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Technology: Ground Source Heat Pumps (GSHP)

Features:   The general concept of ground source heat pumps is simple: rather than generate heat why not transfer it from another source?  The typical GSHP system, or GeoExchange – a popular industry term, is a long continuous loop of special plastic tubing buried well below the frost line.  An antifreeze solution is pumped continuously through the tubing transferring warmth (heat energy) from the ground.  This heat energy is collected in a heat exchanger unit within the building’s HVAC system and used to pre-heat air in the cycle.  This pre-heated air requires less energy to be warmed to thermally comfortable levels.  By consuming less energy and decreasing wear on the heating system, consistent savings are realized.

In summer the same looped cycle continues but the heat exchange happens in reverse; heat from the building is deposited into the heat exchanger through the HVAC system.  The antifreeze solution absorbs the heat and distributes it into the ground in a continuous cycle.  Again, this process reduces energy loads on cooling systems, and helps moderate thermal fluctuations throughout summer days.

While the concept for ground source heat pumps is over a century old, the technology continues to become more refined in terms of reliability, standardization, and efficiency.  Because sub-ground temperatures fluctuate very moderately on an annual scale, GSHP systems can be predictably engineered to very precise levels of operational efficiency. 

Ground source heat pumps can be small in scale (single pumps for typical residential applications), or quite large (multiple and/or staged pumps for commercial use).  The only requirement is to have access to enough ground (or water) mass to cause sufficient heat gradient exchange in the cycling process to be productive.  The most cost-effective systems are installed during initial site construction, where access to ground mass is not hindered by building structure.  

Economics: The typical residential ground source heat pump system costs between $2500 per ton of heating/cooling capacity.  Most homes require between 2.5-4.5 tons of capacity, depending on size and location of home. The payback period depends on unit size, the amount of operation, and the local price for energy. It is common to payback the added cost of a ground source heat pump system within a few years, and the total cost between 10-14 years. 

Case Studies: Feather River College in Quincy, California recently  installed a GSHP system with a $518,000 price tag.  Their annual energy savings is over $50,000.  In five years the additional cost over a conventional system will be fully paid back in savings.  In ten years, the system should be fully paid off, saving the community college as much as $190,000 per year in 1999 dollars.  The Esperanza del Sol (Hope of the Sun) affordable housing development in east Dallas, Texas is the first housing project in the United States to meet the standards of the Energy Efficiency Institute  E Seal certified utility program.  In conjunction with other renewable energy strategies ground source heat pump technology supplements hot water and air conditioning for six family houses.  The total cost to power the houses is approximately $300 per year.

Resources:  Sources dealing with ground source heat pumps are plentiful and often linked to other alternative energy saving strategies:

Web Sites:

	Federal Energy Management Program
	http://www.eren.doe.gov/femp/prodtech/pumps_federal_facilities.html

	Description of Ground Source Types For Heat Pumps
	http://www.geothermie.de/oberflaechennahe/description_of_ground_source_typ.htm

	Department of Energy – Office of Building Technology, State and Community Programs – Choosing  A Heat Pump (including ground source)
	http://www.eren.doe.gov/buildings/heatcool_choosepump.html

	International Energy Association Heat Pump Centre – Heat Sources
	http://www.heatpumpcentre.org/tutorial/heat_src.htm

	U.S. Environmental Protection Agency – “Geothermal Heat Pumps”
	http://www.groundloop.com/

	OIKOS – Green Building News Archives
	http://www.oikos.com/news/index.html


Environmental Building News 
122 Birge Street Suite 30 
Brattleboro, VT 05301

Organizations:

International Ground Source Heat Pump Association
490 Cordell South
Stillwater, OK 74078-8018


Geothermal Heat Pump Consortium, Inc.

701 Pennsylvania Avenue N.W.

Third Floor

Washington, DC 20004-2696

Geothermal Energy Association (GEA)
209 Pennsylvania Avenue SE 

Washington, DC 20003

Geothermal Resources Council (GRC)
P.O. Box 1350 - 2001 Second Street., Suite 5 
Davis, CA 95617-1350

Technology: Fuel Cells 

Features:  Recent advances in fuel cell technology offer great promise toward achieving sustainable energy production.  While the fuel cell was invented over 160 years ago, today’s versions are radically changing the automotive transportation, and how industrial power is produced.  A fuel cell works like a battery, except that rather than storing electricity, a fuel cell creates electricity directly (without combustion) as long as it receives fuel.  Because no heat energy is lost in an intermediate internal combustion step, most fuel cells are approximately 50% more efficient, and have little emissions.  They also create little heat, and are noiseless.

