~ T p_—
FICUP 201‘%‘ >

First Internationa nce on
Quito - Galapagos B |

s ST

To evaluate the sustainability of
urban planning projects through an

LCA approach: example of application of

the NEST tool and requirements for its use:in

the context of Ecuador and Latin America
n \ UN e
Nicolas SALMON, YES Innovation - PUCE g

Grace YEPEZ, YES Innovation — UDLAzaRd
Marc LOTTEAg,/No batei ;



tek

TECHNOLOGICAL RESOURCES CENTER

SUSTAINABLE TECHNOLOGY,
CONSTRUCTION AND DEVELOPMENT

Based in Anglet, France

P YES

innovation

INNOVATION AND TECHNOLOGICAL SERVICES

CONSTRUCTION, ARQUITECTURE,
URBAN PLANNING

Based in Quito, Ecuador
www.yes-innovation.com



nobatek P ﬁjﬁS\
Designing a new district:

how to evaluate quickly and effectively a design scenario ?

District planning scenario

Place Mondésir

Rue Aristide Briand




State of the art : tools for evaluating urban planning impacts

QUALITATIVE
evaluation

QUANTITATIVE
evaluation
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Objectifs

-

Assurer l'integration et |
urbain et les auires echel

erence
lles du territoire

Préserver les ressources naturelles et favoriser
la qualité environnementale et sanitaire de
'aménagement

Promouvoir une vie sociale de proximité et

ananer les dynamiques économiques

Themes

/1. Territoire et contexte local

2. Densité

3. Mobilités et accessibilité

4. Patrimoine, paysage et identité
\ 5. Adaptabilite et évolutivité

/6.Eau
| 7. Energie et climat
8. Matériaux et équipements
9. Déchets
10. Ecosystémes et biodiversité
11. Risques naturels et technologiques
12. Santé

/13. Economie du projet
14. Mixités et usages de l'aménagement
15. Ambiances et espaces publics
16. Insertion et formation

7. Dynamiques économiques locales
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. 1.0E-02

1.6E-03
25604

l 4.0E-05
. 6.3E.06

1 1.0E-06

photochimique 1,82E+04 Kg C2H4

Dommages & la santé 9,02E+01

- Standard
- Base
Meilleures Pratiques

Energie consommée 7,20E+06 GJ

Odeur 3,17E+06 Mm3 Eau utilisée 1,50E+07 m3

Production d'ozone Epuisement des ressources

abiotiques 1,27E+06 kg antimoine

Déchets inertes produits 1,10E+05

DALY —
po O, Y
ilvﬁn,.,.uuu ‘2’{:. Ve T .
=




tek ¢PYES

innovation

MASTERPLANNING early stages > need for better suited EVALUATION tools

3 2

LEVEL OF DATA in an early phase REQUIREMENTS

> Early phase: urban planning competition or > Consistent with architects’ ways of working and
outline proposals the level of information in an early design phase
> Site of construction + urban program + > Evaluation through understandable and
sustainability objectives objective (quantitative) indicators

> General geometry of buildings, land occupation, > Evaluation based on 3D modelling and impact
roads and circulations visualisation clearly linked to design options

> General characterization of roads composition, > To allow comparing design scenarios

green areas and available public transportation
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Designing a new district:
how to evaluate quickly and effectively a design scenario ?

Life Cycle Analysis (LCA) District planning scenario
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NEIGHBOURHOOQOD
EVALUATION FOR
SUSTAINABLE
TERRITORIES
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Neighborhood Evaluation for Sustainable Territories

A decision support tool for early stage urban planning through
environmental performance assessment

Quantitative assessment of environmental impacts through a set of 6
environnemental performance indicators

= LCA indicators

* Flow indicators
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* Environmental performance : multi-dimension, interconnection

Sustainability issue Indicators

Materials consumption =
EDL RGN Al | and use (biodiversity)

vaemenTS —> Waterrunoff )

d@Slgﬂ \ Transportation scenario mp | == - Air quality
Accessibility  m—)

