The Empire State Building
Repositioning an Icon as a Model of Energy Efficient Investment
Paul Rode, Johnson Controls

For more information, please visit www.esbsustainability.com

PROJECT TEAM
A team of distinguished partners
Empire State Building
• Leadership
• Vision

Clinton Climate Initiative
• Convener of key partners
• Catalyst for global replication

Rocky Mountain Institute
• Thought leadership
• Whole-system design

Jones Lang LaSalle
• Sustainability program management
• Pre-built office suite design standards

Johnson Controls
• Detailed engineering design & implementation
• Guaranteed delivery of energy savings

Industry drivers for energy efficient retrofits
Converging forces

Business opportunity

Recognition of need to develop more
sustainable and efficient business practices

Growing pressure to alter appraisals, values
for lending and purchasing based on
sustainability

Acceptance of energy supply constraints and
national security issues posed by energy
dependence
Emerging city/state initiatives
Corporate trend toward GRI reporting, self
regulation and reduction in GHG emissions
Customer, employee and shareholder
pressures

Reduced operating costs through efficiency
Increased marketability, competitiveness
Improved work environments, productivity,
recruitment and retention
Positive NPV and ROI
Fund improvements through energy savings
Maintain value
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“Green” vs. Energy Efficient Retrofits
Green building practices include energy efficiency.
Energy efficient retrofits focus on quantifiable energy efficiency measures.

Green Building Practices
•Renewable,

recycled-content,
reused and locally produced
materials
•Indoor

air quality (voc-free
materials)
•Green

cleaning

•Recycling programs
•Energy
•Water

conservation

reduction

•Integrated

pest management

Energy Efficient Retrofits

Reduce loads
Reduce energy usage
Optimize systems efficiency
Provide controls
Integrated, lifecycle approach
Quantifiable metrics
Measured savings
Measurable payback and
return on investment
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Regulation is coming but the economic need is already here

Cap-and-trade =Electricity costs will be
going up
Federal mandates require 20% more energy
efficient by 2015, 50% by 20% = shape up or
become obsolete
Federal funding for energy retrofits= take
advantage and upgrade your building
Call for greater transparency=know where
you stand

5

The Empire State Building
Demonstrate the business case for cost effective energy efficient retrofits through
verifiable operating costs reductions and payback analysis
102 stories and 2.8 million square feet`
3.8 million visitors per year

$11 million in annual energy costs
Peak electric demand of 9.5 MW

down from 11.6 (3.8 W/sqft, inc HVAC)

88 kBtu per sq ft per yr for the office
building
CO2 emissions of 25,000 tons per yr
(22 lbs/sqft)
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II. PROJECT DEVELOPMENT PROCESS
1) Five key groups and contributors used a collaborative and iterative approach.
The project development process, which the team focused on, is the first step
towards executing and verifying the success of a retrofit.
Retrofit Project Timeline

2010

Project
Execution

Project development

Measurement &
Verification

2025

Taking the right steps in the right order ensures loads are minimized prior
to investigating expensive capital upgrades

Teams must take a whole-systems, dynamic, life-cycle approach.

Reduce Loads

Capital Cost
Utility Savings
Utility Rebates

Use Efficient
Technology

Tax Implications
O&M Impacts
Escalation Assumptions
Discount Rate

Provide Controls

Future Cost of CO2
Tenant Utility Structure

Development model
Demonstrate how to cost-effectively retrofit a large multi-tenant office
building to inspire others to embark on integrated energy efficiency
retrofits.

PROJECT DEVELOPMENT PROCESS
A 4-phase project development process helped guide progress.
Determining the optimal package of retrofit projects involved identifying
opportunities, modeling individual measures, and modeling packages of measures.
Identify
Opportunities

Model Individual
Measures

Create Packages
of Measures

Model
Iteratively

Outcome:
Package of measures with
best economic &
environmental benefits
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DEVELOPMENT PROCESS
1) Five key groups and contributors used a collaborative and iterative approach.
Many other contributors, in addition to the core team, provided additional
expertise to fully explore all opportunities.
Ownership/
Management
Engineers
Sustainability
Experts
Energy
Modelers
Contractors