Fuel cells are used in various applications where power is needed.  In order to create sources sufficient to drive machinery, fuel cells are clustered in stacks that provide standard units of power.  In the case of automobiles, this electrical power must be converted into motive power via a drive train. This system component is currently a large part of the research and development in fuel cell technology.

There are many variations of fuel cells in development today.  Most of these differ in types of fuel or in the nature of the catalytic membrane used.  Those that use fuels such as methanol or even gasoline require an extractor to remove hydrogen – the “fuel” used to create electricity.  The most promising are those that use pure hydrogen as a fuel source, as they have no emissions except water, and require no extraction processor.  

Economics: While fuel cells have been used in space program applications for decades, commercial applications in the automotive industry are not expected until 2005. There are, however, several recent examples of fuel cell use in commercial building.  Forward-thinking municipalities are investigating the impacts of new types of fuel delivery and mass transit applications of this new technology.  To bridge the gap between concept and economic reality, the size of fuel cell stacks and drive trains need  to be decreased,  manufacturing costs must come down, and widespread infrastructure must be ensured to support viability.  

Because there are few commercial applications to date to study on the viability of fuel cell technology, realized implications are still unknown.  It is obvious that the potential for energy savings is great.  Decreased reliance on fossil fuel extraction and the reduction of emissions should significantly save money by cost-avoidance of related detrimental environmental and health risk liabilities.

Case Studies:  California’s Zero Emission Vehicle Act (which mandates 10% of all new vehicles sold in the state by 2003 be completely emission-free), has provided the needed incentive to dissolve the business-as-usual mentality in American automotive manufacturing.  California’s Fuel Cell Partnership has brought together automobile manufacturers and multi-level government agencies, along with various energy and environmental groups to foster a fast-paced collaboration with targeted goals.  Already there are several fuel cell-powered buses running in California in pilot programs, and many automobile manufacturers are competitively touting their fuel cell prototypes. 

The largest commercial application to date of grid-connected fuel cells was recently installed in the U.S. Postal Service Mail Processing Center in Anchorage, Alaska.  This system produces 1 megawatt of power and is independent of the utility grid supply.

Resources:  Fuel cell resources are somewhat sparse in printed form, but are frequently sited in journals and related trade or consumer-interest organizations:

Web Sites:

	California Fuel Cell Partnership
	http://www.fuelcellpartnership.org/

	Fuel Cell World
	http://fuelcellworld.org/fuelcellorg/framesets/frame_index.htm

	Fuel Cell Online
	http://www.fuelcellonline.com/

	Fuel Cells 2000
	http://www.fuelcells.org/

	The California Hydrogen Business Council
	http://www.ch2bc.org/bulletin/bulletin20010708.htm

	EPRI – Office of Advanced Automotive Technologies
	http://www.cartech.doe.gov/research/fuelcells/index.html


Literature:

Fuel Cell Handbook by A.J Appleby and  F.R. Foulkes, Van Norstand Reinhold, New York, NY 1989.

Powering the Future: The Ballard Fuel Cell and the Race to Change the World by T. Koppel, John Wiley & Sons, New York, NY 1999.

Organizations:

U. S. Fuel Cell Council

1625 K Street NW, Suite 725

Washington, DC 20006

Electric Power Research Institute

3412 Hillview Avenue

Palo Alto, California 94304 

United States Department of Energy

National Energy Technology Laboratory

626 Cochrans Mill Road
P.O. Box 10940
Pittsburgh, PA
15236-0940 

Environmental and Energy Study Institute

122 C Street NW

Washington, DC 20001

Alternative Fuel Vehicle Group
215 Park Avenue South, Suite 1301

New York, NY 10003

Technology: Building Integrated Photovoltaics (BIPV)

Features:  Building integrated photovoltaic panel systems deliver renewable energy to the consumer with great advantage: PV panels produce no emissions, are fueled at no cost by the sun, have no moving parts, and are made primarily from silicon, a common substance.  A typical systems produces12 volt direct current (DC) electricity, which is inverted into 120 volt alternate current (AC) power.  Most systems include a battery system to store this power during non-solar hours.  Many states, including California, allow systems to be connected to the utility grid to sell excess electricity to the utility, a process known as “net metering”.

