
The Toledo Museum of Art 
Goes Green:  The Project Continues.

Presenter:  Suzanne Hargrove          March 17, 2011

Presenter
Presentation Notes
I’d like to begin by thanking Doris Hamburg and the staff at the National Archives and Records Administration for inviting me to this conference to discuss several energy saving projects at the Toledo Museum of Art.This presentation will review information presented to the American Institution for Conservation of Historic and Artistic Works 2009 annual conference.Here you see the museum’s 1912 beaux arts building  designed by Architects Edward B. Green and Harry W. Wachter that is the focus of this talk.



Practical Energy Savings

Energy efficient lights in galleries

Presenter
Presentation Notes
While I am going to discuss two innovative energy systems, namely microturbines and solar panels, you should know the museum started saving energy beginning as early as 1992 by installing very practical energy saving devices that significantly reduced our energy consumption.  The following examples show ways you can reduce energy costs in your own buildings by replacing lights.  Here you see two types of energy efficient lighting for galleries.  The left slide shows 3W LED nightlights  installed in gallery ceilings to avoid using regular gallery lighting  to monitor the collection after hours.  On the right energy efficient halogen lights were installed for exhibiting art.  



Practical Energy Savings
T-8 Fluorescents in non-art areas

NEW
T-8

OLD
T-12

T-8 with 
electronic 
ballast.

Presenter
Presentation Notes
Energy saving lights were installed in non-art areas. On the left you see a comparison between an old 40W  T-12 fluorescent light and a more energy efficient 32W T-8 light which is smaller yet has a higher light output and also has an electronic ballast which is more energy efficient, less of a fire hazard, and will not cause the lights to flicker when they are first turned on. I’d like to quickly run through some examples where the museum has recently updated its lighting systems.  Installing these systems is not difficult if you already have electrical maintenance people on staff.  It can be as simple as changing a light bulb!



Practical Energy Savings
T-8 Fluorescents in non-art areas

Entrance areas

Presenter
Presentation Notes
The museum has continued to upgrade lights in many areas throughout the building. Here a museum entryway has been relit with T-8 fluorescent tubes in the overhead light wells (see pointing hand).  The right slide shows a detail of the T-8 fluorescents installed in the light wells.



Practical Energy Savings
T-8 Fluorescents & LED’s in non-art areas

Café area

Presenter
Presentation Notes
This image of a museum café area shows the use of both the T-8 fluorescent lights  that replaced the old T-12’s in the ceiling coves combined with 10.5 watt LED lights that replaced 65W bulbs in the recessed cans. (See pointing hands)  In all the energy savings was 2000 watts less power.



Practical Energy Savings
Lights and fixtures

Presenter
Presentation Notes
Autosensing lights have been placed in bathrooms, corridors, copy rooms and other work areas so lights go on only when needed. The bathroom light is on a timed switch that automatically goes off after 40 minutes. Additionally the bathrooms have new energy efficient automatic hand dryers that are both fast and sanitary.  It cuts down on paper towels saving trees, energy, supply costs, and people power.  The copy machine room has a switch by the door that can be manually turned on or off as well as a timer so you can turn off the lights ahead of the timer.



Practical Energy Savings
Energy efficient LED lights

Presenter
Presentation Notes
This 2009 example shows low watt energy efficient LED lights with a long life installed in hard to access areas.  The stairwell lights on the left are 11W LED’s that replaced 75W incandescent lights. The exit sign leading to the historic Peristyle theatre used to be powered by two 25 watt incandescent bulbs now it has a 4W LED light.  You save not only on energy costs, but staff time changing bulbs.



Practical Energy Savings
T-8 fluorescents in Peristyle Lobby

Nightlight  T-8’s Event T-8’s

Presenter
Presentation Notes
A more unique application of T-8 fluorescent light fixtures occurred in the museum’s historic Peristyle  Theatre built in the 1930’s.  On the left slide you see the lobby area with its’  T-8 fluorescent nightlights and on the right the event lighting is on.  



