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INTRODUCTION

In April 2004 Governor Rowland issued Executive Order #32.  This Executive Order required that the State of Connecticut, as part of its own consumption of energy resources, replace an increasing share of its electricity needs with energy derived from renewable energy resources.  Under Executive Order #32, a goal of 20% renewable by 2010 was promulgated.  A goal of this report is to present background information to State decision-makers on the various types of renewable resources available to the State as it strives to achieve this goal.  In addition, this report aims to lay out a plan for the State to follow so that the stated renewable goals can be achieved in a fiscally responsible manner and within the time frames expected.  While Governor Rowland’s Executive Order serves as the basis for this report, the goals of Governor Rell’s recently announced Connecticut’s Energy Vision have been incorporated as well.
RENEWABLE ENERGY TECHNOLOGIES
Renewable energy is from an energy resource that is replaced by a natural process at a rate that is equal to or faster than the rate at which that resource is being consumed.  Renewable energy can come from a variety of sources.  Renewable energy generally means solar, wind, water, wood or other biomass source of energy and geothermal energy.  In Connecticut, renewable energy is categorized into three classes, particularly when used in connection with the generation of electricity.
Class I renewable energy source - energy derived from solar power, wind power, a fuel cell, methane gas from landfills, or a biomass facility, including, but not limited to, a biomass gasification plant that utilizes land clearing debris, tree stumps or other biomass that regenerates or the use of which will not result in a depletion of resources, provided such facility begins operating on or after July 1, 1998, and such biomass is cultivated and harvested in a sustainable manner;
Class II renewable energy source - energy derived from a trash-to-energy facility, or a biomass facility that does not meet the criteria for a Class I renewable energy source or a hydropower facility, provided such facility has a license issued by the Federal Energy Regulatory Commission, has been exempted from such licensure is the subject of a license application or notice of intent to seek a license from said commission, has been found by the Commiissioner of Environmental Protection to be operating in compliance with the federal Clean Water Act, or has been found by the Canadian environmental assessment agency to be operating in compliance with said agency’s resource objectives;

Class III renewable energy source - the electricity output from combined heat and power systems with an operating efficiency level of no less than fifty per cent that are part of customer-side distributed resources developed at commercial and industrial facilities in this state on or after January 1, 2006, or the electricity savings created at commercial and industrial facilities in this state from conservation and load management programs begun on or after January 1, 2006.

While Governor Rowland’s Executive Order was limited to Class I renewable resources, Governor Rell’s Connecticut’s Energy Vision is more broadly written.  In addition to keeping the intent for development of Class I renewable, Governor Rell seeks a broader renewable mandate for the use of renewable energy in all consuming sectors (not just electricity).  To the extent that the State is also a significant consumer of transportation and other types of fuels, the incorporation or extension of a renewable goal to these efforts is in keeping with the Governor’s intent.

As noted earlier, renewable energy can come from many different sources and technologies.  The next section provides an overview of the various resources or technologies that best fit the goals of meeting a 20% renewable content to State government’s energy mix by 2020.

FUEL CELLS
A fuel cell is an electrochemical device that combines hydrogen and oxygen to produce electricity, with water and heat as its by-product.  As long as fuel is supplied, the fuel cell will continue to generate power.  Since the conversion of the fuel to energy takes place via an electrochemical process, not combustion, the process is clean, quiet and highly efficient – two to three times more efficient than fuel burning.
No other energy generation technology offers the combination of benefits that are provided by fuel cells.  In addition to low or zero emissions, benefits include high efficiency and reliability, multi-fuel capability, siting flexibility, durability, and ease of maintenance.  Fuel cell technology is also scalable and can be stacked until the desired power output is reached.  Since fuel cells operate silently, they reduce noise pollution as well as air pollution.  An important aspect of fuel cell technology is that the waste heat produced as part of the electricity generation process must be used to provide other energy needs in order to achieve high overall energy and economic efficiency.
PHOTOVOLTAICS
Many corporations and institutions are currently developing ways to increase the practicality of solar power. While private companies conduct much of the research and development on solar energy, colleges and universities also work on solar-powered devices. A significant issue with solar panels is cost. Increase demand for silicon, a key component of solar panels, is causing upward pressure on the the price for photovoltaic (PV) systems. This has spurred developers to start using other materials and thinner silicon to keep cost down. Due to economies of scale, solar panels get less costly as people use and buy more — as manufacturers increase production, the cost is expected to continue to drop in the years to come. As of early 2006 average cost per installed watt has decreased to about $4.50. (The average consumption of a U.S. home is about 1000 watts.)
Solar energy systems that are integrated or tied to the utility distribution system represent a large growth area.  With incentives from state governments, power companies and the federal government, growth is expected to climb.  Net metering programs are one type of incentive driving growth in solar panel use.  Net metering allows electricity customers to get credit for any extra power they produce and send back into the grid.  This would cause role reversal, as the utility company would be the buyer, and the solar panel owner would be the seller of electricity.  Net metering is available in Connecticut, although under current law its applicability is limited.  Governor Rell’s Connecticut’s Energy Vision seeks to broaden the applicability of net metering to a larger customer base, including the potential applicability to State buildings and facilities.
PASSIVE SOLAR DESIGN

