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8.10.2 Business Models Examples

By "business model" here we mean a description of the partners, main transactions, sources of
value, and incentives of a business. A business model also includes at least a simple estimation
of profitability of the business. Business model does not concern itself with how to deal with
competition (this is more a topic for business strategy).

Three business models have been selected for development in view of valuing the benefits of
DER in the system and of optimizing this value: DER is installed locally where they have the
most relevance, but are operated globally to optimize their value. They will rely on the
aggregation of DR and DG as key sources of value creation. The business models differ in terms
of actors (customers and the aggregator) as well as DER technology.

Table 38: Business Models

Business Aggregator Customers DER technology
model
1 electricity supplier medium commercial flexible demand, wind
and industrial

Source: IEA

In the first business model, the idea consists in an electricity supplier using flexible demand
from medium-sized industrial and commercial customers to balance wind power generation
and integrate both in electricity markets. The business model contains several sources of value.
They involve aggregating small load reductions, and selling them to the spot market when spot
price of electricity is high, to reduce imbalance (originating for example from wind power
generation) when they can be seen to provide power at a cheaper price than would be the
imbalance price for power deficit, or (for certain types of flexible loads) to increase load when
better price can be obtained by selling power surplus to flexible customer than would be the
imbalance price for power surplus, and selling them to the balancing mechanism to help TSO
keep system balance, and providing ancillary services such as short-term operating reserve.

779 B Emergence of Integrated Demand Side Management, Distributed Generation, Renewable
Energy Sources, and Energy Storage



U.S Clean Energy Sector Opportunities

The aggregator in this case is the supplier itself. The regulatory requirement for the business
model to be feasible is that the load reductions are summed into the supplier's imbalance
account (in UK there are two balance accounts, consumption and generation, and load
reductions as well as wind power generation are summed in the former). In the second
business model an electricity and gas supplier aggregates flexible micro-CHP units owned by
residential customers. The flexibility (ability to quickly react to the need of power) is realized
through a decoupling of heat and electricity generation using heat storage capacities inherent
in the buildings. A single micro-CHP unit cannot participate in electricity markets on its own,
because its size is normally much lower than the required capacity to participate in the market.
Moreover, the schedule of micro-CHP's should be optimized to get better price for the
electricity. To reduce such overhead costs, aggregation is necessary.

The customer can benefit by reducing his energy supply costs. The source of the saving is that
the aggregator shares his benefits, which he gets from customer flexibility, with the customer.
Another source of saving is the higher energy efficiency of CHP compared to separate
production of heat and electricity, as well as possible government subsidies. The third business
model involves an Energy Service Company (ESCO), which installs CHP units at commercial
customers such as hospitals and universities. The customers can exploit the heat (or cold if
absorption chiller is included) and ESCO can exploit the electricity in the same way as in
business model 1, although this of course depends on the regulations of the country in
guestion. It is also possible to use the DG units to relieve distribution network congestion. In
order to increase CHP flexibility, the ESCO can install a boiler and a heat storage tank for each
customer (in addition to the CHP unit). In this model ESCO, which acts as aggregator, owns the
CHP unit.
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9. Role of the Distributed Energy Technologies Laboratory in
the Industry

The Distributed Energy Technologies Laboratory (DETL) at Sandia National Laboratories
conducts research to integrate emerging energy technologies into new and existing electricity
infrastructures and accommodate the nation’s increasing demands for clean, secure, and
reliable energy. Sandia’s research spans generation, storage, and load management at the
component and systems levels and examines advanced materials, controls, and
communications to achieve the Lab’s vision of a reliable, low-carbon electric infrastructure.
DETL research is conducted on behalf of the U.S. Department of Energy, the U.S. Department of
Defense, and other customers, often in collaboration with industry and academic partners.

The DETL’s reconfigurable infrastructure simulates a variety of real-world scenarios, such as
island and campus grids, including military installations; remote operations, such as forward
operating bases; and scaled portions of utility feeders and the transmission infrastructure. DETL
researchers analyze the effects of high penetration of renewable technologies and distributed
energy on the grid and resolve issues related to grid interconnectivity, controls, security, safety,
performance, reliability and interoperability.

Leveraging Sandia’s long history of expertise in fundamental sciences and applications, DETL
offers a broad and unique range of R&D capabilities. DETL engineers conduct advanced R&D in
areas such as high-penetration photovoltaic (PV) integration, component and system
performance and reliability evaluations, model development and validation, cyber-security
technology integration, microgrid communications, enhanced efficiency, load control, and
specialized tests such as intentional islanding and surge tolerance. Working with industrial and
academic partners, DETL engineers also participate in the generation of industry guidelines,
protocols, electric codes, and national and international standards for component and system
operations.

The DETL is located at the Sandia campus in Albuquerque, New Mexico. Generation sources
include 130kW of multiple grid-connected PV arrays, a 30kW microturbine, a 75kW diesel
genset, fuel cells, and additional interchangeable generators. Storage capabilities include a
500kWh lead-acid battery bank, along with several additional batteries of smaller size. Over
350kW of programmable resistive loads are combined with programmable inductive,
capacitive, and motor loads. This equipment is available for use on both a three-phase 480V
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microgrid and a 240/120V single-phase microgrid to test various arrangements of distribution
grid models and interoperability scenarios.

DETL also offers the ability to conduct tests on numerous utility-scale devices, including utility
and surge simulators, high-power waveform analyzers, and other related test equipment. This
equipment is used to assess compliance with UL, IEC, and other standards, as well as to identify
gaps that provide the basis for new standards.