Practical Energy Savings
New light system in the Peristyle Lobby

Presenter
Presentation Notes
I’m going to take you up into the lighting areas above the portico. (see pointing hand).  Here you see the ledge above portico where the  T-8 “nightlight” fluorescents have been installed.  Prior to this there were old fluorescent lights and earlier incandescent lamps.



Peristyle lobby, upper ledge

Old 1930’s lampsNew T-8 lamps

Presenter
Presentation Notes
This shows you the earlier lighting system that was used in on the ledge.  The lights were 200 W  fixtures in a row of 12.  This same area is now illuminated by seven- 32 W fluorescent lamps.  Let’s take a look at the lighting  on the upper ledge.  



Peristyle lobby, upper ledge

Presenter
Presentation Notes
The upper lighting area (see pointing hand) had a series of 50 W floodlights placed around the perimeter.  You can see these too were replaced with T-8 fluorescents.  Note the color difference in the T-8 lamps between top and bottom ledges.  For the bottom a warmer color temperature T-8 was used as opposed to the daylight color T-8 lamps in the upper ledge.  The T-8 fluorescents were able to provide the same degree of illumination with less energy, and a significant reduction in heat generated by old bulbs. It took two facilities workers two days to do this project.



Practical Energy Savings
Energy efficient LED lights for artworks!

Incandescent (before) LED (after)

Presenter
Presentation Notes
New lighting systems are continually being developed.  Last week we completed a conservation treatment of a glass chandelier including the rewiring and a new lighting system. The chandelier dates from around 1855 and was made by the English firm Perry and Company.  Originally it was candle lit without electricity.  Electric wiring had been added by the time the Toledo Museum of Art purchased it in 1998.   



Practical Energy Savings
Incandescent to LED lights

Old incandescent lights

Presenter
Presentation Notes
The old incandescent lights were problematic in that the custom designed candles could only accept expensive European bulbs that had to be specially ordered. 



Practical Energy Savings
Conversion to LED

Old 
incandescent
candle.

New LED 
candle.

Presenter
Presentation Notes
The new system changed the lighting from 25 Watt incandescent bulbs with a lifespan of 1,000 hours (about 5 months of museum operation) to 3 Watt LED bulbs with a lifespan of 20,000 hours (6 years museum operation) meaning the bulbs use less electricity and last 6 years as opposed to 5 months!  The initial purchase cost is higher but will  save money over time, and will require less maintenance so it is safer for the chandelier and people doing the maintenance. (Incandescent $4.34/bulb vs. LED $14.50/bulb). In the top images you see the old and new candle fixtures.  The existing plastic electric candles with European sockets were custom made to fit each of  the silver candle cups in the chandelier, because of this we wound up cannibalizing the old plastic candle sleeves to make replacement fittings for the US socket fittings to accept the LED lights.



Practical Energy Savings
LED Electric Candles that flicker.

Chandelier_Flicker.wmv

Chandelier_Flicker.wmv

Presenter
Presentation Notes
The interesting aspect of the LED candles is they flicker.  This has generated a considerable amount of public interest since they were installed.



Practical Energy Savings:
Energy efficient motors.

Presenter
Presentation Notes
Let’s move from lighting to other energy saving systems namely motors and VFD devices.  Here you see the air handling fan for the museum’s Peristyle theatre.  The 1930’s vintage motor was replaced with an energy efficient Baldor Super E high efficiency one. (see pointer hand in left slide indicating motor location).  



Practical Energy Savings

Variable 
Frequency 
Drives

Presenter
Presentation Notes
Variable frequency drives or VFD’s as they are called have been installed on mechanical system fans and pumps. (see pointer hand) These drives control fan and pump speeds to meet energy demands rather than running the machinery at top speed all the time. The drives can be controlled by computer, by carbon dioxide emissions (from visitors), or by hand.  As an example the motors automatically turn down to a slower speed when the museum is closed because there is not as much demand on the HVAC systems when there are no visitors. 



