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OBJETIVOS DE SUSTENTABILIDAD — Mercedes Benz GD EA

BUILDINGS

Metas de sustentabilidad

-Baja COSTO DE MANTENCION

-Bajo riesgo OPERACIONAL

-Bajo consumo ENERGETICO

-Mejorar el CONFORT (situacion actual)

Métricas de sustentabilidad

Porcentaje de ahorro:

- Energético (EUI) >20%
- luminacion Natural (DA) >70%
- Agua (Its/yr) >30%
- Confort térmico a definir
- Accesibilidad y transp. a definir

Retorno de la inversion <12 anos



ANALISIS DE DIAGNOSTICO DEL DISENO INICIAL qlD EA

BUILDINGS

220 kWh/m2/pr

560 kWh/m2/pr
270 kWh/m2/pr

260 kWh/m2/pr

729 kWh/m2/pr




CASA MATRIZ- OPTIMIZACION DE CINTA MICROPERFORADA EXTERIOR qlD EA

BUILDINGS

Radiacion solar

Casa Matriz.

Medida 1:
Sombreamiento fachada.
Piel microperforada (screen Panel H.D.) 20% abierto
H=0.25 mt
rYYYs coo e o e e 6o
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LN J ® e 00 o 00
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LR N 4000 [ I e o0
#103 w108 £ 110-M1 #110-m3
@3mm D25mm @39mm @39mm
20% ABIERTO. 16% ABIERTO. 21% ABIERTO 12% ABIERTO
- = 5,35 mm -= 55mm == 0,53 mm - = 053 mm
: 5.5 mm : 55mm : 8,25 mm : 11 men



CASA MATRIZ- OPTIMIZACION DE CINTA MICROPERFORADA EXTERIOR GllD EA

BUILDINGS

lluminacion Natural

T
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SECTION HEIGHT VARIATION (h): Section View

L

h=025mts h=055mts h=085 mts h=1.15mts h=1.45mts h=1.75mts h=2.05mts h=235mts

SECTION HEIGHT VARIATION (h): Daylight Autonomy Analysis.

h=0.25mts h=0.55 mts h=085mts h=1.15mts h=145mts h=175mts h=2.05mts h=235mts

h=025mts h=055mts h=085mts h=115mts h=145mts h=1.75mts h=2.05mts h=235mts



CASA MATRIZ- OPTIMIZACION DE CINTA MICROPERFORADA EXTERIOR GlID EA

BUILDINGS

lluminacion Natural

Tvis:72% Tvis:50%
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* Estos ahorros corresponden a valores estimados considerando una serie de condiciones de borde. Debido a esto, deben tomarse como un valor referencial para tener un orden magnitud y entender cuales
estrategias son mas relevantes que otras, tomando en consideracién también los montos de inversién involucrados. No deben considerarse como una prediccion exacta del consumo energético que tendria
el edificio, dado que las condiciones de borde variaran durante la operacién de éste. Tarifa kWh eléctrico: $80 / Tarifa m3 de gas: $557



CASA MATRIZ- EVALUACION ECONOMICA @ E A

Retorno economico

Casa Matriz.

Medida 1:

Sombreamiento fachada.
Piel microperforada (screen Panel H.D.) 20% abierto

BUILDINGS

Yyt R
oo e ® 000!
eoece R
LA LI )
LA A R ceee e

e 0 0
® 0 0

COSTO IMPLEMENTACION AHORRO ANUAL PAY-BACK
$63.995.984 $ 5.463.166 11
Medida 2:

Mejorar envolvente acristalada del caso base.
Caso base termopanel estandar:
Caso optimizado cristal con doble capa de plata 50% Tvis U: 1,6

COSTO IMPLEMENTACION AHORRO ANUAL

$ 37.400.097

$8.167.270 4,6




OPTIMIZACION PARAMETRICA DE ENVOLENTE

WEA

EnergyPlus Output

Total energy consumption (kWh)

21 Jun - 21 Sep, Parametric Analysis
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ENERGY ANALYSIS— Parametric runs for roof insulation



