
E M P I R E  S T A T E  B U I L D I N G

B U I L D I N G  AT  A  G L A N C E

Name  Empire State Building

Location  New York

Owner  Empire State Building Company

Year Built  1931

Principal Use  Office 

Rentable Square Footage  2.8 million

P R O J E C T  AT  A  G L A N C E

Scope  Major capital improvement 
project including upgrades to windows, 
mechanical systems, ventilation system, 
lighting, controls; improved air quality 
and thermal comfort; restoration of art 
deco lobby; observatory renovation 

Estimated Cost  $500 million (includes 
$13.2 million in incremental costs for 
additional energy savings)

Design Objective 
   Reduce greenhouse gas emissions 

   Demonstrate how to retrofit large 
commercial buildings cost effectively

   Demonstrate that such work makes 
good business sense

Estimated Completion Date  2013

E N E R G Y  AT  A  G L A N C E

Energy Use Intensity (Site) 
88 kBtu/ft2 (prior to 2008)

Annual Energy Cost Index (ECI) 
$4/ft2 · yr (prior to 2008)
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C A S E  S T U D Y

New York’s Empire State Building, 

opened in 1931 at the height of the 

Great Depression, is seeking not 

only to reduce its energy use by 

nearly 40% and recoup its incre-

mental costs within three years, 

but to demonstrate the business 

case for green retrofits of older 

buildings. The project team is pro-

viding its model and practical tools 

for other building owners to use 

and replicate.

RENAISSANCE
Energy

B Y  D A N A  S C H N E I D E R  A N D  PA U L  R O D E
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Retrofits typically reduce energy 
consumption by 10% to 20%; how-
ever, the team was able to project 
savings of 38% by taking an inte-
grated approach.

A variety of energy conservation 
measures were studied prior to project 
implementation, including the pro-
cess for refurbishing the Empire State 
Building’s 6,514 operable windows 
for energy efficiency. The team ana-
lyzed the cost and benefit of reusing 
the existing windows versus replac-
ing them. It found that removing the 
sashes and the existing double-pane 
glass, adding a third pane with a low 
emissivity (low-E) film, and reinstall-
ing the windows would reduce the 
upfront cost, double the energy sav-
ings and avoid material waste.

A
s part of the $500 mil-
lion Empire State 
ReBuilding program, 
the owners sought to 

boost their planned capital improve-
ments by asking a team of experts to 
recommend sustainability measures 
that could be incorporated as part 
of the planned renovations. The 
renovations, some of which have 
already started while others will be 
completed as existing leases end, 
will let building ownership offer 
state-of-the-art office amenities in 
a historic building while reducing 
energy use and carbon emissions. 

MAJOR PROJECT  FEATURES

Recycled materials  Windows will be 
removed, upgraded with a third pane 
and low emissivity film, and reinstalled

Lighting  Ambient, direct/indirect and 
task lighting; dimmable ballasts and  
photosensors for perimeter spaces

Controls  CO2 sensors for tenant 
demand control ventilation; direct 
digital controls upgrades for building 
systems including refrigeration plant, 
condenser water system and chilled 
water air-handling units

Chiller Plant  Chiller capacity will be 
reduced because of the projected 
reduction in cooling load; retrofitting 
the chiller plant rather than replacing 
it will account for the project’s greatest 
cost savings
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The original lobby ceiling mural depicted 
an interpretive celestial sky — rendered in 
aluminum leaf with gold glazes — with sun-
bursts and stars that resembled industrial 
gears and wheels. It was covered and irrepa-
rably harmed when an acrylic panel dropped 
ceiling was installed in the 1960s. As part 
of the lobby’s recent renovation, a new 
mural was recreated based on photographs 
and descriptions of the original panels.

Below Two art deco chandeliers were 
originally planned for the building, but were 
never created. As part of the recent lobby 
renovation, the chandeliers were fabricated 
according to the original plans and installed.

B U I L D I N G  T E A M

Building Owner/Representative 
Empire State Building Company

Project Advisor  Clinton Climate Initiative

Project Manager  Jones Lang LaSalle

Energy Service Company 
Johnson Controls

Design Partner and Peer Reviewer 
Rocky Mountain Institute

HPB.hotims.com/30304-6
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peak electrical demand by 3.5 MW, 
benefitting the building and utility. 