Microturbines 2004           Solar 2008

Presenter
Presentation Notes
So once practical energy saving devices like lights, motors and VFD’s were installed, the museum began looking at innovative systems that would reduce our dependence on fossil fuels and reduce our greenhouse gas emissions.  The first system was a series of four microturbines installed in the museums powerhouse in 2004.  The next was an array of solar panels installed on one section of the roof in 2008.  Let us consider each of these systems and their museum benefit.  I’ll first talk about the microturbines then the solar panels.



•Generate heat
•Hot water
•Electricity
•Very low 
pollutant 
emissions

Four Capstone Microturbines

Presenter
Presentation Notes
Microturbines are generators that run on natural gas or other fuel sources such as bio-gas, propane, diesel, kerosene, and methane.  The museum installed four microturbines. They were supplied by Capstone Turbine Corporation headquartered in Chatsworth, CA. (20 min from LA). They are roughly the size of a commercial refrigerator. Each one produces 65 kW of energy.Microturbines can be installed individually or in groups to meet the energy needs of a building ranging from small commercial buildings such as a McDonalds restaurant, to larger facilities such as buildings on a college campus or museum. 



Microturbine elements
•Fuel supply at back 
(natural gas)

•Air supply at front

•Microturbine engine

•Digital power 
controller

•Heat exchanger not 
shown.

Presenter
Presentation Notes
The microturbine units contain the following elements. They run on a fuel supply in our case natural gas.The have air intakes at the front.  The interior contains the microturbine (which is a mini-jet engine) that has a combustion chamber to burn an air fuel mix and a digital power controller which converts the DC power generated by the microturbine to AC power supplied to the building.There can also be an integrated heat exchanger at the top to recover waste heat generated by the microturbine itself (not shown in this image).



Inside a Capstone MicroTurbine

Presenter
Presentation Notes
Since you may not be familiar with microturbine technology, I’d like to show you a brief video from Capstone that shows the interior working of a microturbine part of the unit.NOTE:  Put your mouse cursor in the middle of the screen and double click to see the video-you will need sound on your computer to hear what is being said.



How microturbines work in the 
existing museum energy system.

Microturbines: 
•Generate electricity.
•Generate 180 degree 
hot water for museum 
space heating and 
domestic hot water.

Presenter
Presentation Notes
Here you see two of the museum’s four microturbines next to one of the conventional boilers in the museum’s powerhouse. The microturbines do the following:  They generate electricity and heat water. The electricity goes to the museums’ switchgear electric panels to provide electricity for the building. Waste heat generated by the microturbines heats water within the heat exchanger which is then sent to the museum’s control loops to supply heat, and domestic hot water to the main building. They are part of what is called a Combined Heat and Power system or CHP.  CHP systems are more energy efficient than traditional energy producing systems in that the microturbines recapture waste heat and reuse it. Conventional systems release the excess heat they generate to the atmosphere. Which is a waste of energy.The museum’s microturbines have an added Black Start, stand alone feature.  This means they are capable of running in the event of an electric power outage.  So if there is a regional power blackout, the microturbines; providing there is still natural gas, can generate a modest amount of electricity, heat and hot water to maintain critical museum functions such as security, emergency lighting, and sustain the museum environment.                                                                                                                                           



Microturbines supplement the 
museums energy needs.

•Cut annual 
electrical grid 
consumption by 
25%.

•Reduce 
greenhouse gas 
emissions.

Power  Company
75% Electricity

Micro-
Turbines
25%

Presenter
Presentation Notes
The museum still relies on the regional power company as its primary source for electricity.  The microturbines purpose is to offset fossil fuel based generation costs which they do by 25%, and they reduce greenhouse gas emissions.  