OPTIMIZACION PARAMETRICA DE ENVOLENTE qllb EA

BUILDINGS

EnergyPlus Output 1 Jan - 31 Dec, Parametric Analysis Licensed

s GClazing type = Pilkinton Low-e s Glazing type = Sun Guard Super Neutral 54 on clear
mmmmmm Glazing type = SKN 154 o Glazing type = Stopray Galaxy
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OPTIMIZACION PARAMETRICA DE ENVOLENTE GID EA

BUILDINGS

Total energy consumption (kWh) - TORER SUIZA

EnergyPlus Output 1 Jan - 31 Dec, Parametric Analysis Licensed

s Glazing type = Pilkinton Low-e mm— Glazing type = Sun Guard Super Neutral 54 on clear
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COMPARACION DE VARIANTES DE OPTIMIZACION

100

80 -

60

40

kWh/m2*ano

20 -

ASHRAE

Consumos
Equipos[kWh/m2*a]
lluminacion [kWh/m2*a]
Ventiladores [kWh/m2*a]
Bombas [kWh/m2*a]
Calefaccién [kWh/m2*a]
Refrigeracion [kWh/m2*a]
ACS [kWh/m2*a]

TOTAL
Ahorro % v/s Caso Base
Ahorro % v/s Caso Ashrae

CB

10 %

L
27 %

C1 Cc2

ASHRAE CcB
20 20
36 36

6 6

3 4
7 12
10 11

0 0
82 88

-8%

39 %

C3

C1
20
36

12
10

88
0%
-8%

80
10%
2%

WEA

ACS [kWh/m2*a]
® Refrigeracion [kWh/m2*a]
B Calefaccion [kWh/m2*a]
E Bombas [kWh/m2*a]
Ventiladores [kWh/m2*a]
lluminacién [kWh/m2*a]

E Equipos[kWh/m2*a]

c3 c4
20 20
23 23
6 5
5 0
3 1
8 5
0 0
65 54
27% 39%
21% 34%



COMPARACION DE VARIANTES DE OPTIMIZACION

WEA

kWh/(m2*a)
80 CASO BASE -2% AHORRO
- CASO ASHRAE
75 -
9% AHORRO
70 - ‘ 328; 13% AHORRO
65 . 4 18% AHORRO
60 -
55.
50-
a5 { 42% AHORRO
g2y ‘(‘ASO 4 44% AHORRO
40 .
0 mm
Consumos
Room Electricity [kWh/m2*a]
Lighting [kWh/m2*a]

System Fans [kWh/m2*a]
System Pumps [kWh/m2*a]
Heat Generation [kWh/m2*a]
Chiller [kWh/m2*a]

DHW

TOTAL

Ahorro v/s AHSRAE %
Ahorro v/s CASO BASE %

81 kWh/(m2*a)
80 kWh/(m2*a)

72 kWh/(m2*a
69 kwh/(m2*a
70 kWh/imz‘a}

65 kWh/(m2*a)

46 kWh/(m2*a)
44 kWh/(m2*a

44%

ENERGY SAVING

ASHRAE

18
34
10
0
1
17
0
80

CB

18
34
11

17

81
-2%

C1 Cc2 c3 C3.1 ca c4.1
18 18 18 18 18 18
34 34 34 34 15 14
7 6 5 6 4 5
0 0 0 0 0 0
2 3 3 2 4 3
11 9 6 8 4 6
0 0 0 0 0 0
72 70 65 69 44 46

9% 13% 18% @ 13% | 44% @ 42%
11% 14% @ 19% @ 15% | 45% | 43%



WEA

EDIFICIO COIHUE - DEL DISENO A LA OPERACION




EDIFICIO COIHUE - DEL DISENO A LA OPERACION GD EA

BUILDINGS

ANALISIS PARAMETRICO




EDIFICIO COIHUE - DEL DISENO A LA OPERACION GllD EA

BUILDINGS

lluminacion Natural

%
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Figura 36: DA-400lux, 100% acristalamiento
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GLAZING

MICROPERFORATED
SCREEN PANEL

Figura 38: DUI-2000, 100% acristalamiento

Figura 39: DUI-2000, caso 7 final
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Design optimization plays a critical role in green
building costs....