Reducing Loads
Building Windows. The build-
ing’s approximately 6,500 insulated 
glass (IG) double-hung windows 
will be upgraded to include sus-
pended coated film and gas fill. This 
“remanufacturing” of the IG units 
will take place within the building.

IG units will be removed, delivered 
to a production area, and picked up 
for reinstallation. Different coated 
films will be used as the suspended 
film according to the orientation. 
A mix of krypton and argon gas 

of carbon dioxide over the next 15 
years. Achieving an energy reduc-
tion greater than 38% appeared to 
be cost prohibitive under current 
economic conditions. 

To achieve these results, the build-
ing needed to implement eight key 
projects or measures. The recom-
mendations would reduce cooling load 
requirements by 33% (1,600 tons) and 

The air-handling units are another 
example of capitalizing on the pre-
existing capital improvement plan. 
The team suggested that instead of 
replacing old units with the same 
models, the Empire State Building 
should replace them with variable 
speed fan units when they wear out. 
While the cost would be marginally 
higher, the energy efficiency that was 
achieved by regulating fan speed by 
temperature would be much greater, 
and the building would need only 
two units per floor instead of four.

Recommendations
The team collaborated from April 
to November 2008 and determined 
that at current energy costs, the 
Empire State Building could cost-
effectively reduce energy use by 
38% and save 105,000 metric tons lease. The Empire State Building 

will benefit from tenant compliance 
with these recommendations as it 
will result in lower cooling demand 
and higher sustainability ratings for 
the building. Tenants will benefit 
from reduced utility costs and higher 
quality, more productive spaces.

Efficient Technology
Chiller Plant Retrofit. The cool-
ing load reduction projects allow 
the team to reduce chiller capacity. 
This meant the team could recom-
mend a far cheaper chiller retrofit 
project rather than bringing in new 

will be used between the glass and 
suspended film. The upgrade will 
improve the thermal resistance of the 
glass from R-2 to R-6 and cut the 
solar heat gain by more than half, in 
addition to allowing for the reuse of 
all existing glass and frames. 

Radiative Barrier.  More than 6,000 
insulated reflective barriers will 
be installed behind radiator units 
located on the perimeter of the 
building. In addition, the radiator 
will be cleaned and the thermostat 
will be repositioned to the front  
side of the radiator.

Tenant Daylighting, Lighting,  
and Plugs.  Lighting power density 
and energy use in tenant spaces 
will be reduced by using ambient, 
direct/indirect and task lighting; 
installing dimmable ballasts and 
photosensors for perimeter spaces; 
and providing occupants with a plug 
load occupancy sensor for their per-
sonal workstations.

It is not likely that the Empire 
State Building will provide the capi-
tal to ensure the tenant measures are 
implemented; rather, building man-
agement will provide tenants with 
the examples (via prebuilts), the data 
(the team analysis), and the tools 
(the eQUEST model) to help them 
understand the cost-effectiveness of 
these measures over the term of their 

chillers. The chiller plant project 
will include the retrofit of four 
industrial electric chillers (one low-
zone unit, two mid-zone units and 
one high-zone unit) in addition to 
upgrades to controls, variable speed 
drives and primary loop bypasses. 

Some 200,000 cubic ft of Indiana limestone 
covers the exterior of the Empire State 
Building. Architect William Lamb decided 
that the columns of stone would be easier 
to put up if they were separated from the 
windows with metal strips. The strips cov-
ered the stone’s edges, which meant the 
stone could be rough-cut at the quarry and 
then heaved into place without any final 
cutting or fitting, saving a great amount of 
time. The stonework began in June of 1930 
and was completed in November.

M A X I M I Z I N G  E N E R G Y  S A V I N G S

Taking the right steps in the right order 
was critical. First, the team reduced cooling 
and heating loads through measures like the 
radiative barrier and window upgrades. Next, 
the team chose efficient technology like vari-
able speed drives on chillers and variable air 
volume air handlers to reduce the remaining 
need. It incorporated controls so the equip-
ment is used only when necessary. 