Initial investment ) Economy

Roads and

AN

* Need for a tool to support environmental performance reflexion and to
objectivize projects environmental impacts.
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NEST environmental indicators

tal primary energy consumptiJ Primary Energy consumption and CO,eq emissions throughout
ncludes: Buildings constructig the entire lifecycle of the neighborhood : accounts for buildings
and infrastructure construction (materials) & operation
(heating, DHW, ventilation, lighting, specific electricity) +
transportation

nd use (impact on biodiversity Biodiversity loss (PDF) related to land transformation and land
ncludes: land transformation;| occupation

ste generation and valorization
ncludes: construction and demolition waste, household waste

lu FLOW ated by the dISltrIf)t (m3) | |
no transports, buildings heating fumes (gas and wood boilers).

ter consumption in the district
ncludes consumption from: construction of the dwellings, use of dwellings, maintenance of gardens
includes separately: drinking water, rain water
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2. OPERATIONAL WORKFLOW



Nest: plug-in SketchUp

e —————— Plugins £ — | NEIGHBOURHOOD

10C - GPBLEDF
T LB P EVALUATION FOR
i SUSTAINABLE
TERRITORIES

‘ Mesures |
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Objective > ability to evaluate quickly planning scenarios
during the design phase

_—> Project characteristics

_— Import / export of models

Land use parameters

Project modelling
follows the operational
workflow of early stage

_— Buildings properties design

- Buildings creation INPUTS

_— Street elements

Infrastructures (roads) properties

_— Transport scenario

Assessment
_> Calculation compar'son’a nd
|
———> | Comparison of scenarios RESULTS reporting on planning
—> | Report scenarios

EEEEEEEEEDELRS
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Initial land use

Design process
General data
Location
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Design process
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tek
Roads and plots drawing and characterization
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@  Cliquer Iimage pour sélectionner le type de surface - ©

IEspaces Publics[ |Espaces Privésl |Infrasn'uctures| |Aménagements

AUCUN

Sans type: la surface n'est plus prise en
compte lors de I'évaluation du quartier

ESPACE MINERALISE

Espace public non végétalisé, type sable
stabilisé

ESPACE VERT

Espace public végétalisé

ESPACE VERT SUR
DALLE

Espace public végétalisé sur dalle

ESPACE VERT BOISE

Forét / espace vert naturel

PARCELLE

Parcelle publique 3 construire ou sur laquelle
un ou des batiments pré-existent

MINERALISEE

PARCELLE @

Parcelle publique avec revétement minéral,

type pavé
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Buildings drawing
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Design process
Buildings characterization
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4 1-Description . .
Nom
Etat du batiment MNeuf BU||d|ng type
Catégorie du batiment, Logement Collectif T
Type de commerce

Logemertsocidl  Non Constructive system
Mombre de Logements 1
Systéme constructif Béton banché / laine miné S
Eau = &%
4 2-Coit
Utiliser un ratio estimatif Oui
Coiit estimatif 1300 =
Coit réz! 0 > -
4 3-Surface SN 3 3
SHON depuis modéle Oui < > —
SHON Modéle 5263,01 SN =
SHON 0 NS g
Nom \ A ~
Nom du batiment (facultatif). \
Généralites 4 1-Chauffage = \
STD dizsponible Non

Eescins en chauffage 0

MNiveau de performance
Type de Chauffage
Wentilation

RT2012
Chaudiére Gaz
Double Hux

4 2-EauChaude Sanitaire

Moyen de production

Chaudiére Gaz

Utiliser la surface de solai Oui

Pan

N panneaux s

nonn

nesux solaires thermig 0,00

Sud

Panneaux sclaires thermig 0
Performance ECS spécifig Non

Performance ECS
4 3 - Photovolizigue

u

Utilizer la surface de solai Oul

STD disponible

Chauffage : résultat de STD (Si oui, saisie des besoins en

cl

chauffage calculés avec une Simulation Thermigue Dynamigu..

Energy Performance

e 1/ 7 Z

Heating system

DHW system

Ventilation system

PV / Solar thermal

N




Design process
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Demographics and transport scenarios

Paramétres Transport
4 1-Population
Répartition population
Répartition actifs (30%, 30%, 10%, 30%)

Répartition non-résidents
4 2-Mobilité de la population
Actifs résidents
Enfants de Maternelle
Enfants du Primaire (503000155)
Collégiens (503000155)
Lycéens (503000155)
Etudiants (503000155)
Retraités (503000155)
4 3-Mobilité des employés non-résidents

(Bur-50%, Com:507%)

(503000155)
(503000155)

(Act-447%, Mat:-4%, Pri: 4%, Col: 4%, Lyc: 4%, Bu: 6%, Ret: 34 %)