13%

Zero Carbon Home,
UK

12%

1% SRECAM-Butstanding
Supermarkets, UK

109

WORLD GREEN BUILDING COUNCIL
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Percentage increase indesign and construction costs for green buildings
comparad to conventional code-compliant buildings (34
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SELECION DE PROYECTOS EN SUDAMERICA

(WEA

n Jl'l .

!
1

OFICINAS C&S

= Edificio Ariztia, Santiago-Chile

= Edificio Amunategui, Santiago-Chile

= Edificio Territoria el Bosque, Santiago-Chile
= Edificio Foster, Santiago-Chile

= Edificio Costanera Lyon, Santiago-Chile

= Edificio Moneda 1640, Santiago-Chile

= Edificio Avenida del Parque, Santiago-Chile

= Edificio Torre C - San Damian, Santiago-Chile
= Edificio Coihue, Santiago-Chile

= Edificio Moneda Bicentenario, Santiago-Chile
= Edificio Eureka, Santiago-Chile

= Edificio Armdnico, Santiago-Chile

= Edificio Terrazas, Santiago-Chile

= Edificio Torre Capital, Temuco-Chile

= Edificio Citypark Il, Santiago-Chile

= Edificio Hyatt-Copesa, Santiago-Chile

= Edificio Alto el Golf, Santiago-Chile

= Edificio Hyatt Place, Santiago-Chile

= Edificio Costanera Puente Suecia, Santiago-Chile

14
e

OFICINAS C&S

= Edificio Costanera Lyon I, Santiago-Chile
= Edificio Monroy, Santiago-Chile

= Edificio Nucleo-Vespucio, Santiago-Chile

= Edificio Citypark 1, Santiago-Chile

= Edificio Citypark 4, Santiago-Chile

= Edificio Citypark 6, Santiago-Chile

= Edificio Ingetasco Suecia, Santiago-Chile

= Edificio Ingetasco Bucarest, Santiago-Chile
=Edificio Eureka, Lima-Peru

= Edificio Orquideas, Lima-Peru

= Edificio San Isidro, Lima-Peru

= Edificio San Borja, Lima-Peru

= Edificio Torre Panama, Lima-Peru

= Edificio Real 2, Lima-Peru

= Edificio Rivera y Navarrete, , Lima-Peru

= Edificio San Cayetano 2, Bogotd, Colombia
= Edificio San Cayetano 3, Bogotd, Colombia
=Edificio BMW, Bogota, Colombia

= Edificio Colpatria C84, Bogota, Colombia

INDUSTRIA Y SERVICIOS

= Planta Kaufmann Concepcién,
Concepcién-Chile

* Planta Honda, Santiago-Chile

= Planta Kaufmann Mercedes Center,
Santiago-Chile

= Centro SENAME, Victoria - Chile

RESIDENCIALES

= Plaza Universitaria, Santiago-Chile

* Condominio Real Ibiza, Playa del Carmen—
México

= Condominio Roces de Gijon, Gijén-Espaia
= Valle San Francisco, Santiago-Chile

= Rafael Sancio, Santiago-Chile

= Torre Woermann, Gran Canaria-Espafa

= Barrio Inglés, Temuco-Santiago

= Tamarugo, Santiago-Chile

= Cerro Alvarado, Santiago-Chile

= Portezuelo, Santiago-Chile

= Tiziano, Santiago-Chile
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FROM ARTIFICIAL INTELLIGENCE WE LEARNED TO USE...

EVOLUTIONARY OPTIMIZATION APPROACHES
FOR ARCHITECTURAL DESIGN

Genetic Algorithms

-

'~

//\‘@

e

Adam Shirey




HOW TO EVALUATE ALL DESIGN POSSIBILITIES?