If the team had started by looking only at 
efficient technology before reducing loads, it 
would have missed an opportunity. Reducing 
energy consumption is far cheaper than pay-
ing for infrastructure to use it plus a lifetime 
of operations and maintenance. 

Reduce Loads

Install Efficient Technology

Use Controls

The Empire State Building’s lobby is a 
National Historic Landmark. After nearly two 
years of research, the project team restored 
the lobby ceiling, lighting and marble to the 
original architects’ art deco vision. The origi-
nal 1930s lighting scheme, which is dimmer 
and draws the eye up to the ceiling mural 
as the lobby’s focal point, has been restored 
with energy-efficient bulbs and ballasts. 
Some 12,000 linear feet of cast glass light 
fixture lenses were recreated to line the 
lobby and side corridors.

The Empire State Building 

struggled to attract tenants in 

its early years during the Great 

Depression. Its high vacancy 

rate earned it the nickname 

“Empty State Building.”
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The Empire State Building is 

struck by lightning about 100 

times per year. It is designed 

to serve as a lightning rod for 

the surrounding area.



Controls
Tenant Demand Control 
Ventilation. CO2 sensors will be 
installed to control outdoor air to 
the chilled water air-handling and 
direct expansion (DX) air-handling 
units. One return air CO2 sensor 
will be installed per unit in addition 
to removing the existing outdoor air 
damper and replacing it with a new 
control damper.

Direct Digital Controls.  The bal-
ance of the direct digital controls 
(DDC) project involves upgrading 
the existing control systems at the 
Empire State Building. The pro-
posed project design and layout is 
based on Johnson Controls’ Metasys 
Extended Architecture BACnet 
controllers and includes Ethernet 

VAV Air-Handling Units.  The 
Empire State Building originally 
planned to replace existing constant-
volume air handlers with identical 
units. The team recommended a 
new air-handling layout (two floor-
mounted units per floor instead of 
four ceiling-hung units) and variable 
air volume (VAV) units. All 485 exist-
ing constant-volume air-handling 
units will be replaced over time.

This recommendation will result in  
little additional capital cost while 
reducing maintenance costs. The 
quantity of air handlers will be re-
duced, and they will be floor mount-
ed, making maintenance easier. 
In addition, comfort conditions for 
tenants will be improved due to re-
duced noise and increased thermal 
accuracy and control.

The team also considered several 
options for additional capacity, 
including cogeneration, gas-fired 
generation, fuel cells, renewable 
energy and purchasing capacity. 
The team recommended a 2 MW 
natural gas-fired generator to power 
variable chiller plant loads, increas-
ing capacity to 11.6 MW. However, 
the ownership decided it was not 
necessary due to the substantial 
load reductions.

All existing pumps and chill-
ers will remain. For the low-zone 
chiller, the retrofit will involve the 
installation of a new chiller mounted 
variable drive, a new VSD-rated 
compressor motor, a new filter to 
reduce harmonic distortion, and a 
new Optiview Graphic Control Panel 
with the latest software revision. 

For all other chillers, the retrofit 
will involve the installation of new 
drivelines, new evaporator and 
condenser water tubes, new control 
panels, chiller water bypasses with 
two-way disk type valves, new pip-
ing in place of backwash reversing 
valves, new automatic isolation 
valves on the CHW supplies to each 
electric chiller, and temperature and 
pressure gages on all supply and 
return lines. In addition, existing 
R-500 refrigerant will be removed 
(per EPA guidelines) and replaced 
with R-134a refrigerant. 

Built during the Depression, the Empire 
State Building was the center of a compe-
tition between Walter Chrysler (Chrysler 
Corp.) and John Jakob Raskob (creator of 
General Motors) to see who could build the 
tallest building. From the time the construc-
tion began on March 17, 1930, the build-
ing’s steel frame rose at an average rate of 
four and a half floors per week.

The anemometer on the Fifth Avenue main 
lobby entrance mural was restored as part 
of the Empire State Building’s $500 mil-
lion renovation and modernization project. 
It measures wind speed and direction 
from the 86th floor observatory and was 
originally planned to measure conditions at 
the building’s mast where dirigibles were 
supposed to dock. During the New England 
Hurricane of 1938, wind speeds of 120 mph 
were recorded at the top of the building.