Population characterization

4 1-Populabion

(Act-44%. Mat-4%. Pri- 4%, Col: 4%_ Lyc: 4%, Etu- 6%, Ret: 34 %) _-
Répartition de la population

| _ I |

Employés de bureausc (503000155) Pourcentage | aa] | 4x | 4x | 4| x| x| uF il
p Ef‘[;’l':"'tfnj;"fmm moyennes (503000155) Nombre [8s00 [ 80 [ 80 [ 80 [ 8o [ 1200 [ 00
Logement - école maternelle 0.14
Logement - €cole primaire 0.14
Logement - collége D.14
Logement - lycée 0.14
Logement - université D
Logement - commerce 2.50
Logement - bureawx 0.12
Logement - autres 017 HH H 1
e o Mobility characterization
Logement - parking vélo 2.50
4 J2-Mobilité de la populabon
Répartition population TN (503000155) _‘
Répartition de la population par catégories sociales Enfants de Maternelle Répartition du trans port
Enfants du Primaire
Coligier I R
Lyceens
e G B e N e
Retraités
4 3-Mobilité des

M= = b= b= = b= ok

Employés de bureaux
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Set of sustainability indicators
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"evnivien®

Global Energie Primaire |D13ngemerrt Climatique I Temtoire et Biodiversité I Déchets I Air I Eau I Economigue I Social I

Total | Matériaux Batiment I |sage des Batimerts I Infrastructures Matéﬁauxl EnR I

Energie Primaire / an / usager (MJ)

Global Energie Primaire | Changement Climatique I Tenitoire &t Biodiversité I Déchets I Air I Eau I Economique I Social I

Total | Matériaux Bafimert Usage des Batments | infrastructures Matériaux | EnR |

Energie Primaire / an / usager (MJ)

6000

Catégorie | Energie Primaire

ECS
Apport ECS solaire

Materizux Bitiment I Trarsport Individusl Ventilation
I Usage Bitiment I Transport Collectif Duréd }
B rfrastructures Maténizux 00 Aménzgemeant - bt Eclaiage
I Infrastructure Eclairage Electricité spécifique

Production PV

Total Batiments caractérisés

| Définitions

ECs

Total Batiments génériques

sclaire

spacfique
gananques

Chaullage
Eclairage
Electiicité

Praducticn Fy

Appott ECS
Wentilaticn

Tetal Batiments

Primary Energy (

Primary Energy consumption from buildings operation




)
)
o
n
<
>
r
3
»
y

o,

Results

Scenarios comparison

tek

Comparer plusieurs scenarios

Scenario: |C:\Users\lmarc'Documents\4&-CONFERENC ~ Parcourir | Supprimer ;

Scenario:

Scenario: [C\Usersmarc \Documerts & CONFERENC Supprimer W

Ajouter d'autres scenarios |

Parcourir. | Supprimer ’

Comparer | Annuler |

Energie Primaire IChangement Climatique I Tenitoire et Biodiversits I Déchats | Bir

Total I Matérawe Batiment | Usage Batimeml Infrastructures Maiériaux' EnR |

I Eau I Economique I Social |

Energie Primaire / an / usager (MJ)

al.
o

Infrastruct | Infrastruct

Batiment | Batiment | Matériawc | Eclairage

Transport

Matériawx | Usage
Individuel

Transport

Collectif | AmENage!

Anglet

Anglet_1
N Aménagement

Transport Collectif
I Transport Individuel
0 Infrastructure Eclzirage

B |nfrastructures Matériaux
I Usage Batiment
Matériaux Batiment

I Définitions

YES

innovation
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Results
Reporting