11 Design Variables

 Wall insulation (5, 7.5, 10)

* Floor insulation (5)

* Roof insulation (10,15, 20)

e Lighting systems (T5, LED, Ph)
e Natural ventilation (0,1)

Table 2 Description of the simulated parametric

variables
Variables tested N° Selected
Parameters

- : Standing

Building Connection To 2 Stamiitig o e
5 2 ground plate or
The Ground 0%
suspended

Wall Insulation 0.334 m. 0.384 m,
Thicknesses 0.434m
Floor Insulation = 0.334 m. 0.384 m.
Thicknesses : 0434 m
Roof Insulation 0.334 m. 0.384 m.
Thicknesses 0.434m
Main Window Overhang 4 Om. 0.55m. 1.1 m,
Depth 1.65m
Natural Ventilation Always on, always
Schedules (Natural Heat 4 off. summer on. 9-
Exchanger Control) 17 on
C oncrete Thermal Mass 061, 0105 660,15k
Thicknesses
Number Of Users 5. o
(Daytime) i

11 Design Variables with 139,968 possible combinations
simulation time > 10,000 hrs (+ lyear)

Source: Building Simulation 2013, Chamberry, France. IBPSA




EVOLUTIONARY OPTIMIZATION FOR ARCHITECTURAL DESIGN

Mutation creates
variation

Infavorable muations
selected against

Reproduction and
mutation occur

Favorable mutations
more likely to survive

... and reproduce

Source: IEEE. An Educational Genetic Algorithms Learning Tool



GENETIC ALGORITHM SIMULATION

Population of 10 with 135 generation for a total of 1,350 simulations
10 hours on dual core PC (3 on 10 core mini cluster)(jEplus+EA)
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Source: Emmanuel Naboni. Comparison of Conventional, Parametric and evolutionary optimization approaches for the Architectural Design.
Building Simulation 2013, Chambery, France. IBPSA



Building Lifecycle Profitability

With similar insight, now you can calibrate: ”
your investments in building performance

to drive optimal lifecycle profitability.

W/ 7
We call that Moneyball for Bm/}lc/glz'mg ners.

4

We Make Buildings More Profitable.

LTS

CONFIDENTIAL
COPYRIGHT ©2013 ECON GROUP
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lima, peru

Current Location:
, Elev(M) 107.07
+  Lat/Long -12.048, -77.062

Nearest Address:
Lima, Peru
60000 el
Weather Analytics Station™: e
Sensor 386602 * Random Search
Elev(m) 86.0 s S0000 4 — TaNSGATT
Lat/Long (-12.331, -7.187) ) aNSGA-Iwith constraint function
PURCHASE DATA HERE g 40000 TR
H
E 30000
3, Meteorological Station: § »
Q Sensor SPIM E ' a
L Elev(m) 13.0 3 20000 - { e
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Graph Weather Here 2 10000 N
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Weather Analytics Station™
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HVAC & controls

Modelica controls

o S Simulink el LA
building energy _ — | controis ala analysis
EnergyPlus O Y MATLAB

-

wireless networks
Ptolemy Il

g .

-

hardware in the loop
A/D
real-time data

www+xm/

o
Source: Ibnl.gov
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URBAN ENERGY LIFE CYCLE

Energy impacts need to be analyzed
at the scale of urban fabrics

BUILDING. sl (/|| DING STOCK.

Harvard Carlos Cerezo Davila, ccerezod@mit.edu I —— g:;:z:::te;;sA:§;ii;‘;ﬁuo:eTech'
.‘.‘:‘." U - t Christoph Reinhart, tito_@mit.edu I Building Technology Program
¢ Jniversity MIT Sustainable Design Lab, Cambridge, MA Sustainable Design Lab

Source: Carlos Cerezo, Harvard University



Recycling /
Reuse /
Disposal

Resource Extraction

Occupancy /
Maintenance




primary energy kWh/m2 year

Embodied energy significance increases with the growth of
energy efficiency codes, standards and technology.

450
. Operation
400
. Embodied
350 -
300
250 -
200
150
100 <
50 4
0
SARTORI-HESTNES LOW ENERGY PASSIVEHAUS NET ZERO
REVIEW ASHRAE STANDARD ENERGY
2007 <200 kWh/m2 op. <120 KWh/m2 op. 0 kWh/m2 op.

Increasing importance of embodied energy in low energy buildings lifecycle.