Model and tools for other 

building owners available at 

www.ESBsustainability.com 
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DIAGNOSTIC TOOLS TO MEASURE BUILDING PERFORMANCE

DIAGNOSTIC TOOLS TO MEASURE BUILDING PERFORMANCE

The ENERGY
CONSERVATORY

Blower Door tests are used to measure the airtightness level of building envelopes, diagnose 
and demonstrate air leakage problems, estimate natural infiltration rates, estimate efficiency 
losses from building air leakage, and certify construction integrity.

For more than 20 years, the Minneapolis Blower DoorTM has been 
recognized as the best designed and supported building airtightness 
testing system in the world.  Combined with new features such as 
Cruise without a computer, specialized accessories and complete 
testing procedures developed by The Energy Conservatory, the 
Minneapolis Blower Door is the system of choice for utility programs, 
energy raters, HVAC contractors, builders, insulation contractors and 
weatherization professionals.

Precision Engineered, Calibrated Fan• 
Accurate, Powerful 2 Channel Digital Pressure and Flow Gauge• 
Lightweight, Durable Aluminum Door Frame and Fabric Panel• 

Airtightness Testing - Not Just for Homes Anymore
Airtightness testing of homes has been around for more than 20 years.  Various 
energy programs and uctuating energy bills have provided homeowners an 
incentive to improve the airtightness of their homes.  Energy tax credits can 
also be received by the homeowner but only if the house airtightness has been 
veri ed that it is less leaky after remodeling than before.
In England, airtightness testing of buildings over 10,000 square feet was the rst 
regulation initiated to reduce energy consumption.  Efforts to make commercial 
buildings more energy ef cient in the U.S. has only recently been incorporated 

into various “green” initiatives.  Tests of commercial 
buildings show that they tend to be more leaky than the 
average house, based on air leakage per square foot of 
surface area.  That means that commercial buildings are 
less energy ef cient than the average house.
To measure the actual airtightness of a large building means more air is needed 
to maintain a reasonable test pressure.  The Energy Conservatory, a leader in 
airtightness testing, has kits available to directly measure more than 18,000 
cubic feet per minute of air leakage.  Multiple kits and fans can be used 
simultaneously to generate more air for accurate and reliable measurements of 
air leakage for testing before and after retro tting.
For more information on multi-fan systems contact The Energy Conservatory  
at 612-827-1117 or visit our website at www.energyconservatory.com.

Minneapolis Blower Door™
The Leader in Airtightness Testing

For more information about options, price and delivery, 
please call 612-827-1117.  To view and download the 
product literature and complete owner’s manual visit 
our website at www.energyconservatory.com

D52705asjl_711123A.indd   1 10/18/07   11:34:06 PM

•  Exhaust fans;
•  Stand-alone chiller monitoring;
•  Miscellaneous room temperature 

sensors; and
•  Electrical service monitoring.

Tenant Energy Management
The project will allow for the inde-
pendent electric metering of a 
greater number of tenants. They will 
have access to online energy and 
benchmarking information as well 

and BACnet risers with all neces-
sary devices and equipment, ADX 
server/workstation, printer, software 
and Web access capability.

This measure includes control 
upgrades for the following building 
systems:
•  Refrigeration plant building 

management system;
•  Condenser water system;
•  Chilled water air-handling units;
•  DX air-handling units;

In 1945 a B-25 bomber, lost 

in the fog, slammed into 

the 79th floor of the Empire 

State Building and killed 14 

people. The accident caused 

$1 million in damages, but 

the structural integrity of the 

building was not affected.

L E S S O N S  L E A R N E D

Developing solutions requires the  
coordination of key stakeholders. 
Planning energy efficiency retrofits in large 
commercial office buildings must address 
a dynamic environment, which includes 
changing tenant profiles, varying vacancy 
rates and planned building renovations. In 
the Empire State Building, the project team 
included engineers, property managers, 
energy modelers, energy-efficiency experts, 
architects and building management.