DETL maintains an extensive LabVIEW-based data collection system, with modeling and analysis
conducted in a variety of software environments. Communications are supported via an
Ethernet-based infrastructure, with wireless and other means, such as power line carrier, also
supported.
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10. Industry Outlook

Distributed power generation undergoing significant change as disparate pools of capacity give
way to the establishment of integrated local generation. While distributed generation can
reduce network losses and improve network stability, there are still a number of barriers
including network connection costs, the operation of net metering and in some cases the
application of market liberalization. Resolution of these issues and efficiency gains in
conventional, advanced fuel cell and renewable technologies will eventually lead to easier and
faster integration of distributed generation and significant growth in distributed generating
capacity.

Almost all distributed power generation technologies can provide better performance than U.S.
fossil fuels. Distributed generation technologies (apart from diesel engines) also outperform the
average emissions from U.S. power generation.

The total distributed generation market in the U.S. between 2010 and 2020 is likely to be
35,000MW. While much of this capacity will be based on gas turbines fuel cells could capture
almost 20% of capacity.
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Section 10: Analysis of Combined Heat and
Power/Cogeneration in the U.S.
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1. CHP/Cogeneration Sector in the United States

1.1 What is CHP?

Cogeneration (also combined heat and power, CHP) is the use of a heat engine or a power
station to simultaneously generate both electricity and useful heat.

Conventional power plants emit the heat created as a by-product of electricity generation into
the environment through cooling towers, flue gas, or by other means. CHP or a bottoming cycle
captures the by-product heat for domestic or industrial heating purposes, either very close to
the plant, or - especially in Scandinavia and Eastern Europe - as hot water for district heating
with temperatures ranging from approximately 80 to 130 °C. This is also called decentralized
energy.

In the United States, Con Edison distributes 30 billion pounds of 350 °F/180 °C steam each year
through its seven cogeneration plants to 100,000 buildings in Manhattan - the biggest steam
district in the world. The peak delivery is 10 million pounds per hour (corresponding to approx.
2.5 GW). This steam distribution system is the reason for the steaming manholes often seen in
"gritty" New York based movies.

By-product heat at moderate temperatures (212-356°F/100-180°C) can also be used in
absorption chillers for cooling. A plant producing electricity, heat and cold is sometimes called
trigeneration or more generally: polygeneration plant.

Cogeneration is a thermodynamically efficient use of fuel. In separate production of electricity
some energy must be rejected as waste heat, but in cogeneration this thermal energy is put to
good use.

Thermal power plants (including those that use fissile elements or burn coal, petroleum, or
natural gas), and heat engines in general, do not convert all of their thermal energy into
electricity. In most heat engines, a bit more than half is lost as excess heat. By capturing the
excess heat, CHP uses heat that would be wasted in a conventional power plant, potentially
reaching an efficiency of up to 89%, compared with 55% for the best conventional plants. This
means that less fuel needs to be consumed to produce the same amount of useful energy.
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Some tri-cycle plants have utilized a combined cycle in which several thermodynamic cycles
produced electricity, and then a heating system was used as a condenser of the power plant's
bottoming cycle. For example, the RU-25 MHD generator in Moscow heated a boiler for a
conventional steam power plant, whose condensate was then used for space heat. A more
modern system might use a gas turbine powered by natural gas, whose exhaust powers a
steam plant, whose condensate provides heat. Tri-cycle plants can have thermal efficiencies
above 80%.

An exact match between the heat and electricity needs rarely exists. A CHP plant can either
meet the need for heat (heat driven operation) or be run as a power plant with some use of its
waste heat.

CHP is most efficient when the heat can be used on site or very close to it. Overall efficiency is
reduced when the heat must be transported over longer distances. This requires heavily
insulated pipes, which are expensive and inefficient; whereas electricity can be transmitted
along a comparatively simple wire, and over much longer distances for the same energy loss.

A car engine becomes a CHP plant in winter, when the reject heat is useful for warming the
interior of the vehicle. This example illustrates the point that deployment of CHP depends on
heat uses in the vicinity of the heat engine.

Cogeneration plants are commonly found in district heating systems of cities, hospitals, prisons,
oil refineries, paper mills, wastewater treatment plants, thermal enhanced oil recovery wells
and industrial plants with large heating needs.

Thermally enhanced oil recovery (TEOR) plants often produce a substantial amount of excess
electricity. After generating electricity, these plants pump leftover steam into heavy oil wells so
that the oil will flow more easily, increasing production. TEOR cogeneration plants in Kern
County, California produce so much electricity that it cannot all be used locally and is
transmitted to Los Angeles.

CHP is one of the most cost efficient methods of reducing carbon emissions of heating in cold
climates.
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1.2 History of CHP in the U.S.

Europe has actively incorporated cogeneration into its energy policy. In September 2008 at a
hearing of the European Parliament’s Urban Lodgment Intergroup, Energy Commissioner Andris
Piebalgs is quoted as saying, “security of supply really starts with energy efficiency.” Energy
efficiency and cogeneration are recognized in the opening paragraphs of the European Union’s
Cogeneration Directive 2004/08/EC. This directive intends to support cogeneration and
establish a method for calculating cogeneration abilities per country. The development of
cogeneration has been very uneven over the years and has been dominated throughout the last
decades by national circumstances.

As a whole, the European Union currently generates 11% of its electricity using cogeneration,
saving Europe an estimated 35Mtoe per annum a day. However, there is large difference
between Member States with variations of the energy savings between 2% and 60%. Europe
has the three countries with the world’s most intensive cogeneration economies: Denmark, the
Netherlands and Finland.