A "passive" solar design provides cooling and heating to keep a building comfortable without the use of mechanical equipment. This style of construction results in buildings that respond to the changing environment.

For passive heating and cooling to be effective, the plan of the building, careful site selection and planning, construction materials, building features and other aspects are designed to collect, store and distribute the sun's heat in winter; and to block the sun's rays in summer. Passive solar buildings can be built in any architectural style and in any part of the country.
Passive solar design is likely to be a requirement of all future State buildings as it is an essential component of the high-efficiency standards and regulations currently being developed.

SOLAR THERMAL

Solar thermal systems utilize the power of the sun to generate heat, rather than electrical power.  Solar thermal systems are very popular and cost-effective systems that operate under principles that are easily understood.  In essence a solar thermal system uses the power of the sun to heat water for a variety of uses.  The most common applications are solar water pre-heating and solar radiant floor heating.
GEOTHERMAL ENERGY
Geothermal energy is heat (thermal) derived from the earth (geo). It is the thermal energy contained in the rock and fluid (that fills the fractures and pores within the rock) in the earth's crust.
Geothermal energy can be classified as low temperature (less than 90°C or 194°F), moderate temperature (90°C - 150°C or 194 - 302°F), and high temperature (greater than 150°C or 302°F). The uses to which these resources are applied are also influenced by temperature. The highest temperature resources are generally used only for electric power generation. Current U.S. geothermal electric power generation totals approximately 2200 MW or about the same as four large nuclear power plants. Uses for low and moderate temperature resources can be divided into two categories: direct use and ground-source heat pumps.

Direct use, as the name implies, involves using the heat in the water directly (without a heat pump or power plant) for such things as heating of buildings, industrial processes, greenhouses, aquaculture (growing of fish) and resorts. Direct use projects generally use resource temperatures between 38°C (100°F) to 149°C (300°F).
Ground-source heat pumps use the earth or groundwater as a heat source in winter and a heat sink in summer. Using resource temperatures of 4°C (40°F) to 38°C (100°F), the heat pump, a device which moves heat from one place to another, transfers heat from the soil to the house in winter and from the house to the soil in summer.

Geothermal energy resources in Connecticut generally have a low temperature and are suitable only for geothermal heat pumps.
HYDROPOWER
Hydropower converts the natural flow of water into electricity to light our homes and power our industries. The energy is produced by the fall of water turning the blades of a turbine. The turbine is connected to a generator that converts the energy into electricity. 

The amount of electricity a hydropower installation can produce depends on the quantity of water passing through a turbine (the volume of water flow) or on the height from which the water falls (the amount of head). The greater the flow and the head, the more electricity produced. 

Some hydropower facilities include dams to increase the head of a waterfall or to control the flow of water, and reservoirs to store the water for future energy use (storage dam), while others produce electricity by immediately using a river's water flow (run-of-river). Some hydropower plants also use pumped storage systems, which store the water for reuse in the production of electricity during periods of high demand.

