
DIPLOMA DE POSTÍTULO

DISEÑO   DE   EDIFICACIONES
ENERGÉTICAMENTE   EFICIENTESUniversidad de Chile

NOMBRE DEL CURSO
DISEÑO Y ANÁLISIS DE INTERVENCIONES

Nombre Profesor :
Contacto:

Facility Management

Mauricio Toledo V.
LEED A.P.
mjtoledo@ing.uchile.cl



DIPLOMA DE 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DE   EDIFICACIONES
ENERGÉTICAMENTE   EFICIENTES

• ¿Qué es una intervención?
• Proceso actual
• “Bolsa de trucos”
• Proceso sugerido
• Impacto de reducción de consumos
• Ejemplos (programas pilotos)

– SSH (4)
– FCFM (reportes e implementaciones)
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• Medida adoptada por el FM con la finalidad
de reducir el consumo de servicios básicos en
el edificio (o porMolio).

• Similar a ECMs u O&Ms pero con alcance más
amplio que sólo ahorro energéQco.

• Tipos de intervención:
– Tecnológica

– Cambios conductuales
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¿QUÉ ES UNA INTERVENCIÓN?
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¿QUÉ ES UNA INTERVENCIÓN?

Cambios
Conductuales

Tecnologías
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• Forma más tradicional de concebir mejoras o
ahorros en consumos de servicios

• Consiste en realizar un cambio tecnológico
– Reemplazo (upgrade/cambio)

• Ampolleta incandescente por CFL

– Adicionalidad
• Agregar monitoreo y feedback
a un servicio
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¿QUÉ ES UNA INTERVENCIÓN?
Tecnológica
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• Apuntan a modificar conductas de operación o
uso del edificio con la finalidad de reducir
consumo de servicios básicos.
– Usuario final

• Apagar las luces al salir de habitación

– Facility Manager
• Ajuste termostato (horario AC/calefacción)

• Apelan a empoderar a los usuarios
informándolos y/o educándolos
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¿QUÉ ES UNA INTERVENCIÓN?
Cambios Conductuales
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8Toledo 2008   PhD Proposalvs

¿Se pueden
alcanzar
mayores
ahorros?

260 buildings
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9Toledo 2008   PhD ProposalCapital Improvement Prog.

Governor’s Corner

Spatial Proximity

Summer 2007

Temporal Proximity

Type of Water Fixtures

Governor’s Corner

Bldgs Characteristics

List of Interventions

Low flow toilets

Interventions

period
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Row Houses Pilot

Student Projects
Bldgs Vacancy

Temporal Proximity

Student Engagement

Public Image
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Calendar
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ABS
[gallons/yr]

STU
[gallons/student/yr]

SQF
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AVERAGE
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@ SH

AVERAGE
CONSUMPTION
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AVERAGE
CONSUMPTION

@
UNDERGRAD

AVERAGE
CONSUMPTION
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• Infromación Dispersa
– Documentos disQntos
– Tipos de documentos dist.

• Informal
– No portafolio
– Parcial o no benchmarks
– Pocos o no requisitos

operacionales
– Método no formalizado

• Tedioso y largo
– 4 semanas por iteración

7 5

4 2

19 70

4 4

D
es
aX

os
 p
ar
a 
id
en

Y
fic
ar
 d
ón

de
in
te
rv
en

ir



DIPLOMA DE  POSTÍTULO

DISEÑO   DE   EDIFICACIONES
ENERGÉTICAMENTE   EFICIENTES

• FM habitualmente manejan “heurísQcas” y
listas de recomendaciones más frecuentes
que _picamente han funcionado bien.