Other European countries are also making great efforts to increase their efficiency. Germany
reported that at present, over 50% of the country’s total electricity demand could be provided
through cogeneration. So far Germany has set the target to double its electricity cogeneration
from 12.5% of the country’s electricity to 25% of the country’s electricity by 2020 and has
passed supporting legislation accordingly in “Federal Ministry of Economics and Technology,
(BMWi), Germany, August 2007. The UK is also actively supporting combined heat and power.
In light of UK’s goal to achieve a 60% reduction in carbon dioxide emissions by 2050, the
government has set the target to source at least 15% of its government electricity use from CHP
by 2010. Other UK measures to encourage CHP growth are financial incentives, grant support, a
greater regulatory framework, and government leadership and partnership.

According to the IEA 2008 modeling of cogeneration expansion for the G8 countries, expansion
of cogeneration in France, Germany, Italy and the UK alone would effectively double the
existing primary fuel savings by 2030. This would increase Europe’s savings from today’s155.69
Twh to 465 Twh in 2030. It would also result in a 16% to 29% increase in each country’s total
cogenerated electricity by 2030.

Governments are being assisted in their CHP endeavors by organizations like COGEN Europe
who serve as an information hub for the most recent updates within Europe’s energy policy.
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COGEN is Europe’s umbrella organization representing the interests of the cogeneration
industry, users of the technology and promoting its benefits in the EU and the wider Europe.
The association is backed by the key players in the industry including gas and electricity
companies, ESCOs, equipment suppliers, consultancies, national promotion organizations,
financial and other service companies.

Perhaps the first modern use of energy recycling was done by Thomas Edison. His 1882 Pearl
Street Station, the world’s first commercial power plant, was a combined heat and power plant,
producing both electricity and thermal energy while using waste heat to warm neighboring
buildings. Recycling allowed Edison’s plant to achieve approximately 50% efficiency.

By the early 1900s, regulations emerged to promote rural electrification through the
construction of centralized plants managed by regional utilities. These regulations not only
promoted electrification throughout the countryside, but they also discouraged decentralized
power generation, such as cogeneration. They even went so far as to make it illegal for non-
utilities to sell power.

By 1978, Congress recognized that efficiency at central power plants had stagnated and sought
to encourage improved efficiency with the Public Utility Regulatory Policies Act (PURPA), which
encouraged utilities to buy power from other energy producers.

Cogeneration plants proliferated, soon producing about 8% of all energy in the U.S. However,
the bill left implementation and enforcement up to individual states, resulting in little or
nothing being done in many parts of the country.

In 2008 Tom Casten, chairman of the company Recycled Energy Development, said that "We
think we could make about 19 to 20% of U.S. electricity with heat that is currently thrown away
by industry."

Outside the U.S., energy recycling is more common. Denmark is probably the most active
energy recycler, obtaining about 55% of its energy from cogeneration and waste heat recovery.
Other large countries, including Germany, Russia, and India, also obtain a much higher share of
their energy from decentralized sources.
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1.3 Types of Cogeneration Plants in Use in the U.S.

Topping cycle plants primarily produce electricity from a steam turbine. The exhausted steam is
then condensed, and the low temperature heat released from this condensation is utilized for
e.g. district heating or water desalination.

Bottoming cycle plants produce high temperature heat for industrial processes, then a waste
heat recovery boiler feeds an electrical plant. Bottoming cycle plants are only used when the
industrial process requires very high temperatures, such as furnaces for glass and metal
manufacturing, so they are less common.

Large cogeneration systems provide heating water and power for an industrial site or an entire
town. Common CHP plant types are:

Gas turbine CHP plants using the waste heat in the flue gas of gas turbines;

e Gas engine CHP plants (in the U.S. "gaseous fuelled") use a reciprocating gas engine
which is generally more competitive than a gas turbine up to about 5 MW;

e Combined cycle power plants adapted for CHP;

e Steam turbine CHP plants that use the heating system as the steam condenser for the
steam turbine;

e Molten-carbonate fuel cells have a hot exhaust, very suitable for heating.
Smaller cogeneration units may use a reciprocating engine or Stirling engine. The heat is
removed from the exhaust and the radiator. These systems are popular in small sizes because

small gas and diesel engines are less expensive than small gas- or oil-fired steam-electric plants.

Some cogeneration plants are fired by biomass, or industrial and municipal waste.
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1.3.1 Micro CHP

"Micro cogeneration" is a so called distributed energy resource (DER). The installation is usually
less than 5 kWe in a house or small business. Instead of burning fuel to merely heat space or
water, some of the energy is converted to electricity in addition to heat. This electricity can be
used within the home or business or, if permitted by the grid management, sold back into the
electric power grid. In a comparison by Claverton Energy Research Group, it was found that in
the UK case where heat would otherwise be produced by burning fossil fuels in a boiler, micro
cogeneration is a more cost effective means of reducing CO2 emissions than photovoltaics.

1.3.2 Mini CHP

"Mini cogeneration" is a so called distributed energy resource (DER). The installation is usually
more than 5 kWe and less than 500 kWe in a building or medium sized business.

Current Micro- and MiniCHP installations use five different technologies: microturbines,
internal combustion engines, Stirling engines, closed cycle steam engines and fuel cells. One
author indicates that microchp based on Stirling engines is the most cost effective of the so
called microgeneration technologies in abating carbon emissions; however, advances in
reciprocation engine technology are adding efficiency to CHP plant, particularly in the biogas
field. MiniCHP has a large role to play in the field of CO2 reduction from buildings where more
than 14% of emissions can be saved by 2010 using CHP in buildings.

1.4 CHP Technologies in the U.S.

Combustion turbines (simple cycle and combined cycle), reciprocating engines, and steam
turbines are the primary technologies used to generate electricity for CHP systems. Fuel cells
and microturbines are also suited for CHP, but can be expensive options. If a facility is already
producing steam from a boiler, it may be a candidate for a type of steam turbine called a back
pressure turbine.

