiw_05_sandwich panel 12.5 cm
nLbiw_09_gypsum wall 11 cm _ |nLbiw_11_gypsum wall 15cm _ |nLblw_09_gypsum wall 11 cm __ |nLblw_08_gypsum wall 10cm __ |nLbiw_11_gypsum wall 15cm _ |nLbiw_11_gypsum wall 15 cm |

Scenario 4 SF_02_mineral fibre + PVC cover|SF_06_mineral fibre + ceramic til|SF_02_mineral fibre + PVC cover|SF_08_mineral fibre + PVC cover|SF_06_mineral fibre + ceramic til|SF_06_mineral fibre + ceramic tiles
SF_20_mineral fibre + PVC on caySF_18_MDF suspended ceiling + {SF_20_mineral fibre + PVC on caySF_14_mineral fibres + ceramic t{SF_18_MDF suspended ceiling + {SF_18_MDF suspended ceiling +ind
staircase_01 staircase_01 staircase_01 staircase_01 staircase_01 staircase_01 ]

i |Flat roof_6_green roof - extensiyFlat roof_03_minerale fibres+con|Flat roof_6_green roof - extensiyFlat roof_05_MDF+concrete Flat roof_03_minerale fibres+conFlat roof_03_minerale fibres+concre

|Concrete column Concrete column Concrete column Concrete column Concrete column Concrete column
[PvC_glassi.1 wood painted_glass2.9 ALU_glass1.1 ALU_glass1.1 wood painted_glass2.9 wood painted_glass2.9
door_01_98 x 211.5 sliding_door_01_123 x 248.5 door_01_98 x 211.5 door_01_98 x 211.5 door_01_98 x 211.5 sliding_door_01_123 x 248.5

Scenario 6
AP - REF - high-rise elevator, 20 |AP - REF - high-rise elevator, 20 |AP - REF - high-rise elevator, 20 |AP - REF - high-rise elevator, 20 |AP - REF - high-rise elevator, 20|AP - REF - high-rise elevator, 20 stc
AP - REF - low-rise elevator, 8 st{AP - REF - low-rise elevator, 8 st|AP - REF - low-rise elevator, 8 st{AP - REF - low-rise elevator, 8 st{AP - REF - low-rise elevator, 8 s{AP - REF - low-rise elevator, 8 stop:

Reset materials l
SFH - REF - electrical services, c{SFH - REF - electrical services, c{SFH - REF - electrical services, c{SFH - REF - electrical services, c{SFH - REF - electrical services, c{SFH - REF - electrical services, cabl
g 0 [ 0 1 0 [ 0 1 0 1 0
Energy for heating and cooling 15 135 15 90 124 100
Electricity (ventilation, lighting, 1 150 140 150 120 135 130
Water consumption 400 500 400 350 300 298
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Tool description

Rhino + Grasshopper + Honeybee + Ladybug
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Results

“Concept” dashboard

RESULTS ENVIRONMENTAL COSTS
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Scenario 1

Scenario 2

Scenario 3

Scenario 4

Scenario 5

Scenario 6

Oland use: transformation, biodiversity - tropical rainforest
Bland use: transformation, biodiversity - tropical rainforest
Bland use: transformation, biodiversity - forest
BLand use: transformation, biodiversity - agricultural
BLand use: transformation, biodiversity - urban
BLand use: transformation, biodiversity - all

BLand use: transformation, soil organic matter
BLand use: occupation, biodiversity - forest

BLand use: occupation, biodiversity - agricultural
BLand use: occupation, biodiversity - urban

Bland use: occupation, biodiversity - all

BLand use: occupation, soil organic matter

OWater scarcity

BEcotoxicity: marine

BEcotoxicity: freshwater

BEcotoxicity: terrestrial

Slonising radiation - ecosystems

Wlonising radiation - human health effects
BParticulate matter

®Human taxicity - non-cancer effects

®Human toxicity - cancer effects

WDepletion of abiotic resources - fossil fuels
BDepletion of ablotic resources - elements
BPhotochemical oxidant formation