Source: Adapted from Sartori I. Hestnes A.G. (2007). ‘Energy use in the life cycle of conventional and low-energy
buildings: A review’, Energy and buildings, 39, Elsevier



Designers and managers of cities are required to make
predictions of the energy consequences of buildings.
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Embodied, operation and total energy functions in time.



Life cycle Embodied Energy represents material impacts,
with a different long term profile from operation.

YEAR OF EQUAL ENERGY VALUE |

- " L EMBODIED
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0 10 20 30 40 50 60 70 80 90 100 110
Embodied, operation and total energy functions in time.



Total cumulative energy profiles of cities
need to be compared to address long term scenarios.

primary energy

7 year

0 10 20 30 40 50 60 70 80 90 100 110
Embodied, operation and total energy functions in time.



Total cumulative energy profiles of cities
need to be compared to address long term scenarios.

primary energy

year |

0 10 20 30 40 50 60 70 80 90 100 110
Embodied, operation and total energy functions in time.

Source: Carlos Cerezo, Harvard University
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Parametric and Genetic Optimizations of Urban Form Studies
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Urban residential fabric parametric geometry model.
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THE IMPORTANCE OF INFRASTRUCTURE

Infrastructure provides:
 Abasis for public health

* Aquality of life worth living
 Economic viability

Infrastructure is facing challenges:

 Aging Infrastructure

* Population Growth

» Diminished Resources/high operating cost
 Climate Change

It is no longer enough that infrastructure work, that
it be constructed on time and within budget, or
even that it last. It now must be sustainable.




THE ENVISION" RATING SYSTEM

I I I. \E ' 3
Institu‘te for

" Sustainable ZOFNASS PROGRAM

ed Infrastructure FOR SUSTAINABLE INFRASTRUCTURE

AouA  ASCE (PEA

ey BUILDINGS

Institute for
||Sustainable
WalllInfrastructure



WHAT IS
ENVISION?

WHAT MAKES
ENVISION
UNIQUE?

ENVISION’S MISSION

To help infrastructure owners make more informed
decisions about the sustainability of their
infrastructure projects

Envision® is not a decision making tool...
It is a decision making guide

* Envision applies to all civil infrastructure

« Envision applies to all project phases

* |s designed to keep pace with a changing
concept of sustainability



ENERGY

Geothermal
Hydroelectric
Nuclear

Coal

Natural Gas
Oil/Refinery
Wind

Solar
Biomass

WATER

Potable water
distribution

Capture/Storage
Water Reuse
Storm Water
Management
Flood Control

WASTE

Solid waste
Recycling
Hazardous
Waste

Collection &
Transfer

TRANSPORT

Airports
Roads
Highways
Bikes
Pedestrians
Railways

Public Transit

Ports
Waterways

WHAT TYPES OF INFRASTRUCTURE CAN ENVISION™ RATE?

LANDSCAPE

Public Realm
Parks

Ecosystem
Services



60 CREDITS 5 LEVELS
IN 5 CATEGORIES OF ACHIEVEMENT

QUALITY OF LIFE
13 CREDITS

LEADERSHIP
10 CREDITS

RESOURCE

ALLOCATION
14 CREDITS

NATURAL WORLD
15 CREDITS

Q3ONVHN3
JOolI3AdNS
ONIAIISNOD
AAILVHO1S3d

a3IAOddNI

CLIMATE AND RISK
3| 8 CREDITS

CONVENTIONAL DESIGN

-_
-
-

Institute for
||Suslainable
WalllInfrastructure



WA QUALITY LEADERSHIP
OF LIFE
13 Credits 10 Credits
1 PURPOSE 1 COLLABORATION
QL1.1 Improve Community Quality of Life LD1.1 Provide Effective Leadership & Commiiment
QL1.2 Stimulate Sustainable Growth & Development  LD1.2 Establish A Sustainability Management Sysiem

QL1.3 Develop Local Skills & Capabilities LD1.3 Foster Collaboration & Teammwork
LD1.4 Provide for Stakeholder Involvement
2 WELLBEING