Microturbine advantages:

•Few moving parts (without oil lubricants)

•Burn a variety of fuels

•Durable and reliable (run 24/7)

•Immediate energy production 

•Require little maintenance

•Create large amounts of energy in a small 
amount of space.

Presenter
Presentation Notes
The advantages of the microturbines are that they have:Few moving parts and do not need oil as a lubricant.Burn a variety of fuelsDurable and reliable, they can be run 24/7.Produce energy immediately.Require little maintenanceCreate large amounts of energy in a small amount of space.



Advantages continued:

•Work alone or in groups for capacity and 
redundancy.

•Pollute less than conventional systems.

•Increased efficiency so they use less fuel.

•Can generate electricity if the power grid 
fails.

Presenter
Presentation Notes
They work alone or in groups.  If one needed scheduled maintenance or repair the others would keep working. (The units hook up in parallel).The pollute less than conventional  energy systems.They are more efficient so they use less fuel.They can generate electricity of the power grid fails. 260 kWh



Microturbine project installation costs:
•Microturbine project cost=$522,000

•Museum received $75,000 grant from Ohio 
Dept. of Energy Efficiency (OEE).

•The balance was financed by a low interest  
Energy Loan Fund (ELF) for implementing 
energy efficient technologies. 

•Loan payback in 4.5 years from 
microturbine energy savings.

Presenter
Presentation Notes
The museum’s microturbine project cost $522,000.Museum received a $75,000 grant from the Ohio Department of Development Office of Energy Efficiency (OEE).The balance cost of the project ($447,000) was financed by a low interest Energy Loan Fund (ELF) for implementing energy efficient technologies.The loan payback from energy savings generated by the microturbines was 4.5 years meaning they have already paid for themselves.



Solar Panel Project 2008
1,450 panels from First Solar, Inc.

Presenter
Presentation Notes
The other energy project initiated by the museum was the installation of an array of solar panels on the east roof of the building.The panels were manufactured by a local company First Solar Inc. of Perrysburg Ohio, and were installed by Advanced Distributed Generation LLC of ToledoNumbering 1,450 in total, they cover about 1/3 of the roof and are canted at a slight angle to shed water and capture sunlight during the middle part of the day when energy needs are high. Note:  Solar panels are typically installed at a higher angle but the museum panel angle was restricted due to our location in a historic district. 



Panel Installation

Presenter
Presentation Notes
The panels were mechanically attached to a series of plastic platforms (deck material) and ballasted with cement blocks to avoid mounts that penetrated (put attachment holes in) the roof.   Note:  The location of the panels necessitated replacement of the roof on this part of the building which was at the limit of its 30 year life-span. If you install solar panels you should make sure your roof does not need repair or replacement first. The panels are set in rows to form groups and are linked together with wires for form an array.  Ca. 3,000 wires connect the panels to three Junction boxes.The junction boxes in turn are connected to three inverters. The panels create energy in the form of DC (direct current) which feeds into the inverter box which coverts the power to AC (alternating current) which is then supplied to one of the museum’s electrical switchgear panel boxes. The AC current generated by the panels is used to supplement the museum's electrical needs. 



Solar Panel Project 2011
1,500 solar panels being installed.

Green begins 2011             Red existing 2008

Presenter
Presentation Notes
Beginning in January 2011 the museum began installing an additional 1,500 solar panels on an additional 1/3 of museum roof.  Here you see the 2008 installation in red.  The new 2011 installation sites are in green.  Again the solar panel manufacturer is First Solar Inc. in nearby Perrysburg Ohio, and the installer is Advanced Distributed Generation LLC of Toledo.  The new2011  installation is on a different roof element which is now being covered with extra roofing material which I’ll detail next.



Panels to be installed on the West 
side of the museum building.

Panels on raised platforms above clerestory windows.