Many industrial facilities generate steam at high pressures and during the industrial process will
drop the pressure through pressure reducing valves. In these applications, a back pressure
steam turbine is a relatively inexpensive way of utilizing the pressure drop to generate
electricity onsite. Installed costs can be as low as $S600 per kilowatt of capacity for the addition
of a turbine to an existing boiler system.
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Heat-recovery systems are also essential components of CHP systems, so that the waste heat
can be recycled for use in industrial processes or in space conditioning the facilities. Absorption
chillers can convert hot water or steam into chilled water for air conditioning. A desiccant
dehumidifier can be utilized to remove moisture from the air which in turn can reduce air
conditioning loads and provide better indoor air quality. In a CHP system, the recovered heat
can be utilized to regenerate the desiccant material in the dehumidifier.

1.5 Applications of CHP
The scale of CHP unit depends on its application. The range of applications includes:

e District Heating and Cooling — DHC systems can use CHP to supply heat or cooling to a
network of pipes that carry heat or chilled water to buildings in towns and campus
settings;

e Industrial — CHP up to 500 MWe or more in size supply heat and steam to industrial
processes, including oil refining, pulp & paper & other manufacturing processes;

e Commercial — Medium-scale systems may serve a small business, school, hospital, or
university campus;

e Domestic — emerging kW-scale micro-CHP technologies can replace a boiler in individual
households.

1.6 What Does a CHP System Produce?

CHP is unique among electricity-producing technologies and methods because it generates
more than one output. For most industrial applications, the thermal energy produced by the
systems is the most valued output; electricity is considered a secondary, yet beneficial, by-
product. CHP systems can provide the following products:

e Electricity

e Direct mechanical drive
e Steam or hot water

e Process heating

e Cooling and refrigeration
e Dehumidification
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Figure 105: Existing CHP Capacity by Application
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2. Analysis of CHP Systems in Use in the U.S.

2.1 Overview

CHP systems are complex, integrated systems that consist of various components ranging from
prime mover (heat engine), generator, and heat recovery, to electrical interconnection. CHP
systems typically are identified by their prime movers or technology types, which include
reciprocating engines, combustion or gas turbines, steam turbines, microturbines, and fuel
cells. These prime movers are capable of consuming a variety of fuels, including natural gas,
coal, oil, and alternative fuels, to produce shaft power or mechanical energy. Although
mechanical energy from the prime mover is most often used to drive a generator to produce
electricity, it can also be used to drive rotating equipment such as compressors, pumps, and
fans. Thermal energy from the system can be used in direct process applications or indirectly to
produce steam, hot water, hot air for drying, refrigeration, or chilled water for process cooling.

Reciprocating engines are by far the most numerous, but still not a majority, of the CHP prime
movers. They are particularly well suited to small and medium applications, as they are cost-
effective, readily available, fuel-flexible, and can achieve very high overall efficiencies. By
capacity, combined cycle plants comprise just over half the CHP market. These plants typically
are very large and serve industrial and utility customers.
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Figure 106: CHP Sites by System Type
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Figure 107: CHP Capacity by System Type
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2.2 Steam Turbines

Steam turbines generate electricity from the heat (steam) produced in a boiler, converting
steam energy into shaft power. Steam turbines are one of the most versatile and oldest prime
mover technologies used to drive a generator or mechanical machinery. The energy produced
in the boiler is transferred to the turbine through high-pressure steam that in turn powers the
turbine and generator. This separation of functions enables steam turbines to operate with a
variety of fuels, including natural gas, solid waste, coal, wood, wood waste, and agricultural by-
products. The capacity of commercially available steam turbines ranges from 50 kW to more
than 250 MW. Ideal applications of steam turbine-based CHP systems include medium- and
large-scale industrial or institutional facilities with high thermal loads, and where solid or waste
fuels are readily available for boiler use.

2.3 Reciprocating Engines

Reciprocating internal combustion engines are the most widespread technology for power
generation, commonly for small, portable generators to large industrial engines that power
generators of several megawatts. Spark ignition engines for power generation generally use
natural gas, though they can be set up to run on propane or landfill and biogas, and are
available in sizes up to 5 MW. Reciprocating engines start quickly, follow load well, have good
part-load efficiencies, and generally are highly reliable. In many instances, multiple
reciprocating engine units can enhance plant capacity and availability. Reciprocating engines
are well suited for applications that require hot water or low-pressure steam.

2.4 Gas Turbines

Combustion or gas turbines are an established power generation technology available in sizes
from several hundred kW to more than 100 MW. Gas turbines produce high-quality heat that
can be used to generate steam for onsite use or for additional power generation (combined
cycle). Gas turbines can be set up to burn natural gas, a variety of petroleum fuels, landfill or
biogas, or can have dual-fuel capability. Gas turbines are well suited for CHP because their high-
temperature exhaust can be used to generate process steam at conditions as high as 1,200
pounds per square inch gauge (psig) and 900 degrees Fahrenheit (2F). Much of the current U.S.
gas turbine-based CHP capacity consists of large combined-cycle CHP systems that maximize
power production for sale to the grid while supplying steam to large industrial or commercial
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users. Simple-cycle CHP applications are common in smaller installations, typically less than 40
MW.

2.5 Microturbines

Microturbines are very small combustion turbines with outputs of 30 kW to 300 kW.
Microturbine technology has evolved from the technology used in automotive and truck
turbochargers and auxiliary power units for airplanes and tanks. Microturbines are compact and
lightweight, with few moving parts. Many designs are air-cooled and some even use air
bearings, thereby eliminating the cooling water and lube oil systems. In CHP operation, a heat
exchanger transfers thermal energy from the hot exhaust to a hot water or low-pressure steam
system. Exhaust heat can be used for a number of different applications, including potable
water heating, absorption chillers and desiccant dehumidification equipment, space heating,
process heating, and other building uses.

