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Why such a presentation?

• To determine Hawaii’s energy efficiency

• To show the importance of energy efficiency through 
building-retrofitting

• To emphasize that energy efficiency is a great renewable 
energy resource
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EIA Forecast for World Energy Resource 
and Usage

IEA, World Energy Outlook 2007 http://www.iea.org

Energy experts state that reserves are 
40 years for petroleum, 60 years for 
natural gas and 250 years for coal.

Million Metric Ton of CO2
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Overview of Energy Resource and Usage 
Projection Worldwide

Source: EU Report - World Energy Technology Outlook 2050
Primary energy production and consumption will increase about 50 % by 
2030 (IEA, World Energy Outlook 2007).
12.09 Gtoe = 480 Quadrillion BTU
Gtoe – giga tons of oil equivalent - 109 toe
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Energy Consumption by End-use-Sector 
in Hawaii
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Energy Sources in Electricity Production 
in Hawaii
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American Physical 
Association

Report: Efficiency is the 
most inexpensive renewable 
energy

Efficiency is low hanging 
Fruit! 

Is Hawaii picking up 
the low hanging fruit?
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Overview of Energy Usage 
in Building Sector

� Commercial buildings and housing in the U.S. account for over 65% of total U.S. 
electricity consumption, over 39% of total primary energy use (EIA 2006).

� Main electricity consumption: HVAC, lighting, computers, household appliances, 
other miscellaneous equipment.  

� HVAC alone accounts for about 40% -50% electricity usage of a commercial 
building.

� Power usage is often inefficient, mainly due to:
� Poor Building Envelope Design

� Oversized HVAC Equipment

� Over lighting
� Inefficient HVAC and Lighting Controls

� Maintenance Related Issues

� REDUCED ENERGY RESOURCES, CO2 EMISSION, CLIMATE CONCERNS
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Renewable Energy Sources 
and Usage Category

� Solar Energy
� Solar Water 

Heating, 
� PV

� Biomass Energy
� Municipal Solid 

Waste, 
� Landfill Gas, 
� Wood Waste

� Biodiesel 
� Ethanol
� Wind Energy
� Geothermal Energy

� Heat Pumps, 
� Power Plants

� Hydro Power
� Wave Energy

Renewable energy accounts for 
18% of world energy
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Examples of Energy Conservation Through 
Retrofitting in Hawaii

Case Study 1:  Integrating Energy Management Systems in Hotel Rooms

The Hotel: Located in Waikiki
Has about 2200 guestrooms, a number of 
restaurants, meeting rooms, and retail stores.  

Served by two 1400-ton capacity chillers 

A number of air handling units having varying
fan motor sizes from 5 HP to 25 HP served the 
restaurants, meeting rooms & common areas

The retrofitted project consisted of installing energy management systems in 
the hotel rooms and integrating Variable Frequency Drives (VFDs) on the 
air handling units.
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Comparison of Energy Usage before and 
after Retrofit
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Pre-retrofit electricity demand:  539 kW 
Post-retrofit electricity demand: 388 KW  

Retrofit Savings: 151 kW

Cost of Savings:
For 24 hours per day continuous air conditioning 1,323,000 kWh per year
or $ 264,550 per year with $0.20 per kWh 

Pay Back Time:
The installation cost: $ 500 per room, or $ 1,125,000 total.  
The payback period: 4.3 years

Alternative: PV System
Had the hotel chosen photovoltaic (PV), it would require about 725 kW capacity 
system.
With a $10 per Watt installation cost, a 725 kW PV system would cost about 
$7,250,000

The US government provides 30% and the State of Hawaii’s 35% provides tax credit 
up to $500,000 for PV installations; then, the actual cost would be about $ 
4,575,000.
The pay-back time: 17.3 years Required PV Installation roof area: 725,000 square!
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Case Study 2: Replacement of Existing Cooling 
Towers in a Hotel

� Hotel building has 
520 guest rooms 

� Served with three 
500-ton capacity 
chillers and with three 
500 ton cooling 
towers 
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Power usage comparison
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Pre-retrofit electricity demand: 44 kW
Post-retrofit electricity demand: 17 kW

Net Retrofit savings: 27 kW
Yearly savings: 236,500 kWh
Or $ 47,300 per year

The installation cost for the two new cooling towers is  $ 340,000 total

The pay-back period: 7.2 years

Payback period:  9.6 years

Alternative: PV System
Had the hotel chosen photovoltaic (PV), it would require about 130 kW capacity 
system.

130 kW PV system would cost $ 455,000 after Federal and State Tax incentives

A 130 kW PV system would need about 130,000 square of area
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Case Study 3: Supermarket Air Cooled 
Condensing Unit (ACCU) Retrofits

Included replacement of existing 
three Air Cooled Condensing Units 
(ACCU’s) with two new ACCU units 
at a supermarket 

ACCUs served as outdoor heat 
release units for the supermarket 
refrigeration cases. 

