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Dramatic reductions in CO2 are needed

Target reduction by 
2020

US proposed 
legislation

4% below 1990 
levels (20% below 
2005 levels)

EU commitment 20% below 1990
levels

IPCC 
recommendation

25ς40% below 1990 
levels



We are identifying how the US economy can use half the 
current energy by 2050, andget most of it from renewables



Retrofitting existing buildings 
is a key part of the solution



There is a big gap between 
BAU projections and 
required goals for 
commercial building stock



Commercial building carbon reduction goals



Achieving our goals means drastically 
increasing the quantity of buildings 
retrofit and the depth of savings

Quantity
(# of 
buildings)

Quality
(depth of
energy 
savings)

Achieve 
GoalsX =



Quality
(depth of energy savings)
(get systemic!)



1. Use Interdisciplinary approaches 

2. Design from Goals to Solutions 

3. Coordinate Systems

4. Design for Avoided Capital Costs

Use systems thinking to get deep energy savings



1. Use Interdisciplinary approaches 

2. Design from Goals to Solutions 

3. Coordinate Systems

4. Design for Avoided Capital Costs

Use systems thinking to get deep energy savings

(e.g. economics and engineering)



Finance

Utility

Energy

Water

Architecture

Tenants

Transportation

Materials

Operations

Whole Systems Approach



Define 

the Issues

Identify range 

of solutions

Analyze individual 

and combined 

measures

Select and 

refine strategies

Seek synergies

Plan for integrated 

design

Integrated Design Process
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Whole systems thinking at the Empire State Building 



Retrofitting the Empire State Building

ÅSave 38% of energy use with a 

3-year payback

ÅRemanufacturing 6,500 windows onsite into 
super windows

Å Installing better lights and equipment

ÅReplacing old chillers

Energy and cost savings:



Energy savings result from 8 key projects



Capital costs for individual measures

Measure

Description

Full Cost Capital Budget Incremental 

Cost

Windows $4.5m $455k $4m

Radiative Barrier $2.7m $0 $2.7m

DDC Controls $7.6m $2m $5.6m

Demand Control Vent Inc. above $0 Inc. above

Chiller Plant Retrofit $5.1m $22.4m ($17.3m)

VAV AHUs $47.2m $44.8m $2.4m

Tenant Day/Lighting/Plugs $24.5m $16.1m $8.4m

Tenant Energy Mgmt. $365k $0 $365k

Power Generation (optional) $15m $7.8m $7m

TOTAL (ex. Power Gen) $106.9m $93.7m $13.2m

Total energy savings: $4.4m/yr 3 yr 24 yr payback 



17

NPVάaŀȄέ

NPVάaƛŘέ

NPVάbŜǳǘǊŀƭέ

άaŀȄ /hнέ 
Reduction

($25,000)

($5,000)

$15,000 

$35,000 

0 40,000 80,000 120,000 160,000 

N
e
t 
P

re
s
e
n
t 

V
a
lu

e
 o

f 
P

a
c
k
a

g
e
 o

f 
M

e
a
s
u

re
s

T
h

o
u

sa
n

d
s

Cumulative metric tons of CO2 saved over 15 years

15-Year NPV of Package versus Cumulative CO2 Savings

There are diminishing (and 

expensive) returns for 

greater efficiency.

A solution that 

balances CO2 

reductions and 

financial returns 

is in this range.

Balancing energy and CO2 Reduction



1. Use Interdisciplinary approaches 

2. Design from Goals to Solutions 

3. Coordinate Systems

4. Design for Avoided Capital Costs

Use systems thinking to get deep energy savings



The rights steps (and right order) address the 
retrofit challenge and create abundance

Define needs

Maximize efficiency

Meet needs through passive design

Meet the remaining load with efficient systems

Use waste energy streams

Providing controls

Clean power / carbon offsets
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ÅBetter thermal comfort

ÅImproved indoor air quality 

ÅBetter lighting conditions

Enhanced work environments are created. 



Starting downstream saves the most energy



New mindset for old problems

A redesign of standard 
pumping will: 
1. Cut power use
2. Save capital cost
3. Work better



No new technology, just two design changes

1. Big pipes, small pumps
2. Lay out the pipes first, 

then the equipment



1. Use Interdisciplinary approaches 

2. Design from Goals to Solutions 

3. Coordinate Systems
Interactions between packages and systems

4. Design for Avoided Capital Costs

Use systems thinking to get deep energy savings



Multiple Benefits from single expenditures
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Install more than six-thousand insulated reflective barriers behind radiator units 

located on the perimeter of the building.

RadiativeBarriers
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Remanufacture existing insulated glass units (IGU) within the Empire State 

Buildingôs approximately 6,500 double-hung windows to include suspended 

coated film and gas fill. 

Windows
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This measure involves reducing lighting power density in tenant spaces, 

installing dimmable ballasts and photosensors for perimeter spaces, and 

providing occupants with a plug load occupancy sensor for their personal 

workstation.

Tennant Daylighting , Lighting, and Plug loads
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The chiller plant retrofit project includes the retrofit of four industrial electric 

chillers in addition to upgrades to controls, variable speed drives, and primary 

loop bypasses.

Chiller Plant Retrofit