Unlike conventional standalone photovoltaic arrays, BIPV’s are either attached to a building as banks of panel arrays (normally mounted to a roof top) or incorporated into a building as architectural elements such as awnings, roof shingles, panels, etc,.  While the latter application is usually more expensive than mounted arrays, their dual use can help offset total building costs, provide needed shade, and consolidate land use. 

Because BIPV’s produce power at the source of consumption - each house or building is its’ own power plant - dependence on utility grid distribution is decreased.  This network of micro power producers moderate demand for grid-source power, especially during peaks hours, thereby reducing brownouts.  As little as 200 square feet of PV panels will supply the 800-2000 kilowatt hours per month used by the average household.  

California is well suited for photovoltaic energy, with an Average Annual Solar Radiation Index of 2.6-3.0 megawatt hours/sq. meter.  Domestic production of photovoltaic technology has increased annually for the past five years by an average of 22%, much of it in California.  Diverse events such as the widespread brownouts in the spring of 2001 and the State’s Public Interest Energy Research (PIER) program have created a heightened awareness of the need for a multiplicity of energy sources, preferably renewable.  BIPVs will continue to play an increasing role towards achieving this goal.

Economics:  Current PV technology approaches 2-2.5 times the generation cost of most utility grid suppliers.  However, this cost ratio continues to decrease as newer panel technology becomes more efficient, and as increased manufacturing volume reduces consumer capital investment.  Most current photovoltaic customers realize a full payback within 8-12 years.  Most PV systems are warranted to last 20 years.  Because of this, BIPV technology is most appropriate for residential and commercial consumers who are comfortable with long term returns on their investment.  Nominal maintenance and monitoring is required to operate a typical small scale PV system.

Case Studies: Several examples are found throughout California where BIPV technology is used successfully.  The Solar Living Center in Hopland, California is a retail store that sells environmentally-based goods and serves as an educational facility for sustainably-built environments.  Photovoltaics are just one of several renewable energies employed to operate their facility.  An innovative partnering application has been realized by the Sacramento Municipal Utility District’s PV Pioneer program, where residential customers are able to purchase reduced-cost roof top BIPV systems from SMUD.  In exchange, the home owners agree to have their system hooked up to the SMUD utility grid and to sell back excess electricity.

Resources:  The following resources are helpful in understanding current application of Building Integrated Photovoltaics:

Web Sites:

	The Solar Living Center
	http://www.solarliving.org/overview.cfm

	SMUD PV Pioneer Program
	http://www.smud.org/pv/pv_pioneer1.html

	California Energy Commission Consumer Energy Center
	http://www.consumerenergycenter.org/buydown/index.html

	United States Department of Energy Office of Energy Efficiency and Renewable Energy:
	http://www.eren.doe.gov/

	Inside BIPV
	http://www.pvpower.com/bipv.html

	Center for Renewable and Sustainable Technology (CREST)
	http://www.crest.org/


Literature:

NREL, Photovoltaics in the Built Environment: A design guide for architects and engineers, DOE/GO-10097-436. NREL, Golden, Colorado, 1997.

SOLAR TODAY 
301 Oxford Valley Road, Suite 1301 
Yardley, PA 19067 
Phone: 215-321-9662 x25 
Fax: 215-321-9636

Organizations:

American Solar Energy Society  
2400 Central Avenue, Ste. G-1 
Boulder, CO 80301 

Center for Renewable Energy and Sustainable Technology  (CREST)
1612 K Street, NW
Suite 202
Washington, DC 20006

University of California Energy Institute 
2539 Channing Way 
Berkeley, CA 94720-5180

Solar Electric Power Association
1800 M Street, N.W., Suite 300
Washington, DC 20036-5802

Technology: Micro turbines 

Features:  A technology that has been used world wide for centuries, wind-powered turbines (“windmills”) are finding renewed use throughout the United States.  Of particular interest to many consumers are micro turbines – small, inexpensive windmills  most often installed in residential applications.  Recent advances in materials and design have led to systems that maximize efficiency and durability while decreasing both noise and cost.  Annual sales of micro turbines are growing at an approximate rate of 60% in the United States.  