D v
vnivien®

Aspect du développement durable nEST
FICHE =04 nEST Environnemental
A L i1 Grille ecoquartier MEEDDAT Prézervation des ressources et adaptation au chengement climatigue
SYHIHESE d Eualua“on Engagement Grille ecoquartier 17. Optimizer les besoins en Energie et diversifier les ressources
ngag q
Indicateur NEST - ENERGIE PRIMAIRE
Theme : Conzommation d'énergie primaire
Enjewc: Fort
Nom du projet les capucines C oot total & investissement - T Superficie total 0Ha Favoriser la sobrigté énergétique dans tous les domaines (Eclairage public,
Type Oe projet: Exaenzion uro@nz | Nombre & habitants - 0000 bl Tyne oe 5ol avant Frae entretien, eic.) en maitrisant leur impact sur l'environnement
Vpe f2 projet: : ng;mm agricol: Concevoir des bitiments économes en Energie, prévoir la rénovation durable du
Fappel-objectd dun : Butet siratégie parc exiztant {matérisux, usages, confort themigue) _
Quartizr urbain, congU Oz Ta;on & Minimiser 500 imMpact sur [2nvironnEm Nt 2n assurant 1 gualis 0 vie 0es Nabiants, 2n visant un R'eh:Z"'"' auxc énerpies renouvelables, aux énergies propres, e aux reseauxde
fenctionnement 4 longterme, une autonomie foncionnelle, la création d'une solidarit2 sociale e une intagradion cohérentz au site ; il doit chalgur. _ _
repondre aux ohjectifs locaux & globaux du developpement durable. Installer des équipements publics exempleires durables et performants
Vue @ ensemble du quartier modelise Caractenstiques du quarter monsise Affichage des résultats NEST
Surface des espaces bz im?) 150000 Definition de I'indicateur : La consommation d'énergie pimaire st £gale & Pensemble des consommations d'énergie du
Surface des espaces non biis (m?) : S0000 quertier sous forme primaire (c'est-a-dire non trensformée aprés extraction)
| Surface des espaces 7 )
Surface imperm eabilisez (m7) : 100 000 Eiéments prizencompte:
Surface vegeralisaes (toitures incluses) (m3 - | 100000 -utilization et production o énergies renouvelables
Surface de plancher existante réhabilesz ou 20000 - typologie des bitiments construits (maison individuelle, petit collectif, collectif)
reconvenis (m2): - usaQe des bitiments (chauffage, ventilation, Eau Chaude Sanitaire, éclairage inténieur, électnicité spécifique)
Surface du plancher total (m3): BD00D - metériau utilisés pourles infrastructures (routes)
Surface de plancher logements im?) - 20000 - érlairage
Surface du plancher sarvices (m?) 10000 - transports
Surface du plancher commerces im3) - D00 Enesgie Primaire / an | usager (MJ)
Surface de plancher bureaux (m?) 1000
Surface de plancher autres activites (m?) . [1] a9 %
Surface des egpaces verts (m3 50000 e
Surface des espaces publics (m?) 30000
Surface de parkings (m?) 10000 —20,71 %
Nombra de logements 500 \ 0.00%
"“""':“"da Wd;‘"f:fmia_“l - 200 60.37% \ ~0,00%
Distance du stz au centre ville - Skm Tistances Gomicile-2qUigements [m) S0m 000
Digtance du site une 7one commercials : ZKm Digtances domicile-commerces (m) 700m Total 216,06 MJ / an / usager
Distance moyenng 2 la staion du brain © BEm Distance domicils —sspaces vens (m) 400 m Obyectt
Mombre de lignes de TC A prooam 2 du site - 1km Distance domicile-ams bus (m}) 200m
Nombre Matdriano: Bdtiment Infrastructure Eclainge ey ke o
& . 10000 Objectifs de mobiite Voirires et connexions I |Jsage Bdiment W Transport Individuel
WEAQErS B Infrassructures Matériswe B Transpoet Collsctd
Vpiturs Bus Velo A piad Vo:raspiaons |'m_=] 5000 .
HE"';‘?"‘S 3% ﬁ i: ]‘r:;;a 1;:" ;‘”ﬁm lahles (m?} 1;“1(%3 Aufres criteres d'évaluation Indicateurs résultats
:cﬁnﬂs:s o o S = = Pﬂe [fu”t:"['""]";] o0 Moyenne Qe consommation dans | coquartier
Retraies 1500 | 50% | 40% 5% 5% Membre de parkings prives 2500 Sobriété énergétique ﬂﬁ,ﬂ]ﬂn
Impacts Nombra de parking vl (extarizurs) 200 :
Donees cifrees complementaires
Valeur Consemmation de chalzur annuelle totale: Production d'&lectricité a partir
Bccle Froduction de chaleur annuelle 2 partir °Enf d'EnR. 0%
Cor surca/an/usager 15135 installes -
Energie Prmare /an /usager (W) 2161 gﬂﬁT&i@éégggﬁﬂngﬁéﬂ Production de chaleur & partir % de couverture
CO2 / an /usager (Kg Eq) 152 inzallss - d'Enf 20%
Pate da Bodversté pdf / an / usager 63 Pourcentage de béfiments avec un local
. - . déche -
Diéchats géninda / an / usager 45
’_1 L Pourcentage da hatiments avec racuperaeus
Volume d'sr nocim?/ansager 35 d'zau de pluie :
Consoemmations deau ./ an / usager im7 19 Pourcentage dz bifiments ave systémes
hydre &coneme :
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3. CASE STUDY
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Example of application
analysis of a an urban planning scenario
for a new neighborhood