One of the existing small ACCUs
was maintained. 
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Power consumption
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Comparison of energy savings

Pre-retrofit power demand:152 kW
Post-retrofit power demand: 96 kW

Retrofit savings: 56 kW
or 490,500 kWh per year
or $ 98,000 per year

The installation cost for the two new ACCUs was $ 420,000.

The payback period: 4.3 years.

Alternative: PV Systems 
269 kW PV system would bet $ 1,383,000 after tax incentives.  
Pay-back period:  14 years, 
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Case Study 4: Manufacturing Facility Lighting 
Retrofits 

Project included removal of existing 316 metal halide lighting fixtures and 
installation of 299 of 4L-T5HO new lighting fixtures with new ballasts
at a manufacturing facility in Honolulu, Hawaii.  

Each of the new 4L-T5HO fixtures had four lamps.  
Whereas, existing metal halide fixtures had single lamp.  

Majority of the manufacturing facility had lighting on 24 hours Monday through Friday. 
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Metal halide lamps were rated at 400 Watt each 
and the new 4L-T5HO lamps were rated at 54 Watt each.  

Additional 58 Watt electricity was used per existing metal halide fixture ballast, 
whereas 18 Watt electricity was used per new 4L-T5HO fixture ballast.

No monitoring took place for this retrofit project 

Pre-retrofit power demand for lighting: 145 kW 
Post-retrofit power demand period: 70 kW

Retrofit savings: 75 kWh power savings.
514,800 kWh per year.
or $103,000 year.

The installation cost for the new lighting system was about $90,000,

Pay-back period: One year.
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Had the manufacturing facility preferred to install PV,
they had to install 360 kW PV system, 

and pay about $2,020,000 after 30% US federal 35% state tax 
incentives (or max $500,000).  

The recovery period for this investment would be about 20 years.

Retrofit vs. PV Systems
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Case Study 5: 13,000 sq.ft. Downtown Office 
Building 

•HVAC Retrofits

•Lighting Retrofits

•Low Flow Plumbing 
Fixtures

•PV Installation

•Replace Old Rooftop AC with New Energy Efficient AC and VFD Fan
•Replace old T-12 and Incandescent lighting fixtures with new T8 and CFL
•Dual flush toilets, flow restriction on lavatories

•12.5 kW capacity PV Installed on the Roof



SAME, Honolulu HI May 12, 2009

HVAC Power Consumption Before and After 
Retrofit

Post Retrofit Data
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HVAC Power Consumption Before and After 
Retrofit

•New HVAC Equipment 
Installed April 08 

•Lighting Retrofit Started 
October 08, Finished (Almost) 
May 09

•Low Flow Plumbing Fixtures 
Installed September 08

•PV Installed December 08

2007 Average Monthly Electricity Use: 17,280 kWh/month
2008 Average Monthly Electricity Use: 13,080 kWh/month
2009 Year to Date Average Monthly Electricity Use: 9,880 kWh/month
12.5 kW PV system Average Monthly Power Generated 1,440 kWh/month

Office Building Monthly Energy Use
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Comparison of energy savings and cost of retrofitting and 
installing PV systems

20<12,020,00090,000517570145Case Study 4

144.32,690,000420,000375696152Case Study 3

9.67.21,300,000340,00061271744Case Study 2

17.34.37,250,0001,125,00028151388539Case Study 1

Payback 
period after 
deducting 
Federal and 
State 
incentives 
(yrs)

Payback 
period for 
Retrofitting
(Yrs)

PV Cost 
without 
Federal and 
State 
incentives 
($)

Retrofit 
Cost ($)

Energy 
Saving (%)

Power 
Demand 
Savings 
(kW)

Power 
Demand 
After 
Retrofit 
(kW)

Power 
Demand 
Before 
Retrofit 
(kW)

*Calculations are based on a $10 per Watt installation cost of PV and $0.20 per kWh of electricity, 
which are the average costs in Honolulu, Hawaii since 2006.

Case Study 5      560                 350                  210  43                     260,000              90,000             14*  
ROI Includes Building Equipment Retrofit Only, PV is by PPI  (Power  Purchase Agreement)
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Conclusions
� Renewable energy sources already make up about 10% of electricity 

production of Hawaii’s need.

� Hawaii is not energy efficient despite improvements in technology.

� Although the effort put in developing new energy sources is 
recognized, it is not an instant remedy to reduce demand on fossil 
fuels in the near future.

� Energy conservation and energy efficiency are keys to reduce 
environmental impact of energy generation and sustainability.

� Energy conservation improvements can reduce emission of air 
pollutants and greenhouse gasses from extraction, processing and
use of fossil fuels, decrease the need to build dams for hydropower, 
reduce the need for nuclear power plants


