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Context * Building sector: * Local authorities need
40% global energy comprehensive tools to
consumption, assess the effect of building
33% global GHG refurbishment at the city
emissions. scale in order to target
Need to accelerate and sustainable policies.

prioritize refurbishment
of existing buildings.

Objectives * Evaluate the effect of retrofitting
residential buildings on energy savings
and environmental impact at the city
scale considering their whole life cycle
for decision support in sustainable o
urban planning. .
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Why LCA at urban scale?
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Existing building stocks
]
HHH /o ¥
Building operation Refurbishment I End of life
Use stage stage

» Stages other than then the use phase become more important with the increased energy efficiency of
buildings

* LCA allows environmental impact assessment along building life cycle
* Lack of studies at the urban scale due to complexity of building stocks

* More methodological developments are needed to upscale LCA in order to support decision in

sustainable urban plans
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Our framework
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Data collection @ .
(Lidar, GIS, National Statistics, Brightway

Data from municipality)
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[1] Mastrucci et al., 2016

[2] Mastrucci et al., 2014

\l/ Inventory Environmental impact
——————————————— data assessment results [3] Nouvel et al., 2015
GIS data processing and | v
visualization | Data storage
Buildings geometry (external walls | 7 Building Q <
surface, floor surface, buildings | SQL) Database
heights), building envelope Vfsualization (results
| & inventory) @ PostgreSQ
Building stock characterization |
(library of typical building elements | PestGIS
and heating/cooling systems) [1] | Data storage -y
____________ J N,
Input data
Energy model

Resul ner man ner vin
a) Statistical approach: Multiple esults (energy demand & energy savings)

linear regression

b) Engi ing-based . Web-base tform !': i-G u
ngineering-based approach: .
Monthly energy balance (ISO 13790)[3 ed by |GUESS) E 5 s
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Design of the platform
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@ python

Scenario - &

Wel choice E" IEUEES T PostGIS

| £ | User interface %
browser | . Results A
visualization Spatio-temporal
database
PostgreSQL
L Energy model 4—
LCIA results

i’SQLite SQthe
LCI database

4( LCA module
@ python em"vent
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Building stock characterization
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* ldentification of representative
building elements - retrofitting

operations

]
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« Distribution of building elements
in the stock based on GIS data,
building permits and statistics
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City of Esch/Alzette (LU)

1949-1968
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Web-based platform LUXEMBOURG LIST@

http://smartcity-energy.list.lu

Data Catalogue ~

Map Layers
Layer Legends
Map Catalogue

Layer Catalogue
Filter layers:

Signed in as Alessio (Esch-sur-Alzette) [ Account | Logout]  Esch-sur-Alzette -

collapse | expand m-mnum
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1,101 Admin 0-100
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- |Building footprints (remarkable) | 200- 200
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Esch City - PV Potential M.
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- INUTS_1_Borders

- |_|Solar irradiation (kWh/m?2a)

Solar irradiation 2015 (kWh/m?a)

Suitable PV areas on rooftons in Esch-sur-Al
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Mass distribution AND TECHNOLOGY
» Distribution of material in » Total mass of material for different
residential buildings over the time housing types
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Results (2)

Spatial mass distribution

Material stock

(kilotonnes / ha)
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Material stock of Esch-
sur-Alzette per period of
construction of buildings

Period: 1919-48

Period: 1969-94 = 10
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LCA of housing retrofitting .
* The energy saving potential after Energy saving '§6°
retrofitting of the entire residential stock potential for 2%
is 87.7 GWh/y, corresponding to 35.3% of retrofitting ; 40 u<1970
the current energy consumption. 5 3 197095
< m>1995
* City of Esch/Alzette -
-37 % CO2 eq./y 510
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Results (4)
LCA of housing retrofitting
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* Average GWP with and without
implementing retrofitting measures

« Distribution of energy needs of
buildings for space heating - DHW
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Conclusions
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* Integrated framework to evaluate the effect of retrofitting urban building
stocks.

Integration GIS-LCA effective to gather building data in an efficient,
automated way and to visualize results for stakeholders.

Limitation of the building-by-building approach due to calculation time
when the spatial scale is increased

Possible enhancement with 3D CityGML
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Scale
City

Neighbour
hood

Building
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I Statistical | ¥ = Bo + Xfioor - Bfloor + Xocc - Boce + E Xrype,iPrype,i + €

model

-

Prediction energy
consump. city level

‘

Selection ne|gl'_1bourhood I
to investigate

‘ Model

Engineering
model

¢

Results energy consump. i Results energy consump.
neighbourhocod level neighbourhood level
Validation with ‘
measured Energy savings potential

consumption

calculation

I

Qum =Qum +7m - Qo + Qi)

Select buildings/ areas for
intervention - subsidies
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SPATIO-TEMPORAL DATABASE oxeunouns
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Relational database in PostgreSQL — PostGIS used to automatically associate elements to real
buildings and aggregate results to several scales.

Level: Building part Element/Componen
: 9 ;

] building v | building part v ] component_opaque ¥ ] material v
i INT id id INT id INT
] link_material_component ¥
id_function INT surface_typs VARCHAR(45) » name VARCHAR(30) » name VARCHAR(250)
id INT
id_housing_type INT ¥ id_building INT 2 id_constr_type INT  material_type INT
e —— % 1d_material INT
year_constr INT | 2 id_component INT B — period_start INT 1 density DOUBLE
| | < ¥ id_construction INT -
acoup_n INT | > id_window INT L _oH  period_end INT Wl conducthity DOUBLE
| * thickness DOUBLE
* lfetime INT | it INT absorbance DOUBLE specific_heat DOUBLE
L * order_layer INT
> orientation INT emissivity DOUBLE = lifetime INT
exposition INT fifetime INT >
surface_op_comp DOUBLE H——1 description VARCHAR(90)
surlace_tr_comp DOUBLE > "] glazing i

date_op_comp INT id INT

date_tr_ comp INT * name VARCHAR(45)

|
|
|
|
~ !
Poct(,l | ] component_transp ¥
Pestl g > | thick_glass DOUBLE
| id INT
e . 411 thick_gap DOUBLE
- | name VARCHAR(45) |
; i | u_value DOUBLE
| S
|
|

PostgreSOL | oo 00 ¥ id_glass INT
g_value DOUBLE
¥ id_frame INT
[—cH etime INT
surf_glass_perc DOUBLE v

Data structure based on T i — ,

shading_device INT

the std. EN 15643-2:2011 e | e

* name VARCHAR(45)

S K- thickness DOUBLE
u_value DOUBLE
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