F &l Project characteristics:
0000200000000

- Located in the Pyrénées Atlantiques (Fr), 1.7 ha

- Within a small community

- 10 km away from main economic area

- Area occupied by a football field, few houses, a
small agriculture company and empty fields = Initial
land use : 50% artificial area, 30% agriculture fields,

10%, 10% vacant green land

- Objective: population carrying capacity = 350 users.
Housing + shops + offices

Scenario 0 = planning proposal with higher investment on sustainability and higher density

- Based on integrated urban gardens, pedestrian areas, smaller roads for cars, fewer parking spaces per dwelling, vegetated parks,
buildings shops and offices creating a wall against the noise from the highway

- Quite high density

- All buildings are energy efficient (completion of 45 kWh/m?year) and include solar energy production on rooftops

- Large areas of green spaces and green roofs

- All buildings include a place to facilitate waste sorting, have local bicycles shelters, and are equipped with systems to reduce water
consumption

- Grey water reuse is also considered in some buildings

- 1 bus line and creation of bicycle connection to the town center
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Results
Scenario 0 — Energy and climate change indicators

Scenario.0 - Primary Energy [ year [ user (M) Scenario.0 - CO, / year [ user (KgEq)

Primary Energy Category Primary Energy

Category

Building Materials Building Materials

Building Operation Building Operation

Infrastructure Materials Infrastructure Materials

Individual transport Individual transport

Collective transport Collective transport

TOTAL TOTAL
000% =1 0.00% TT—41%
28%— _BN% 6% |
s
7IN%— 20.29%
159%
1.16% 0.00%
0.00% 29%%
25.9%
=  Main contributors : =  Main contributors :
1. Building operation (37%) 1. Individual transport (43%)
2. Individual transport ( 33%) 2. Building materials( 30%)
3. Building materials (26%) 3. Building operation (20%)
= Very high contribution of individual transportation: 4. Infrastructure materials (5%)
= Scenario largely based on individual vehicle = Energy efficient buildings + French electricity mix 2>

= 10 km from main economic area Building operation is the third contributor
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Scenario 0 — Biodiversity loss related to land use

* o'
Ve, 1
YNivien

Scenario.0 — Biodiversity Loss / year / user (PDF)

Category Biodiversity loss
Land transformation -6,39

26.35% 3560%
Land use — Built Spaces 41,68
Parking
Medium road 3.09%
Pedestrian & cycling path 7.38% 0.41%
Mineralized spaces Eas

11.61% -10.62 %
Plots
~000%

Land use — Green Spaces 19.13% g S - 476%

Gardens

Green spaces

Wooded green spaces

Green spaces on concrete slab

TOTAL 66,59

= Biodiversity loss related to land occupation :
= 63% built spaces
= 27% green spaces
= Biodiversity loss related to land transformation < 0
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Scenario 0 — Water indicators

Scenario.0 — Water consumption / year / user (m3)

Category Water consumption

34,75

Drinking water

Rain water

65,67 % TT-28%%

Grey water

TOTAL

Scenario.0 — Stormwater infiltration / year / user (m3)

Water infiltration

26,00

Category

Infiltration on green spaces

Infiltration on mineralized spaces
Runoff
TOTAL

266%—

31.84%

= Strategies like water saving systems or recovery and treatment of drinking water and rainwater, leads to a quite low
level of drinking water consumption (35 m3/y/user) and a significant use of non-potable water (34% of total water
consumption)

=  Stormwater management to be improved : 65% runoff
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Comparison with an alternative scenario

Scenario 1 = « business as usual » planning approach

- Lower density with more individual houses

- More mineralized surfaces and more parking lots per user

- Buildings energy performance is lower (French RT2012 criteria)