2.6 Fuel Cells

Fuel cells use an electrochemical or battery-like process to convert the chemical energy of
hydrogen into water and electricity. In CHP applications, heat is generally recovered in the form
of hot water or low-pressure steam (<30 psig), and the quality of heat depends on the type of
fuel cell and its operating temperature. Fuel cells use hydrogen, which can be obtained from
natural gas, coal gas, methanol, and other hydrocarbon fuels. Fuel cells promise higher
efficiency than generation technologies based on heat engine prime movers. In addition, fuel
cells are inherently quiet and extremely clean running. Like microturbines, fuel cells require
power electronics to convert the direct current to 60-Hertz alternating current. Many fuel cell
technologies are modular and capable of application in small commercial markets; other
technology utilizes high temperatures in larger systems suited to industrial CHP applications.
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3. CHP Market in the U.S.

3.1 Market Overview

Decentralized CHP systems located at industrial sites and urban centers were the foundation of
the early electric power industry in the United States. However, as power generation
technologies advanced, the power industry began to build larger central station facilities to take
advantage of increasing economies of scale. CHP became a limited practice among a handful of
industries (paper, chemicals, refining, and steel) that had high and relatively constant steam
and electric demands and access to low-cost fuels.

By the 1960s, the U.S. electricity market was dominated by mature, regulated electric utilities
using large, power-only central station generating plants. As a result of this competitive
position, utilities had little incentive to encourage customer-sited generation, including CHP.
Regulatory barriers at the state and federal levels further discouraged broad CHP development.

Currently, approximately 56,000 megawatts (MW) of CHP electric generation (7% of U.S.
electricity generation capacity) is in operation in the United States, up from less than 10,000
MW in 1980. CHP is widely used in the chemical, petroleum refining, and paper industries. In
recent years, smaller CHP systems have begun to make inroads in the food, pharmaceutical,
and light manufacturing industries, as well as in commercial buildings and on university
campuses.

3.2 Regulatory and Market Challenges Facing CHP

Although technologies used in CHP systems have improved in recent years and CHP has become
cost-effective in many applications, significant hurdles exist that limit widespread uses of CHP.

The effect of these hurdles is to constrain use of CHP systems, meaning that less-efficient
separate systems continue to predominate. The main hurdles to CHP are:

e No national standards exist for the interconnection of distributed generation
technologies such as CHP to the electric utility grid, and as a result some utilities impose
onerous and costly studies, and require the installation of unnecessarily expensive
equipment to discourage CHP;
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e Many utilities currently charge discriminatory backup rates and prohibitive “exit fees” to
customers that build CHP facilities;

e Depreciation schedules for CHP investments vary from 5 to 39 years depending on
system ownership, and frequently don’t reflect the true economic lives of the
equipment;

e Current air quality regulations do not recognize the overall energy efficiency of CHP or
credit the emissions avoided from displaced grid electricity generation;

e Many facility managers are unaware of technology developments that have expanded
the potential for cost-effective CHP.

3.3 CHP and District Energy

CHP is actually a range of technologies that simultaneously produce electricity and useful
thermal or mechanical energy from a single energy source. Typically, a CHP system first uses a
gas turbine or reciprocating engine generator set to generate electricity. The thermal energy
generated by the turbine or engine is recovered and recycled as usable steam or hot water.
Since CHP systems are based on capturing and recycling this otherwise wasted thermal energy,
a CHP system must be located at or near the facility or buildings that will be utilizing both the
electricity and heat generated by the CHP system.

A district energy system traditionally refers to centrally producing heat and/or cooling for
multiple customers in a concentrated area, such as a city center, a university campus, or a
hospital complex. Normally, a district energy system is a prime candidate for adding CHP. When
CHP is incorporated into an industrial, commercial, institutional, or district energy application,
system efficiencies as high as 80% can be realized, compared to typical coal power-plant
efficiencies of about 30%. These increased efficiencies can provide energy cost savings and
lower emissions, while providing higher reliability of electric service.
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Figure 108: Efficiency Advantage in a CHP System
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3.4 CHP and District Heating

District heating does not necessarily have to produce both heat and power, but often this is the
case. It is also not limited to just downtowns, but can also include “campus heating” of
educational and other multiple-building facilities. St. Johns University near St. Cloud has a CHP
campus heating system that uses a coal and waste wood fired steam unit. The Mayo Clinic in
Rochester is also supplied by a CHP system.

Waste heat from local processing facilities also presents an opportunity for community-wide
heating and cooling systems. This would both promote private-public cooperation and decrease
the energy usage of the entire community.

The West Central Research and Outreach Center and the University of Minnesota Morris are
working with DENCO, a farmer-owned ethanol plant, to utilize the waste steam heat that
DENCO would generate. The University of Minnesota- Morris would use this waste steam in a
district energy system that would serve its needs and those of a new elementary school while
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allowing DENCO to recover some of its costs. Installing district energy systems is not without
obstacles.

These systems require significant capital investment to create the necessary infrastructure
support. This means that district energy systems need community support, but district energy

presents a real solution for improved energy efficiency and presents a tangible way for
communities to reduce their fuel consumption.
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4. Energy Situation in the U.S. and Role of CHP

4.1 Overview

In the U.S. today, commercial and industrial combined heat and power (CHP) and other forms
of distributed generation (DG) proceed within a much broader framework of energy
production, distribution and regulation. Changes in the broader framework largely determine
the opportunities for CHP/DG development, and the shape that it takes.