Presenter
Presentation Notes
The panels will cover an additional 1/3 of the museum roof.  In this instance the panels will be installed on top of raised sections of clerestory windows. The panels have to be installed at a very low angle because of their higher elevation on the roof so as not to be visible from the street.  This is because the museum is located in a historic district.  Prior to installation the integrity of the roof was evaluated with regard to  longevity and leak issues. The roof was sound so an extra 1-3” of insulation (sheet foam) and covered with a white membrane (TPO-thermoplastic polyolefin) over old roof and panel mounts. The added insulation will also cut down on energy costs.  NOTE:  Prior to the installation of solar panels on a roof setting.  Make sure you evaluate the remaining life expectancy or needed roof repairs prior to installing the solar panels. 



Solar panels supplement the museums 
energy needs.

•2008 plus 2011 panels will cut annual 
electrical grid consumption by 20-24% and 
reduce greenhouse gas emissions.

Power Company 
electricity 76-80%

2008 & 2011
Solar electricity 
20-24%

Presenter
Presentation Notes
The museum still relies on the regional power company as its primary source for electricity.  The 2008 and 2011 combined solar panel installation  should reduce our dependence on fossil fuel plant energy by  20-24% during peak performance.



2011 Solar panel installation costs:
•Solar project cost $665,000.

•Museum received support  totaling $423,000  
from the Ohio Department of Development 
(ODD) and stimulus funding from the American 
Recovery and Reinvestment Act (ARRA).

•The museum is responsible for the remaining 
$242,000 .

•Payback in 20 years from solar panel energy 
savings.

Presenter
Presentation Notes
2011 PROJECT: 2008 PROJECT: The solar panel project cost $665,000.The museum received support totaling $423,000 from the Ohio Department of Development (ODD) and stimulus funding from the American Recovery and Reinvestment Act (ARRA) for solar projects.The museum is responsible for the remaining $242,000 balance.The loan payback from energy savings generated by the solar panels is 20 years.  Which is a long time, however the museum is taking the long term view toward protecting the environment for future generations.2008 PROJECT: The solar panel project cost $485,000.The museum received a grant of $147,500 from the Ohio Department of Development (ODOD).The balance was financed by another low interest Energy Loan Fund (ELF) for implementing energy efficient technologies.The loan payback from energy savings generated by the solar panels is 20 years.  Which is a long time, however the museum is taking the long term view toward protecting the environment for future generations.



Solar panel advantages:

•Do not require fossil fuels.
•Do not emit greenhouse gasses.

Presenter
Presentation Notes
The advantages of solar panels are:They do not require fossil fuels.They do not emit greenhouse gases.



Solar panel disadvantages:

•Less efficient on cloudy days
•Don’t work at night.

Presenter
Presentation Notes
Solar panel disadvantages are:They are less efficient on cloudy days.  Don’t work at night.



Result:  Energy Savings

Presenter
Presentation Notes
This chart shows the museums energy consumption in kilowatt hours/month for the years 1991-to the present day.The left side scale shows kilowatt hours.  The bottom scale shows months/years.I am using kilowatt hours to describe energy consumption as energy rates vary across the nation just as gasoline prices do.  For example rates for the NW Ohio region over the years can range from 8-11 cents per kilowatt hour.  1991 shows our kilowatt energy consumption was at a high of 700,000 kilowatt hours/month.1992-2003 show a decline in kilowatt hour consumption to an average of 350,000 simply by installing energy saving devices and practices (e.g. energy efficient lights, motors, etc). Showed the impact of the microturbines which further reduced our energy consumption from the average of 350,000 kilowatt hours/month to around 175,000 kWh/month.2008-11 On showed improvement with the addition of Solar power continued addition of energy efficient lights and VFD devices to an average of 100,000 KWh/month.  You can see how there has been an overall incremental decrease in energy usage as more energy efficient systems are added.



Results:  Practical devices, microturbines, 
solar=substantial energy savings.