Hydropower is unique among energy sources for its operational flexibility. If there is an increased electricity demand, a hydropower plant can respond almost immediately by releasing more water. On the other hand, when the demand is low, a hydropower plant can reserve the water for future requirements. Hydropower can also supplement other forms of renewable energy such as wind or solar power.
WIND ENERGY
Wind energy uses the energy in the wind for practical purposes like generating electricity, charging batteries, pumping water, or grinding grain.  Wind turbines convert the kinetic energy of the wind into other forms of energy.  Large, modern wind turbines operate together in wind farms to produce electricity for utilities.  Small turbines are used by homeowners and remote villages to help meet energy needs.
BIOFUELS
Unlike other renewable energy sources, a variety of plant material can be converted directly into liquid fuels, called "biofuels," to help meet transportation fuel and other energy needs. Governor Rells’s Connecticut’s Energy Vision calls for a significant investment in the development and production of biofuels in Connecticut and its use as an energy resource in the State. Biofuels can be made from recycled cooking greases and oils, or directly from plant materials with high oil content, such as rapeseed or soy.  Research is also being done on the feasibility of deriving biofuels from algae.  Biodiesel usually refers to biofuels used either exclusively or as an additive to petroleum-based fuels, particularly in transporation fuels.. The same fuel when used as an alterantive for or an additive to home heating oil is called bioheat.  The use of both types of biofuels has tremendous potential in Connecticut.  

ETHANOL
Ethanol is an alcohol made by fermenting any biomass material high in carbohydrates through a process similar to beer brewing. Today, ethanol is made from starches and sugars, but technology is being developed to allow it to be made from cellulose and hemicellulose materials, the fibrous material that makes up the bulk of most plant matter. Ethanol is mostly used as a fuel additive for vehicles to increase octane and cut down carbon monoxide and other smog-causing emissions. 
Ethanol is a clean burning high octane fuel.  Because it is domestically produced, ethanol can help reduce America’s dependence upon foreign sources of energy.  While ethanol is being promoted on the national levels, the Department of Environmental Protection has expressed some concerns about its long-term use in Connecticut.

HYBRID CARS
Basically, a hybrid vehicle combines an internal combustion engine and a motor powered by batteries, merging the best features of today's combustion engine cars and electric vehicles. The combination allows the electric motor and batteries to help the conventional engine operate more efficiently, cutting down on fuel use and helping with emissions. Meanwhile, the gasoline-fueled combustion engine overcomes the limited driving range of an electric vehicle. In the end, this hybridization gives you the ability to drive 500 miles or more using less fuel and never having to plug in for recharging. Gasoline-fueled hybrid electric vehicles are among a select few vehicle technologies that can provide dramatically increased fuel economy and extremely low levels of smog-forming and cancer causing emissions, while delivering the safety and performance the public has come to expect. Much of the success in achieving these goals however depends on how well automakers apply the technology.  Some hybrids can achieve up to twice the fuel economy of a conventional car and produce 30 to 50 percent fewer greenhouse gas emissions. While more and more automobile companies are offering hybrid vehicles, not all automobiles with the hybrid label actually achieve better mileage.
NATURAL GAS VEHICLES
Natural gas is best known as the fuel that heats our homes, cooks our food, and in some cases, produces our electricity. Natural gas is also successfully being used today in cars, trucks, and buses as a cleaner fuel alternative to diesel and gasoline. Compared to conventional diesel and gasoline, natural gas results in less tailpipe pollution and reduces oil dependence.

Fleet vehicles in areas with air quality concerns offer the most promise for natural gas vehicle technology. The benefits of natural gas vehicles (NGVs) are most pronounced in congested urban areas that have air quality concerns, and federal, state and local organizations have recognized the potential benefits of NGVs in these areas. 

A number of factors make fleet vehicles — buses, taxis, delivery vehicles — the prime target for natural gas. Because natural gas generally costs less than gasoline, these high-mileage vehicles can realize large savings in fuel costs. Also, fleet vehicles tend to be centrally located. Thus, fleets can locate near refueling stations, or they can install their own facility.
PLAN FOR MOVING FORWARD
Governor Rell, in her Connecticut’s Energy Vision, has set a goal of 20% of all energy used in the state will come from clean and renewable resources by 2020.  State government plays an important part in achieving this ambitious target.  The Governor has recognized that state government is a significant consumer of energy and has a responsibility to provide leadership in the use of renewable energy resources.  Connecticut’s Energy Vision includes a similar target of increasing the use of renewable energy resources within state government to 20% by 2020.  In order to achieve this goal, a consistent and comprehensive approach to developing and implementing renewable energy projects at state facilities will be necessary.