Certainly the most important change in recent years has been the nationwide movement to
restructure the electricity industry away from traditional concepts of regulated monopoly
services, and toward competitive markets for electricity and related services. Federal and state
actions toward this end have accelerated in the past several years; they continue to be
vigorously debated today; and they will evolve substantially over the next decade.

Electricity restructuring impacts CHP/DG in at least two major ways: it transforms the
commercial environment in which CHP/DG projects proceed, and it changes laws and
regulations that directly apply to these projects.

Changing energy markets and climate change policies are driving greater interest in energy
efficiency and clean energy technologies. In recent years, the United States has seen record or
near-record high prices in electricity, coal, natural gas, and petroleum. Consumers, especially
energy-intensive businesses, industries, and institutions are feeling the pinch of these prices.
Businesses can not afford to absorb these higher costs and are passing them on to consumers.
The increased costs of goods and services are negatively affecting the U.S. and world
economies. U.S. businesses and industry have struggled to maintain profitability in an
environment where uncertainty of supply, uncertainty of availability, and risk are now the
norm. Most analysts believe this pattern will hold for an extended period and that cheap
energy is a thing of the past.

In addition to the economic concerns resulting from the current energy situation, there is a
global drive to limit emissions of CO2, primarily from the burning of fossil fuels, to curb climate
change. The United States, while accounting for just 5% of the world’s population, consumes
nearly 25% of the world’s energy. This disproportionate fuel demand is a reflection of the
country’s poor energy productivity - the lowest of any developed economy in the world.
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Figure 109: Energy Productivity (Billion Real $ GDP/QBTU)
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The United States has experienced and overcome energy crises in the past. However, the
current energy situation will not lend itself to remedy through simple supply-side measures and
short-term conservation as in the 1970s, when increased petroleum supplies quickly reduced
consumer price pressures. There are several differences today that require more
comprehensive solutions.

The following issues are shaping the U.S. energy landscape:

e Growing energy demand;

e Constraints on traditional energy supply and delivery;
o Global competition;

e Climate change concerns;

e Need for infrastructure modernization;

e Security concerns.
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4.2 Rising Energy Demand

When energy markets stabilized after the 1970s, Americans began to abandon the efficiency
and conservation methods that had been implemented to help them cope with the era’s
market tumult. Americans today live in larger homes, drive larger cars, have more conditioned
space, and use more electronic equipment. While technological improvements and efficiency
have improved productivity per unit of energy consumed, this trend is being outpaced by these
other factors. CHP reduces growing energy demand by promoting the efficient use of our finite
natural resources.

4.3 Restraints on Existing Energy Sources

In the United States, domestic oil production peaked in 1972 and natural gas production
peaked in 1973. Globally, oil production may be approaching its peak today. Both domestic and
foreign oil are becoming more expensive to obtain, as quality (sour crudes) lessens and supplies
become more difficult to extract.

While North American production and consumption of natural gas are largely in balance, small
fluctuations in supply or demand can bring high price volatility. While natural gas can be
imported in the form of liquefied natural gas (LNG), this requires significant additional
infrastructure investment and faces notable environmental obstacles. Domestically, new gas
shale formations hold promise to boost natural gas production by 5-10% and moderate prices.

While domestic coal is relatively plentiful, environmental concerns limit its use. Moreover, the
cost of building traditional coal-fired power plants has been escalating, driven by pollution
control requirements, high construction levels globally, tightness in the equipment and
engineering markets, and high prices for raw materials. Overall, capital costs for coal power
plants have risen 78% since 2000. General Electric gives estimates of $2,000-53,000 per kW for
new conventional coal-fired plants, and Duke Energy is proposing to spend $1.83 billion to build
an 800-MW plant in North Carolina, or $2,300/kW.11 At $2,500 per kW installed, the delivered
price of electricity to consumers would be roughly 10 to 12 cents per kWh, more than 60%
above current average industrial electricity prices.

Advanced clean coal technologies will be even more expensive. The use of carbon capture and
sequestration and advanced approaches to coal combustion will significantly add to these costs.
As an example, Tenaska Energy is seeking $3.5 billion for its proposed 630MW integrated
gasification combined cycle (IGCC) coal plant in Taylorville, IL. This translates to $5,555/kW.
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CHP systems offer flexibility in fuel selection and can take advantage of both fossil fuels and
locally-sourced and renewable fuels such as landfill gas, biomass, or digester gas. Bio-methane
sources are particularly well-suited to CHP systems and help supplement traditional natural gas
supplies with a renewable resource. This flexibility will be an ever more important advantage in
an environment where thermal energy is required and fossil-fuel price and availability is volatile
or uncertain.

4.4 Competition in the Global Energy Markets

Today’s energy market is global. There is competition for energy supplies from growing
economies such as China, India, Brazil, and others. Domestic manufacturers are struggling to
maintain competitiveness against countries with lower labor, raw material, and energy costs. In
the past, natural gas and refined petroleum products were produced domestically for American
consumers, but now these products are frequently imported from overseas, with prices driven
up by increased demand in other energy-hungry countries. This energy straitjacket involves all
fossil fuels - petroleum, natural gas, and coal.

Domestically produced equipment, materials, skilled labor, engineering expertise, services, and
fuel are all utilized in the operation and installation of CHP systems, resulting in job creation.
Using these systems domestically will allow the U.S. to come one step closer to achieving true
energy security and independence. Also, U.S. leadership in the development of these
technologies and skills will allow a thriving home-grown industry to export these innovations
globally.

4.5 Dealing with Climate Change

Most scientists agree that the increase in global temperatures or warming in recent decades
has been caused primarily by human activities that have increased the amount of CO2 and
other greenhouse gases in the atmosphere. The largest man-made source of CO2 is the
combustion of fossil fuels. Many states and regions of the United States are following the lead
of other countries that are implementing policies to avoid or reduce carbon emissions. Many
people believe the United States is on a path to adopt policies to limit CO2 and other
greenhouse gas (GHG) emissions.