Leasing agents
Benchmarking
Contractor
Estimates
Field
Verification

Energy
Modeling

Tool
Development

Financial/LCCA
Modeling

Brainstorming
Charrettes

Project
Development
Goal
Setting

Design
Drawings

3rd party review
Financial
experts
M&V experts
Architects

The business case – integrated approach
More than half the savings exist within tenant spaces
Energy Savings: Base Building vs. within Tenant Space
60,000,000

Tenant DCV

Annual Energy Savings (kBtu)

50,000,000

Radiative Barrier
Tenant Energy
Management

40,000,000

Bldg Windows

30,000,000

Retrofit Chiller
20,000,000

10,000,000

VAV AHU's
Balance of DDC

Tenant Daylighting/
Lighting/Plugs

Measures that only affect the Base Building

Measures within Tenant Space

0
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Implementing recommended measures
Eight interactive levers ranging from base building measures to tenant engagement
deliver these results
38%
Reduction
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KEY FINDINGS
Eight interactive levers ranging from base building measures to tenant
engagement deliver these results.
Though it is more informative to look at financials for the package of measures,
capital costs and energy savings were determined for each individual measure.
Project
Description

Projected Capital
Cost

2008 Capital
Budget

Incremental Cost

Max Annual Energy
Savings*

Windows

$4.5m

$455k

$4m

$410k

Radiative Barrier

$2.7m

$0

$2.7m

$190k

DDC Controls

$7.6m

$2m

$5.6m

$741k

Demand Control Vent

Inc. above

$0

Inc. above

$117k

Chiller Plant Retrofit

$5.1m

$22.4m

-$17.3m

$675k

VAV AHUs

$47.2m

$44.8m

$2.4m

$702k

Tenant Day/Lighting/Plugs

$24.5m

$16.1m

$8.4m

$941k

Tenant Energy Mgmt.

$365k

$0

$365k

$396k

Power Generation (optional)

$15m

$7.8m

$7m

$320k

$106.9m

$93.7m

$13.2m

$4.4m

TOTAL (ex. Power Gen)

*Note that energy savings are also incremental to the original capital budget.
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IMPLEMENTATION
Three stakeholders, with different implementation mechanisms, will
deliver the savings.
Project Description

Implementer

Windows

Johnson Controls

Radiative Barrier

Johnson Controls

DDC Controls

Johnson Controls

Demand Control Vent

Johnson Controls

Chiller Plant Retrofit

Johnson Controls

VAV AHUs
Tenant Day/Lighting/Plugs
Tenant Energy Mgmt.

Empire State Building
Tenants & Empire State Building
All
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Business case through verifiable operating costs
reductions and payback analysis
With a $550 million capital improvement program underway, ownership decided to
re-evaluate certain projects with cost-effective energy efficiency and sustainability
opportunities in mind.
Capital Budget Adjustments for Energy Efficiency Projects
Total ESB Capital Budget (million $)

120
100
80
60
40
20

2008 Capital
Budget for
EnergyRelated
Projects =
$93m+ 0%
Energy
Savings

Sum of adds /
changes / deletes =
+$13m

3.1 year payback
on incremental
cost

New Capital
Budget w /
Efficiency Projects
= $106m
+ 38% Energy
Savings

0
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Balance financial return & carbon reduction
ESB can achieve a high level of CO2 and energy reduction cost-effectively

A solution that balances CO2
reductions and financial returns
is in this range.

There are diminishing (and
expensive) returns for
greater efficiency.

17

LESSONS LEARNED
At a certain point, CO2 savings and business value become polarities.
Attempting to save CO2 faster may be cost prohibitive.
15-Year NPV of Package versus Cumulative CO2 Savings
Net Present Value of Package of Measures

$40,000,000
$30,000,000

NPV Mid

Acceleration reduces the
NPV as projects become out
of sync with replacement
cycles

$20,000,000
$10,000,000

NPV Mid
Acclerated

$0
0
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80,000

100,000
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140,000

160,000

($10,000,000)
($20,000,000)
($30,000,000)
($40,000,000)

Cumulative metric tons of CO2 saved over 15 years
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LESSONS LEARNED
At a certain point, CO2 savings and business value become polarities.
Anticipated CO2 regulation in the U.S. doesn’t change the solution set …
though European levels of regulation would.
15-Yr NPV and Cumulative CO2 Savings at Fluctuating Carbon Costs
$50,000,000
$40,000,000
$30,000,000