A basic outline for such a comprehensive approach should include the following key steps:

1. Conduct an inventory of existing renewable usage in state government

2. Establish interim targets to be achieved and identify the financial resources needed to achieve these targets

3. Identify and evaluate potential projects

4. Implement specific renewable projects or initiatives

Step 1:  Inventory of existing renewable technology usage

As with any goal, knowing where you are starting at is important in determining where you end up.  It is known that renewable energy technologies are currently being used by state agencies.  What is unknown is the extent to which these technologies have been implemented and what contribution they make to the overall state’s energy supply picture.  Without knowing where we are starting at, it is nearly impossible to tell how far we may need to go in order to achieve the Governor’s 20% goal.

The first step in this implementation plan will be to conduct a comprehensive inventory of the renewable energy resources that are currently being used in state buildings and in meeting its transportation fuel needs.  This inventory will identify the specific technologies in place and the amount of energy they are contributing to the facility of agency’s total energy consumption.

Step 2:  Set interim targets

Once the inventory has been completed, interim targets can be set that will achieve the 20% goal by 2020.  Part of this analysis will be to determine what mix of resources we potentially will want to use and estimate any cost impacts, both capital and operating costs.  It will also be important to identify the share of the 20% goal that will be allocated to energy associated with state buildings and the share to be targeted for transportation energy uses.

Step 3:  Identify and evaluate projects

Not all renewable energy technologies are suitable for all potential uses.  Specific projects that meet the established targets will need to be identified.  At this point, all viable options will be evaluated in order to determine the most cost effective options available for project development.  There are possibilities where the capital costs associated with a renewable project may be significantly reduced, by leveraging the State’s capital dollars with funding available from other sources.  There will be a need for technical consultants to assist the OPM staff and the agency staff with project identification and evaluation.

Step 4:  Implementation of specific projects

Once specific projects have been identified, including all funding opportunities, projects can move to the implementation stage.  The bulk of the work at this point would shift to the host agency and/or DPW for project construction and completion.  OPM would retain general oversight responsibilities to ensure that the project implementation proceeds on schedule and that the energy policy goals are maintained throughout the process.  Post-installation evaluation will be a requirement of all renewable energy projects undertaken.  This will ensure that performance criteria are in fact met by the project.

It is expected that Steps 3 and 4 would be repeated as necessary until such time that the Governor’s goals have been achieved.  It is also anticipated that Steps 1 and 2 can be undertaken, and perhaps accomplished, during the remainder of this fiscal year given the resources currently available to the Energy Policy Unit.

Immediate Action Steps

While it is recommended that the above general process be established, there are some immediate actions that could be undertaken to assist in achieving the Governor’s policy objectives.  Some of these actions will require little capital funding, although there would likely be an operating budget impact.

A. Clean Energy Option

In an effort to further general renewable policy goals, the DPUC has authorized a “clean energy option” to the standard offer service available to electric consumers.  Under the Clean Energy Option, a customer can purchase 50% or 100% of their electric requirements from renewable resources simply by enrolling in the program.  Customers are charged a premium on their electric bill for this service.  Since the State is an electric consumer, this option is available to us as well.  OPM has already established this option within state agencies.  At the present time, both DEP and DPUC facilities are participating in the Clean Energy Option.  It is recommended that we increase participation in this program by enrolling “high profile” state buildings, such as the State Capitol, Legislative Office Building, and others in the program.

B. Electric Generation Procurement

OPM has responsibility for operating a “state purchasing pool” for the electric requirements of state operations.  As a result of the recent increases in price for generation services under the utility’s standard service, there is an opportunity for the state to achieve cost savings by securing a third-party electric generation provider.  The Energy Policy Unit anticipates beginning the Request for Proposal (RFP) process this fiscal year.  As part of this process, we may require that a certain percentage of our electric generation purchase be from renewable energy resources.
C. Bioheat/Biodiesel Mandate

The state is a significant user of petroleum products, both in terms of heating oil and diesel fuel.  As part of the upcoming procurement process for heating oil for state facilities, a requirement that a certain percentage be comprised of biofuels could be established.  Similarly, the current initiative undertaken by DOT in their use of biodiesel as a fuel for their vehicles could be expanded relatively quickly.

It is recommended that OPM move ahead with implementing the strategies outlined above, both in terms of establishing a more comprehensive plan for achieving the Governor’s renewable energy goals, and in terms of providing immediate actions that can demonstrate the viability and ease with which renewable energy can be incorporated into a diverse energy supply portfolio.