• Lista “low hanging fruit”
– Stanford Student Housing

– DOE

– PPEE

– Green Tips
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“BOLSA DE TRUCOS”
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Project Program
Lagunita - dishwasher upgrade CIP

Upgrade of commercial kitchens (Energy Star) CIP

Irrigation sensing upgrade (Maxicom) – Governor’s Corner WRP

Undergraduate residences showerheads replacement (1.2 gpm) WRP

Undergraduate residences low-flush urinals and toilets WRP

Graduate Highrises and midrises toilets replacements (1.6 gpf) WRP

Graduate residences showerheads (2 gpm) and sink aerator retrofit WRP

Undergraduate lighting upgrade ERP

Undergraduate occupancy sensors ERP

Efficient mechanical motors replacement ERP

Graduate housing (Rains) Energy Star refrigerators replacement ERP
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“BOLSA DE TRUCOS”
 Stanford Student Housing
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Project Program
Undergraduate residences industrial refrigerator replacement (Bob, Italiana, Xanadu,
Muwekma, Row houses)

ERP

Exit signage retrofit (from incandescent to LED) ERP

Energy efficient Blackwelder boiler replacement SHARP

Complete mechanical system retrofit for high rises – pumps, boiler, and pipes. SHARP

dual pane windows replacement SHARP

Escondido Village energy efficient boiler replacement SHARP

Undergraduate dormitories radiant heat convectors – provide control to occupants SHARP

Stern (Serra and Zapata) dual pane windows replacement SHARP

Row houses Energy Star renovation of industrial kitchen appliances SHARP

GovCo Cool Roof replacement – Adams/Robinson SHARP

Roth- Solar system installation SHARP

Cowell cluster - dual pane windows SHARP

Midrise cool roof retrofit SHARP

(10 bldgs) - re-roofing and roof insulation SHARP
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“BOLSA DE TRUCOS”
 DOE (US Department of Energy)
• http://www.energysavers.gov/your_home/lighting_daylighting/index.cfm/mytopic=11980
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“BOLSA DE TRUCOS”
 PPEE (Programa País Eficiencia EnergéEca)
• http://www.buenaenergia.cl/576/propertyvalue-13313.html
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“BOLSA DE TRUCOS”
 Green Tips
• http://www1.eere.energy.gov/consumer/consejos/
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20Toledo 2008   PhD Proposal

Benchmark
energy & water
consumption

Assess
operational
requirements
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Benchmark
energy & water
consumption

Assess
operational
requirements

Identify
underperforming
buildings

Display
consumption &
underperforming
buildings

Method for
portfolio
benchmarking

Rule for
operational
requirement
checking

Method for
visualization of
consumption data

Model for
PBS & CBS

Energy & water
consumption

Building
portfolio

4D benchmark 
model that identifies
underperforming
buildings & displays
consumption data

Weights: wij
Requirements: Ri

Modeling of product
and consumption data

BM method

Formal
representation

OR Rule
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• Effect of CIP on UYlity ConsumpYon:
Years 1999/2000 to 2006/2007
– ÚlQmos 7 años:

• Ahorro de 500,000 kWh
• Ahorro de 135,000 therms (gas natural) – 1 therm =
100,000 Btu

• Reducción de consumo de vapor de 25% anual
• Reducción de consumo de agua de 40%
• Reducción de cuentas de consumo de USD$ 5.8
millones (acumulado)

Mauricio Toledo © 2010 22FM – Diseño y Análisis de Intervenciones

IMPACTO DE REDUCCIÓN DE CONSUMOS
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• Costo de consumo de servicios bajó y se
estabilizó en 2001/02, pese a alzas de tarifas

• Reducción de electricidad y gas natural de 3%
y 5%, respecQvamente, pese a incremento de
capacidad de 5% (562 estudiantes).
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IMPACTO DE REDUCCIÓN DE CONSUMOS
Impacto Global – SSH PorIolio
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Overall: Water Use Down 36%, (Sewer 41%)  Since 2000!
Per Student: Down from 72 gal/day (61) to 46 gal/day (36)

• Fixtures
– 4600+ Toilets
– 4100+ Low‐Flow Shower Heads
– 1000+ Ultra Low‐Flow Shower Heads
– 4400+ Faucets
– 98 Urinals
– 50 Pre‐Rinse Spray Valves
– New Specs: 1.28 GPF Toilets, 1‐Pint Urinals, 0.8/1.6 GPF Tank Toilets