Like photovoltaic systems, micro turbines generate electricity only during times of “fueling” – in this case, when there is a sustained wind. Unlike their bigger counterparts, micro turbines work best in wind velocities found closer to the ground, about 8 miles per hour.  Micro turbines require mounting on a tower between 20-30 feet in height, and are most effective when used with a battery system to store energy for use during periods of low wind exposure. 

Micro turbines are small-scale renewable energy suppliers, and as such are usually not  intended to be sole power providers to a home or business.  Like many other renewable energy generators they are a significant means to offsetting complete reliance on large- scale utility grid power.  Their use often complements other renewable energy strategies very well, especially photovoltaic panels.  Combining PV panels with micro turbines greatly insures reliable energy as wind exposure is greatest during seasonal periods of overcast weather, when photovoltaic cells are less efficient. 

Economics: Micro turbines must be used with discretion, as some sites simply don’t have enough wind exposure to be economically feasible. It is usually advisable to perform a one-year wind survey on a site before making the decision whether to install a micro turbine.  Most  manufacturers sell or rent anemometers to document annual wind exposure.  This cost can often be subtracted from the purchase of a system.  Municipal ordinances concerning noise and height restrictions for on-site structures should also be investigated.

Wind power is the lowest cost source of renewable energy.  While turbine systems big enough to power the average home can be expensive – often $30,000 or more – they can take as little as 8 years to pay back.   However, prior to installing a micro turbine, the local utility charge for kilowatt hours must be compared to the realistic generation of kilowatt hours by the system. The size (and therefore cost) of the system must fit the consumers goals for decreasing reliance on utility source power and cost savings.

Since micro turbines have moving parts, they should be inspected on a regular basis.  Most systems are warranted to last five years before required maintenance.

Case Studies:  Pennsylvania has recently mandated that public utilities improve their power buy-back (net metering) standards.  While over a dozen small wind turbines provide 100 kilowatts of power, the state government is fostering potential power generation by the placement of smaller micro turbines throughout the state.

On a larger scale over 4900 wind turbines at the Kern Wind Energy Association in Tehachapi, California generate as much energy as the rest of the United States –combined.

Resources:  Wind energy use is very documented and resources are abundant. 

Web Sites:

	National Wind Technology Center
	http://www.nrel.gov/wind/smalltur.html

	Wind Energy Resource Atlas of the United States
	http://rredc.nrel.gov/wind/pubs/atlas/atlas_index.html

	Federal Energy Management Agency “Wind Turbines”
	http://www.energy.wsu.edu/cfdocs/tg/38.htm

	American Wind Energy Association “Small Wind Systems”
	http://www.awea.org/smallwind.html

	U.S. Department of Energy

“Wind Energy for Homeowners”
	http://www.eren.doe.gov/wind/homeowner.html

	Illustrated History of Wind Power Development
	http://telosnet.com/wind/index.html


Literature:

Wind Energy Basics by Paul Gipe.  Chelsea Green Publishing Co. 

White Plain Junction, VT. 1999.

Reaping the Wind by Peter Asmus.  Island Press.  Washington DC, 2000 
Home Power Magazine 
PO Box 520 
Ashland, OR 97520
800-707-6585

Wind Power Monthly

PMB #217, P.O Box 496007

Redding, CA  96049-6007

Organizations:

American Wind Energy Association

122 C Street, NW, Suite 380

Washington, DC  20001

National Renewable Energy Laboratory

1617 Cole Boulevard

Golden, Colorado  80401-3393

National Wind Coordinating Committee

1255 23rd Street NW, Suite 275

Washington, DC 20037


California Energy Commission

1516 Ninth Street, MS-29
Sacramento, CA 95814-551










� This manual is being developed as part of a ten-point plan to implement the Governor's sustainable building goal as outlined in Executive Order D-16-00 and the report Building Better Buildings: A Blueprint for Sustainable State Facilities (Blueprint). Task 7 of the Blueprint calls for developing sustainable building technical assistance and outreach tools, including a training program for state departments, as well as local government and private sector partners. This manual was developed by DGS, the Sustainable building task force, and CIWMB as one component of the sustainable building training program for state departments. This document will be undergoing constant revision as other deliverables outlined in the Blueprint are completed and technological and process breakthroughs advance the rapidly emerging field of sustainable design.
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