NPV ($)

$20,000,000
$10,000,000
$0
0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

160,000

($10,000,000)
($20,000,000)
($30,000,000)

Cumulative CO2 Savings (Metric Tons)
No Regulation
1.34%: RGGI
8.8% CA: EU OTC

.33% CA: Low Carbon Economy Act
2% CA: Lieberman Warner
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Measures
WINDOWS: Remanufacture existing insulated glass units (IGU) within the
Empire State Building’s approximately 6,500 double-hung windows to include suspended
coated film and gas fill.
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Measures
RADIATIVE BARRIER: Install more than six-thousand insulated reflective barriers behind
radiator units located on the perimeter of the building.
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Measures
CHILLER PLANT RETROFIT: 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.
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Measures
DDC CONTROLS: The measure involves upgrading the existing control systems at the
Empire State Building becoming one of the largest wireless networks ever installed.
Real-time facilities performance index monitoring used for continuous commissioning of
HVAC systems.
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Measures
TENANT DAYLIGHTING / LIGHTING / PLUGS: 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.
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Measures
VAV AIR HANDLING UNITS: Replace existing constant volume units with variable air volume
units using a new air handling layout (two floor-mounted units per floor instead of four ceilinghung units).
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Measures
DEMAND CONTROL VENTILATION: This project involves the installation of CO2 sensors for
control of outside air introduction to chiller water and DX Air Handling Units.
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Measures
TENANT ENERGY MANAGEMENT: This project will provide tenants with access to online
energy consumption and benchmarking information as well as sustainability tips and updates.
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Financing Options for Energy Efficiency & Renewable Energy in Existing Buildings
To overcome the “first cost” barrier and create cash flow positive solution for building owners
Model
Traditional Debt
(Loans or Bonds)
Shared Savings
Tax-Exempt Lease
Purchase Agreement
Capital Lease
Lease or Bond Pools
Tariff-Based On-Bill
Financing (OBF)
Tax-Lien Financing
(PACE)
Energy Efficient
Mortgages

Finance Model
“Superchargers”

Pros

Cons

• Mature and widely available financing vehicle

• Medium to high interest rates
• Holding period concerns; No transfer w/ property turnover

• Aligns incentives for deepest energy savings possible

• Large risk profile for ESCOs (e.g. utility rate increases)
• More likely to lead to M&V disputes

•
•
•
•

Low rates due to income tax exemption for financier
Considered an operating rather than capital expense
No debt concerns, need for taxpayer/legislative approval
Allows deductions for depreciation & interest payments

• Only available to public organizations
• Prohibited in some jurisdictions
• May create balance sheet or debt concerns
• No transfer with property turnover

• Lowers rates and reduces transaction costs

• May delay projects to reach sizeable package
• Requires legislative approvals

• No long-term debt, balance sheet, collateral concerns
• Financing is linked to meter, not owner, and transfers with property
ownership or tenant turnover
• Streamlined collections and link to utility incentives
• No long term debt/balance sheet concerns
• Transfers with property ownership or tenant turnover
• Low rates due to low lender risk (senior lien position)
• Solves owner/tenant problem along with triple net lease
• Tax deduction benefit to borrower
• “Commoditization” leverages markets to scale capital inflow
• Low cost capital linked to full property
• Long contract terms allows deep energy savings and incorporation of
longer payback measures

• Difficult to include fuel savings from multiple utility providers (electricity,
natural gas)
• Requires regulatory approval & public benefit funding
• Outside traditional utility expertise and business model
• Immaturity: lack of awareness, experience, standards
• Requires enabling state legislation
• Requires significant municipality training & creation of program
administration infrastructure
• Political opposition from first mortgage holders

Performance Contracting
Green Lease Structures

•
•
•
•
•
•

• Immaturity and lack of current availability
• Narrow window of opportunity (resale, refinance)
• No transfer with property ownership
• Only covers measures “affixed to property”
Savings guarantees overcome skepticism amongst owners
Lowers rates due to reduced risk for both building owner and lenders
Focuses and streamlines process for developing, implementing, and verifying projects
Allows owners to pass through capital costs that result in lower total operating costs
Tenants billed for metered energy use/demand and thus motivated to save
Tenants both incur cost and reap the benefits of energy savings

www.esbsustainability.com