• Laundry
– 450+ Machine Replaced
– 50% More Efficient
– 20% Gas and Water Savings
– 3,000,000 Gallons Annually

• IrrigaYon
– Maxicom
– Lake Water (Since 2000 @ Branner, Sigma Nu, Mrs, Columbae, Roble)
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IMPACTO DE REDUCCIÓN DE CONSUMOS
Impacto Global – SSH Agua
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• 1. Toilets installed in
GovCo in September
2007

• 5 meses (Octobre 2007
hasta Febrero 2008)

• Ahorros:
688,108 gallons of
water (24% reducQon).

IMPACTO DE REDUCCIÓN DE CONSUMOS
Ejemplos Específicos
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2007-08 2006-07

Date Water (Gallons) Water (Gallons) Delta (Gallons) %

March 678,492            644,252            

April 472,512            455,906            

May 838,358            810,982            

June 704,249            1,335,255         

July 403,838            941,134            

August 459,422            650,835            

September 178,996            341,836            

October 568,330            616,726            (48,396) -8%

November 530,182            692,274            (162,092) -23%

December 383,126            642,682            (259,556) -40%

January 244,072            148,702            95,370 64%

February 433,990            747,424            (313,434) -42%

Subtotal 2,159,700         2,847,808         (688,108) -24%

Savings
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• 2. CFL's installed in
undergrad in fall 2007

• 5 meses desde el
reemplazo de CFLs

• Ahorro undergraduate
residences:
254,961 kWh
(5% reducQon).

IMPACTO DE REDUCCIÓN DE CONSUMOS
Ejemplos Específicos
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2007-08 2006-07

Date Electricity (kWh) Electricity (kWh) Delta (kWh) %

March 1,243,730         1,305,738         

April 1,019,538         1,050,375         

May 1,093,491         1,150,093         

June 1,079,501         1,134,118         

July 668,283            652,241            

August 703,571            712,670            

September 604,095            625,407            

October 935,424            992,185            (56,761) -6%

November 1,037,794         1,072,798         (35,004) -3%

December 984,768            994,023            (9,255) -1%

January 851,270            975,201            (123,931) -13%

February 1,141,818         1,171,828         (30,010) -3%

Subtotal 4,951,074         5,206,035         (254,961) -5%

Savings
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• 3. Ultra‐low flow
shower heads installed
in undergrad in
December 2007.

• 2  meses consumo.

• Ahorro en undergrad
residences of 1,166,904
gallons of water
(12% reducQon).

IMPACTO DE REDUCCIÓN DE CONSUMOS
Ejemplos Específicos
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2007-08 2006-07

Date Water (Gallons) Water (Gallons) Delta Gallons) %

March 6,763,999         6,977,639         

April 5,204,982         5,509,814         

May 9,502,425         7,479,478         

June 8,205,632         9,868,650         

July 5,153,105         7,301,047         

August 7,101,260         5,653,750         

September 3,598,505         3,481,926         

October 8,027,259         8,409,549         (382,290) -5%

November 7,107,967         7,174,262         (66,295) -1%

December 5,465,681         5,814,487         (348,806) -6%

January 3,300,548         1,823,280         1,477,268 81%

February 5,447,320         8,091,492         (2,644,172) -33%

Subtotal 8,747,868         9,914,772         (1,166,904) -12%

Savings
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• Ver PPT adjunta
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EJEMPLOS (PROGRAMAS PILOTOS)
FCFM
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EJEMPLOS (PROGRAMAS PILOTOS)
SSH – Green Campus
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EJEMPLOS (PROGRAMAS PILOTOS)
SSH – Green Campus
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EJEMPLOS (PROGRAMAS PILOTOS)
SSH – Green Campus
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EJEMPLOS (PROGRAMAS PILOTOS)
SSH – Green Campus