Lights Motors VFD’s

Microturbines Solar

Presenter
Presentation Notes
The examples you’ve seen demonstrate how the introduction of energy saving devices (lights, motors, Variable Frequency Drives and implementation of energy saving protocols) considerably reduced our energy consumption.  The introduction of the microturbines and solar panels further reduced our energy demand and demonstrated the museum takes the long term view toward protecting the environment.  It shows we believe in:Reducing our carbon footprint in the environment.Reducing our dependence on fossil fuels.Reducing our energy consumption.Utilizing renewable energy resources.Supporting the local economy.Both the microturbine and solar panel projects continue to receive positive press and public attention which is an institutional source of pride and promotion.  As an example The Toledo Museum has been featured on the “Green Energy Ohio” solar tours.  www.greenenergyohio.org



What’s Next?  Investigate:

•More microturbines and heat recovery chillers 
for air conditioning.

•More energy efficient systems (lights, pumps, 
variable speed drives etc.)

•Wind turbines.

•Funding sources to continue supporting our 
energy savings mission.

Presenter
Presentation Notes
*The museum is currently looking into installing additional micorturbines in our glass pavilion which is a separate building on our museum campus.*More and new energy efficient systems especially lighting as technology advances are made.*The installation of heat recovery chillers (also called absorption chillers to use the surplus heat generated by the microturbines to cool the building in summer). Example:  YAZAKI Energy Systems.*The possibility of installing wind turbines.AND  The museum is continually looking for funding sources to continue supporting our energy savings mission.



What you can do:
1. Install energy efficient systems: Lights, 

motors, variable frequency drives, 
insulation, etc.

2. Investigate alternative energy systems such 
as microturbines, wind turbines and solar 
panels.

3. Look for funding opportunities (local, state, 
federal). 

Presenter
Presentation Notes
Make sure your institution has done what it can to install energy saving devices in your building.  That in itself will go a long way to reducing your energy bill.  Investigate alternative energy systems that are most suited to your area whether its solar power, microturbines, geothermal, wind turbines etc.Look for funding opportunities on the local, state and federal level.  Note: Companies may be willing to donate equipment or sell it at a reduced cost to promote their business.



Conservation advantages:
• Efficient lights:  Lower light exposure.  

Less equipment in galleries to change 
lights.

• Efficient HVAC: Better control of the 
environment.  Maintain environment in 
power outage.  Museum environment is 
relevant to grant application process.

• Saving energy=$$$. You will protect the 
collection, save jobs, money, generate 
positive press.

Presenter
Presentation Notes
So what does going green have to do with conservation?Energy efficient lights such as nightlights will decrease light exposure on your collection.  Staff will not have to change bulbs as frequently so there is less risk of damaging the collection (ladders, lamp trucks etc).Better environment controls result in more efficient management of the HVAC systems.  The equipment can better meet energy demands.  Microturbines can supply emergency power during power outages. Maintaining the museum environment can be cited as a relevant need in applying for energy saving grants.Saving energy saves money that can be spent on other museum projects including the prevention of job cutbacks or layoffs. Your museum director will love you.  The installation of new energy saving equipment can support local  and/or regional industries. You will generate positive feed back for your museum from staff and the public and generate national and international interest.



Thank you:
Toledo Museum of Art Staff: 

Paul Bernard, Brian Kennedy, Carolyn Putney,
D. Bacigalupi, C. Bintz, J. Boyer, T. Burke, R. Curry, J. 

DePriest, C. Fixler, T. Gaewsky, T. Gonzalez, J. Hayes, J. 
Lanham, T. Motz, K. Oberhaus, J. Page, C. Putney, G. 

Seeberger, W. Shelley, J. Shipman.

Companies:
Advance Distributed Generation LLC 

BHP Energy Solutions, Ltd LLC
Capstone Turbine Corporation

First Solar, LLC

Presenter
Presentation Notes
I would particularly like to thank Paul Bernard our museum Physical Plant Manager for helping me prepare this lecture as well as other members of our museum team and the businesses who made these projects and this talk possible.
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