Each of these stakeholders was needed to 
help build an energy model that addressed 
the building’s changing tenant profile and 
helped the team model the impacts of its 
energy efficiency strategies. The team also 
coordinated with the tenants. Involving ten-
ants early in the process and considering 
their perspective is critical because more 
than half of the energy efficiency measures 
that will be implemented at the Empire 
State Building involve working both with ten-
ants and within their spaces.

Maximizing energy savings profitably 
requires planning and coordination.
For an energy efficiency retrofit to be cost 
effective, the retrofit needs to align with 
the planned replacement or upgrades of 
multiple building systems and components. 
For instance, the Empire State Building had 
plans underway to replace its chillers, fix 
and reseal some of its windows, replace 
air-handling units, change corridor lighting 
and install new tenant lighting with each 
new tenant.

Since these upgrades were already going 
to be carried out, the team redesigned, 
eliminated and created projects that cost 
more than the initial budget, but had signifi-
cantly higher energy savings over a 15-year 
period. When these energy savings were 

accounted for along with the added upfront 
project costs, the net present value of the 
energy efficient retrofit projects was better 
than that of the initial retrofit projects. The 
total additional cost was $13.2 million with 
$4.4 million of annual savings, representing 
a three-year payback for the added cost.

However, had energy efficiency projects 
not been coordinated with planned proj-
ects, the incremental cost would have 
been far greater than $13.2 million. Doing 
energy efficiency projects well before major 
systems and components are ready for 
replacement will likely be cost prohibitive, 
with a poor net present value. 

A tension exists between business value 
and reducing CO2 emissions.
In the Empire State Building, maximizing 
profitability from the energy efficiency retrofit 
leaves almost 50% of the CO2 reduction 
opportunity on the table. The building owner, 
while still selecting an optimal package of 
measures with a high net present value, 
sacrificed 30% of projected profit to deliver 
more CO2 reductions and improve the light-
ing and tenant comfort within the building. 

Changes in energy prices and/or the cost 
of energy efficiency technologies may help 
to better align profit maximization and CO2 
reduction. However, as things stand cur-
rently, a gap exists between the potential 
CO2 reduction and the financially beneficial 
amount of CO2 reduction from a building 
owner’s perspective.

A replicable streamlined process for a 
whole building retrofit is needed.
Developing the energy efficiency strategies 
that will be implemented in the Empire 

State Building took over eight months of 
intensive building audits, brainstorming 
charrettes, energy modeling, documenta-
tion and financial analysis. Although the 
Empire State Building is a unique building 
with unusual challenges, the process that 
drove deep energy and carbon savings in 
the Empire State Building can be made 
much more accessible. 

Having completed the recommendations 
for the Empire State Building, the project 
team recognizes that a number of oppor-
tunities for condensing the study period 
exist, including developing experienced 
teams, creating tools for rapidly diagnosing 
and categorizing a building (or a portfolio of 
buildings) as “ripe” or not, quickly develop-
ing a “first-cut answer,” and developing and 
using tools such as financial and energy 
modeling to arrive at the optimal package 
of measures.

Carbon regulation does not signifi-
cantly affect the Empire State Building 
recommendation.
The financial decision-making tool helped 
to clarify that the recommended package 
of energy efficiency measures would not 
significantly change if carbon regulations 
led to slightly higher energy prices over 
time. Carbon regulation that changed 
energy prices by less than 2% per year had 
little effect on the financial performance of 
the modeled packages. However, if energy 
prices rise by more than 8% (associated 
with a carbon price of approximately $30/
metric ton of CO2), a package with all of 
the energy efficiency measures that were 
analyzed (as opposed to those that were 
recommended), rises to net present value 
(NPV) neutral instead of NPV negative.

HPB.hotims.com/30304-13
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as sustainability tips and updates. 
Tenants will be able to compare 
their energy use to average high and 
low performers to understand how 
well they are performing.

Retrofit Summary
The greatest cost savings comes 
from the ability to retrofit the chiller 
plant rather than replace it. This was 
made possible by reducing the cool-
ing load by 1,600 tons. The savings 
stem from the demand control ven-
tilation project, which reduces total 
outdoor air introduction, and the 
window light retrofit, which reduces 
solar heat gain.

Under the proposed plan, peak 
electrical use would also be reduced 
by 3.5 MW, down from its current 
peak and capacity of 9.6 MW to just 
over 6 MW. 