CHP reduces the carbon footprint of separately generated heat and power. Furthermore, it is
one of the most cost-effective methods of reducing CO2 emissions.

804
4. Energy Situation in the U.S. and Role of CHP



U.S Clean Energy Sector Opportunities

4.6 Requirement for Modern Infrastructure

While U.S. energy demand continues to increase, investment in energy-delivery infrastructure
has not kept pace. In many parts of the country, especially near urban and economic centers,
both natural gas and electricity T&D systems are operating at capacity. Energy-related
infrastructures are aging. Even small disturbances such as a heat wave, cold snap, or storm can
cause major bottlenecks in energy deliveries. The movement toward a distributed energy
paradigm can play an important role in solving energy delivery constraints while deferring or
avoiding costly investments in infrastructure. CHP located at or near the site, can reduce
capacity requirements or overloading on transmission lines, transformers, and distribution
feeders. This could enable current infrastructure to serve new or growing loads, reducing or
deferring infrastructure reinforcement.

4.7 Energy Efficiency and CHP

Many may hope for a silver bullet in the form of groundbreaking technology or massive
discovery of new fossil fuel reserves, but the U.S. energy situation must be approached with a
comprehensive, sophisticated strategy. The Nation will need solutions that alleviate its short-
term energy price and constraint situation. Solutions it can count on for longer term energy
stability must be developed. This strategy must include both supply- and demand-side solutions
and must hold promise for clean, affordable energy and economic prosperity.

Energy efficiency should be the cornerstone of a sustainable energy portfolio. It is the least
expensive and most rapidly deployable energy resource available today. Increasing efficiency
extends existing energy resources and infrastructure while the United States develops future
alternative energy technologies. Efficiency will pave the road to a sustainable energy future.

CHP is first and foremost an energy efficiency resource. It allows users to produce needed
electricity, heat, and mechanical energy while using as little fuel as possible. As an efficiency
technology, CHP can lower overall energy demand, reduce reliance on traditional energy
supplies, make businesses more competitive, cut GHG emissions, and reduce the need for
infrastructure improvements. Because of its inherent efficiency, performance, and reliability,
CHP is an effective near-term solution that can address the Nation’s current and future energy
needs.
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5. Mini and Micro-Gas Turbines for CHP

5.1 Introduction

All forecasts of future world energy supply anticipate an increase across the globe. The
projection shows almost a doubling of the world primary energy supply between 2000 and
2020. Electricity demand is projected to increase by the same order of magnitude over the
same period. The emissions of CO2 are likely to increase by at least the same amount because
advanced technology introduced into developed countries network will be offset by increased
use of fossil fuels for transport as well as lower cost and lower efficiency plants in developing
countries. Micro-turbines for combined heat and power may contribute to reductions of CO2
emissions depending on the way in which the sector develops.

The worldwide dependence on fossil fuels is still likely to be around 90% in 2020 unless major
measures are taken to introduce renewable energies into the system. Qil, coal and natural gas
will have the largest share of energy supply. Nuclear electricity will remain relatively stable and
renewables will increase.

The major increase in fuel for power generation in industrialized countries is foreseen to
increasingly become natural gas. The U.S.” electricity generation from natural gas has tripled in
the last 10 years.

The United States has a substantial stake in the gas turbine market with manufacturers
producing machines with ratings from less than 1 MWe (mini- and micro-turbines), up to the
biggest gas turbine combined cycles, which produce over 400 MWe on a single shaft. For the
purposes of this section, both mini- and micro-turbines will henceforth be referred to as micro-
turbines.

With the increasing use of natural gas as a fuel, the output of gas turbines for power generation
are projected to increase from around 570 GW in 1999 to 2035 GW in 2020;an increase of over
6%/yr. The value of this market is around 20 billion USS/yr. The increase of power demand will
be met by large combined cycle turbine (CCGT) plant (up to 400 MW), but with a growing
importance in distributed power applications in the 30—-150 MW range.
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In addition, micro-turbines in combined heat and power (CHP) applications may take an
increasing share of this market. The trend towards deregulation of the electricity supply market
will influence the speed of the potential introduction of what has become known as
“distributed generation”. Distributed generation is a revolutionary concept, which consists of
local generation of electric, thermal or mechanical energy.

Various technologies are used in distributed generation including gas turbines, reciprocating
engines, fuel cells, solar systems and wind turbines. There is a particular interest in the
potential of technologies such as micro-turbines and reciprocating engines. However, for micro-
turbines and other distributed energy resources to be competitive in power markets, the price
of electricity production will need to be more attractive than today. Without cost reductions,
most electricity users will prefer grid-connected power and energy-efficient distributed energy
resources will be confined to a relatively small market niche.

5.2 Pros and Cons of Micro-Turbines and CHP

Micro-turbines offer a number of potential advantages compared to other technologies for
small-scale power generation. For example, compact size and low-weight per unit power
leading to reduced civil engineering costs, a small number of moving parts, lower noise, multi-
fuel capabilities as well as opportunities for lower emissions (in the CHP context). In addition,
gas turbines enjoy certain merits relative to diesel engines in the context of mini and micro-
power generation. They have high-grade waste heat, low maintenance cost, low vibration level
and short delivery time.

The absence of reciprocating and friction components means that balancing problems are few,
and the use of lubricating oil is very low. In the lower power ranges reciprocating engines have
higher efficiencies, but these are now being challenged by gas turbine power plant derived
from high-efficiency aero-engines and the increasing efficiency of industrial gas turbines,
particularly when they are used in the CHP mode.