QL2.1 Enhance Public Health & Safefy

QL2.2 Minimize Noise and Vibration

QL2.3 Minimize Light Pollution

QL2.4 Improve Community Mobility & Access

2 MANAGEMENT

LD2.1 Pursue By-Product Synergy Opportunities
LD2.2 Improve Infrastruciure Integration

QL2.5 Encourage Altemative Modes of Transportation 3 PLANNING

QL2.6 Improve Accessibility, Safety, & Wayfinding  LD3.1 Plan For Long-Term Monitoring & Maintenance
LD3.2 Address Conflicting Regulations & Policies

3 COMMUNITY LD3.3 Extend Useful Life

QL3.1 Preserve Historic & Cultural Resources
QL3.2 Preserve Views & Local Character
QL3.3 Enhance Public Space

LD0.0 Innovate or Excesd Credit Requirements

QLO.0 Innovate or Exceed Credit Requirements

Institute for
||Sustainable
WalllInfrastructure

RESOURCE
ALLOCATION

14 Credits

£y

1 MATERIALS

RA1.1 Reduce Net Embodied Energy

RA1.2 Support Sustainable Procurement Practices
RA1.3 Use Recycled Materials

RA1.4 Use Regional Materials

RA1.5 Divert Waste From Landsills

RA1.6 Reduce Excavaled Materials Taken Off Site
RA1.7 Provide For Deconsiruction & Recycling

2 ENERGY

RA2.1 Reduce Energy Consumption

RA2.2 Use Renewable Energy

RA2.3 Commissicn & Monitor Energy Systems

3 WATER

RA3.1 Profect Fresh Water Avaitability
RA3.2 Reduce Potable Water Consumption
RA3.3 Monitor Water Systems

RAD.0 Innovate or Exceed Credit Requirements

NATURAL
WORLD

15 Credits

1 SITING

NW1.1 Preserve Prime Habitat

NW1.2 Protect Wettands & Surface Water
NW1.3 Preserve Prime Farmland

NW1.4 Avoid Adverse Geology

NW1.5 Preserve Floodplain Functions

NW1.6 Awid Unsuitable Development on Sieep
NWA.7 Preserve Greenfields

2 LAND+WATER

NW2.1 Manage Stormmater

NW2.2 Reduce Pesticide & Fertiizer Impacis
NW2.3 Prevent Surtace & Groundwater Contamination

3 BIODIVERSITY

NW3.1 Preserve Species Biodiversity

NW3.2 Control Invasive Species

NW3.3 Restore Disturbed Soils

NW3.4 Maintain Wetiand & Surtace Water Functions

NWO0.0 Innovate or Exceed Credit Requirements

CLIMATE

AND RISK
= 3 Credis

1 EMISSIONS

CA1.1 Reduce Greenhouse Gas Emissions

CR1.2 Reduce Air Pollutant Emissions

2 RESILIENCE
CR2.1 Assess Climate Threat
CR2.2 Avoid Traps & Vulnerabilities

CR2.3 Prepare For Long-Term Adaptability

CR2.4 Prepare For Short-Term Hazards
CR2.5 Manage Heat Island Effects

CR0.0 Innovate or Exceed Credit Requirement
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PROJECTS
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ENVISION USAGE

Los Angeles County DPW

NYC Dept. of Environmental Protection
NYC Dept. of Design and Construction
Port of Long Beach

CA Dept. of Water Resources
MassDOT, DelDOT, KCMO, Edina (MN)
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North Central, Texas

Tarrant Regional Water District Pipeline
Envision Silver
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| EXPANSION

WOOD CHIP TRAIL

SUNKEN LOG

DEEP WATER REFUGE

ROOTWAD

TALLGRASS
PRARRIE

WOODEN BOARDWALK
AND VIEWING DECK

RIP-RAP SPILLWAY
DEEP WATER REFUGE LEARNING AREA

Grand Bend Area Wastewater Treatment Facility
Envision Platinum

Grand Bend, Ontario




USING ENVISION

* Improve project phases
— Planning
— Design
— Construction
— Operations and Maintenance

* Incorporate into
— Policies and standards
— Public outreach
— Grant funding
— Design competitions
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