In addition to reducing energy 
and carbon dioxide emissions, the 
proposed sustainability program 
would deliver an enhanced envi-
ronment for tenants, including 
improved air quality resulting from 
tenant demand controlled ventila-
tion; better lighting conditions from 
coordinated ambient and task light-
ing; and improved thermal comfort 
resulting from better windows, the 
radiative barrier and better controls.

Financial Analysis
Johnson Controls (the performance 
contracting ESCO), the Empire 
State Building and tenants are each 
responsible for delivering some of 
the total savings (Figure 1). The base 
building projects will be financed 
out of the building’s cash flow. Work 
started in 2009 and will be complete 
by 2013 (55% of the savings will be 
in place by Dec. 31, 2010).

short-term projects that can be done 
within 18 to 24 months, while the 
Empire State Building and tenants 
are implementing the longer-term 
projects that must be coordinated 
with tenant turnover. 

The ESCO agreed to deliver 61% 
of the total savings using a perfor-
mance contract mechanism with a 
cost of $20 million and guaranteed 
savings of approximately 20%. 
The ESCO is implementing the 

    F I G U R E   1  E N E R G Y  S A V I N G S  B Y  S TA K E H O L D E R

*Adjusted for planned operating procedures such as cooling corridors.
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Johnson Controls, the Empire State Building and tenants are each responsible  
for a portion of the total savings.

F I G U R E   2  E L E C T R I C I T Y  U S E

The retrofit is a work in progress. Savings have already accrued, with a nearly 20% reduction 
in 2009 versus the 2007 base year. The performance contracts were signed in the spring  
of 2009. However, the ESCO began work to address low-hanging fruit and quick payback 
opportunities before the deal was completed.
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Building provides an example of 
how this can be done. However,  
significant challenges remain that 
must be addressed to quickly  
and cost effectively capture the full 
greenhouse gas reduction opportu-
nity for building retrofits on a wide-
spread basis. •

energy savings, several projects also 
qualify for utility rebates and pro-
vide operational savings.

Conclusion
A compelling need as well as an 
economic case exist for reducing 
greenhouse gas emissions in exist-
ing buildings. The Empire State 

Table 1 summarizes the cost and 
projected energy savings for each 
measure and the total project. 
When the on-site power generation 
project is included, the savings are 
approximately $4.4 million annu-
ally for an incremental capital cost 
of $13.2 million, representing a 
three-year payback. In addition to 

A B O U T  T H E  A U T H O R S

Dana Schneider, LEED AP, is the Northeast 
Market Lead for Energy and Sustainability 
Services at Jones Lang LaSalle and is 
sustainability program manager for the 
Empire State Building retrofit.

Paul Rode is a project executive for the 
Solutions Division of Johnson Controls.

TA B L E   1  C O S T S  A N D  P R O J E C T E D  E N E R G Y  S A V I N G S

Project Description
Projected  

Capital Cost
2008  

Capital Budget
Incremental 

Cost
Estimated Annual 

Energy Savings

Windows $4.5m $455k $4m $410k

Radiative Barrier $2.7m $0  $2.7m $190k

Direct Digital Controls $7.6m $2m $5.6m $741k

Demand Control Vent Incl. above $0  Incl. above $117k

Chiller Plant Retrofit $5.1m $22.4m – $17.3m $675k

Variable Air Volume  
Air-Handling Units

$47.2m $44.8m $2.4m $702k

Tenant Daylighting, 
Lighting, Plugs

$24.5m $16.1m $8.4m $941k

Tenant Energy 
Management

$365k $0  $365k $396k

Power Generation 
(optional)

$15m $7.8m $7m $320k

Total $106.9m $93.7m $13.2m $4.4m

The first light to shine atop the Empire State 
Building (November  1932) was a search-
light beacon, which told people for 50 miles 
that Franklin D. Roosevelt had been elected 
president of the United States. Now hun-
dreds of fluorescent lights can be changed 
with the flip of a switch. The changing light-
ing scheme recognizes holidays, sporting 
events such as the Super Bowl and occa-
sions such as the homecoming of troops 
from Operation Desert Storm.
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