- No renewable energy production and no green roofs

- Lower capacity of 291 users (67% residents) vs. 386 users (75% residents) for sc.0

- Both scenarios have the same population distribution that is representative of a long term trend in the area of the project with 45%
active people, 25% children and students and 30% retired people

- Both mobility scenarios are largely based on individual vehicles. However, sc.0 gives more importance to cycling and walking with
dedicated facilities
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Comparison results
Primary energy

* o
e vnivien®

Scenario.0 - Primary Energy / year / user (MJ) Scenario.1 - Primary Energy [ year / user (MJ)

Category Primary Energy

Category Primary Energy

Building Materials

Building Materials

Building Operation Building Operation

Infrastructure Materials Infrastructure Materials

Individual transport Individual transport

Collective transport Collective transport

TOTAL TOTAL 33028 . . .
P — E———— - 36% higher primary energy consumption for sc.1
228%— : _333% 0.00%

N I %" - Impacts from building materials are similar

0.85%

1.16% 0.00 % . . . . . . .

0.00% a7 - Building operation is the main contributor in

B both scenarios but the strategy towards density,

high performance buildings and renewable

35000 energy production leads to 46% less impact in
30000 sc.0
25000

- Individual transportation : we observe the
impact of a neighborhood facilitating walking
and cycling with 9% less impact from individual
transportation in sc.0.

15000
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Comparison results tek ¢° l:ng.S
Scenario 0 vs. Scenario 1

= - 26% energy consumption
m - 24% CO2 emissions

= More comfortable buildings
= + 32% user capacity (+ 49% inhabitant capacity)

Through assessment of a broad range of environmental indicators at early design stages

- Feeds and articulates the environmental reflexion taking into account the entire lifecycle
of the projects

- Allows quick and easy options and scenarios comparison

- A modular platform
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3. APPLICATION TO ECUADOR AND LATIN AMERICA:
REQUIREMENTS




Nest: initially designed for France + Spain in a
second version

= Indicators: set to fit with Europe
urban challenges

= LCA data: mostly sourced in Europe
'studies and international database

Requirements for a NEST adapted to Latin

America
= |ndicators: to identify and integrate

local targets and stakes

= | CA data: to identify key regional
data and substitute it

innovation
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which one to replace ? Is there local data available?

Key geographically sensitive data:

- Energy production

- Embedded energy (in materials,
products, systems...)

- Building construction practices and
standards

Potentially sensitive

- Specific building materials

International average data
available: YES

But recent and detailed local data
would be much better
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Sound indicators for Latin America

The example for Ecuador

1. GLOBAL SCALE: the UN sustainable development goals

\ SUSTAINABLE £ ™ ©
@i GAsALS

1 NO 2 ZERD 3EUUUI|EM"| QUALITY GENDER ClEANWMEK O
POVERTY HUNGER AND WELLBEING EDUCATION EQUM"Y AND SANITATION

S (¢ o

T4l | - o
8 DECENT WORK AND 9 INDUSTRY,INNOVATION REDUGED 1 AN RFSPONSIRIF

ECONOMIC GROWTH AIIIIMRLSTRUL'IIME IN[ﬂUAU"[S Allﬂl!mllllll[s O

ﬁ/i Eéﬁ ©

o Integrated policies towards [iSSISRE

16 PEACE, JUSTICE PARTN[RSHIPS

GllMAI[ 1 4 15 LIFE =
AGTI(]N BELOW WATER ON LAND ANDSTRONG FDR THEGOALS {&)
INSTIIUTIONS {

‘-» SUSTAINABLE
@ - z @ DEVELOPMENT
L GO ALS

o  Building siistainablednd resilient buildings

utilizing local materials
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Sound indicators for Latin America

The example for Ecuador

2. LATIN AMERICA SCALE: the index for green cities™ \

Perfiles de las ciudades
32 Belo Horizonte
36 Bogotd

92 Santiago
96 SaoPaulo

* “Indice de ciudades verdes de Lamerica Latina”: work realized by the Economist Intelligence Unit for Siemens in 2010
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3. COUNTRY SCALE (Ecuador): Plan nacional del buen vivir er

2013 2017
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o Access to a safe and inclusive habitat : o

o Meeting and public spaces
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4. CITY SCALE (Quito): “Indicadores de ciudad sostenible” (2014)
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Social LCA science
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YEPEZ SALMON ASOCIADOS S.A. NOBATEK
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