DEutrophication

BAcidification for soil and water

B0zone depletion

BGlobal wanming

Doperational water use_CEN+
Doperational water use_CEN
Boperatinal electricity use_CEN+
Soperatinal electricity use_CEN
@moperational energy use_CEN+
Goperational energy use_CEN
WEOL_CEN+

WmEOL_CEN

@transport to EOL_CEN+
@transport to EOL_CEN
@mdemolition_CEN+
mdemolition_CEN
@refurbishment element_CEN+
@refurbishment element_CEN
arefurbishment worksection_CEN+
@refurbishment worksection_CEN
®big maintenance_CEN+

Wbig maintenance_CEN

msmall maintenance_CEN+
msmall maintenance_CEN
Wcleaning_CEN+

Mcleaning CEN
mconstruction_CEN+
mconstruction_CEN

Btransport to site_CEN+
Btransport to site_CEN
@mproduction_CEN+
@production_CEN



Results

“Concept” dashboard
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Results

“one building scenario” dashboard
[WPACT WOICATORS |

Scenario 1 OLand use: transformation, biodiversity - tropical rainforest
OLand use: transformation, biodiversity - forest
400 @Land use: ion, biodiversity - agri
@Land use: transformation, biodiversity - urban
OLand use: transformation, biodiversity - all
350 @Land use: transformation, soil organic matter
OLand use: occupation, biodiversity - forest
@Land use: occupation, biodiversity - agricultural
300 BLand use: occupation, biodiversity - urban
alLand use: occupation, biodiversity - all
@Land use: occupation, soil organic matter
E 250 - mWater scarcity
L @ Ecotoxicity: marine
: | Ecotoxicity: freshwater
£ 200 -+ mEcotoxicity: terrestrial
—
3 @lonising radiation - human health effects
150 1 \ OParticulate matter
.\\ OHuman toxicity - non-cancer effects
100 @Human toxicity - cancer effects
@ Depletion of abiotic resources - fossil fuels
V @ Depletion of abiotic resources - elements
50 ical oxidant formation
/ BEutrophication
% @ Acidification for soil and water
0+ r 2 WOzone depletion
CEN CEN+ TGlobal warming
GRAPH PRESENTATION
VIEW RESULTS

analyze life cycle phase production

analyze monetary impact: Global warming
analyze impact equivalents: |Global warming

building life span : | 30 |
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Results

“one building scenario” dashboard

BL|BUILDING ELEMENTS |

Scenario 1: pTOdUCtIOl'I O (6+) installations (electricity cables)
O (6+) installations (lighting)
120 O (6+) installations (lowrise elevator)

O (6+) installations (highrise elevator)
@ (5+) installations (ventilation)

100

B (5+) installations (cooling)

O (5+) installations (heating)

B (32+) doors

O (31+) windows

@ (28.2+) free-standing column
B (27.1+) flat roof

B (24+) stairs

@ (23+) storey floor - type 2

euro/m2 fl area

PET T TS NN _es

@ (23+) storey floor - type 1

40 @ (22.3+) non-loadbearing intemal wall
B (22.1+) loadbearing internal wall
B (21+) external wall

@ (16+) cellar wall

@ (13+) floor on the ground - type 2
@ (13+) floor on the ground - type 1
m (13+) cellar floor - type 2

m(13+) cellar floor - type 1

20

CEN CEN+ TOTAL
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Conclusions and further steps

Developed tool — advantage lies in ability to apply LCA and LCC on
hospital building from an early design phase

Combining with Rhinoceros and plugins Ladybug and Honeybee allows for
modelling the energy consumption from a concept phase — applicable in
different climatic contexts

The combination of the LCA, LCC and parametric design for energy
calculation - a powerful tool to optimise a hospital building
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Conclusions and further steps

Include the electricity calculation (ventilation, lighting, cooling, medical
technical equipment)

Refine the energy calculation for spatial heating to be in line with the EPB
norms in Flanders

Include the HVAC installations in LCA and LCC analysis

Validation of the developed tool through its application in upcoming
competitions
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Thank you !

milena.stevanovic@kuleuven.be

Division of Architectural Engineering

Department of Architecture - Faculty of Engineering
Science

KU Leuven

Kasteelpark Arenberg 1 box 2431 | B-3001 Leuven

http://architectuur.kuleuven.be/architectural-engineering
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