Fuel options other than natural gas include diesel, landfill gas, industrial off-gases, ethanol, and
other bio-based liquids and gases.

Main technical barriers to the implementation of micro-turbine technology are that, at present,
the gas turbine has a lower efficiency in its basic configuration than an equal power output
reciprocating engine. In addition, the efficiency of the gas turbine decreases at partial load and
burning of lower heating value fuels may not be feasible, depending on the type of the turbine.
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In addition, electricity distribution systems are generally unsuitable for the installation of a
large number of small plants and they require modification, the costs of which have to be taken
into account. Also, micro-turbine plant, require power conditioning to produce electricity at
grid frequency and this brings further additional costs to an installation.

Main non-technical barriers to the implementation of gas turbine technology are that
maintenance requires more skilled personnel than does the reciprocating engine and that small
gas turbines are expensive compared to reciprocating engines. Grid connection standards are
also a non-technical barrier.

Main non-technical barriers to the implementation of CHP systems are that the investment
payback period could be high (up to six years), the costs of grid connection might be high, the
access to the electricity network for reasonably price services is not always possible (i.e. export
power, back-up power and top-up power), access to the gas network is not always possible and
there are still administrative and institutional barriers to CHP in several countries. In addition,
CHP technology and its benefits are not widely known, there is possibility of increasing local
pollution and there is the requirement of a close matching of electric and heat load.

5.3 Market for Micro-Turbines in the U.S.

Micro-turbines could be used for power generation in the industrial, commercial and residential
sectors but there is an uncertainty about their market potential.

They could be used for: continuous power generation; premium power; peak shaving;
emergency standby; remote power; combined heat and power; mechanical drive; and wastes
and biofuels.

Industries that have the greatest estimated market potential for micro-turbines include
chemicals, food and drink, pulp and paper, and textiles. Remote power applications are for off-
grid locations such as oil, gas and mining operations. The market for wastes and bio-mass
burning micro-turbines are found in those industries that produce solid, liquid, or gaseous fuels
as a waste or by-product such as pulp and paper and food processing. However, the largest use
for micro-turbines could be in combined heat and power systems. The exhaust heat from a gas
turbine is of high quality i.e. high temperature, and can be used to produce heat for industrial
processes or space heating (CHP). For micro-turbines to get the high efficiencies, the exhaust
gas is passed through a recuperator to increase the electrical efficiency and therefore the final
heat grade available is of lower quality (temperature).
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In CHP applications, gas turbine plants can reach an overall efficiency exceeding 80%. However,
for micro-turbines and other distributed energy resources to be competitive in power markets,
the price of electricity production will need to be more attractive than today.

But, there are also other obstacles to the market development potential of gas fired
microturbines. Micro-turbines must not only compete with centralized power stations using
less expensive fuels and having high efficiencies, but must also face the continuous technical
progress of large-scale gas-fired combined cycles as well as of the other gas-fired prime movers
already present in the combined heat and power market. The recent trend of energy cost,
characterized by an increase of the natural gas cost and a decrease of the electricity cost,
makes the competitiveness of gas turbines (of all sizes) even harder.

5.4 Elements of a Micro-Turbine Generator

Much of the micro-turbines technology owes its origins to the military and aerospace industry
where the need for light weight, compact, high-powered generators has traditionally
outweighed the significant development and production costs. Riding on the back of these
development efforts, manufacturers are now turning their attention to new market areas. In
recent years the technology has found its way to hybrid electric vehicles and now to small-scale
power generation, where the manufacturers believe it has its greatest potential.

Micro-turbines are, for the most part, single-stage, single-shaft, low pressure ratio gas turbines.
Systems may be either simple cycle, where no heat is recovered from the exhaust for
preheating of the combustion gases, or recuperated. Recuperation typically doubles the
electrical efficiency of the unit whilst reducing the amount of recoverable heat from the boiler;
this may or may not be desirable depending on the application.

The main features of a single-shaft recuperated system are shown in the figure below.
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Figure 110: Schematic of Recuperated Micro-Turbine System
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It works as follows: incoming air is compressed and then passes through the recuperator where
it gains heat before entering the combustor. Here, compressed natural gas (or other fuel) is
introduced at high pressure and the hot high-pressure gases are exhausted through the turbine,
which extracts energy and uses it to drive the compressor and shaft-mounted alternator. The
exhaust gases are then fed through the recuperator and into a boiler or absorption chiller for
CHP and cooling applications.

The alternator is a high-speed device (typically rotating at 75,000-100,000 rpm) producing a
high frequency output; this is converted to the desired mains frequency and voltage in the
power conditioner. Because most micro-turbines typically generate high-frequency AC that
must be converted to DC and then back to grid compatible AC, the systems require reliable and
efficient electronic power conditioning devices.

The simple cycle ideal efficiency (without use of a recuperator) is given by:

n=1- (1;;‘_)(_:.-_])!_.}_
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The efficiency (g) being dependent on the pressure ratio (r) and on the nature of the gas (c %
cp=cv). For 3 < r < 5 we obtain an efficiency of 40% and in order to obtain an efficiency beyond
60% we need r > 10 (we practically have to choose an r between 3 and 5 since conventional
turbines can withstand up to 1000 7 C without blade cooling).

However, small machines cannot reach these theoretical efficiencies and micro-turbines have
efficiencies substantially lower than the efficiency of competing systems such as reciprocating
engines or large power stations, particularly in high-load factor applications with base-load or
intermediate-load requirements. However, for applications such as emergency power, where
the duration of operations is relatively low and fuel costs are of secondary concern, where
other factors such as ease of installation and maintenance are considered, unrecuperated
micro-turbines may be used.

The simple cycle ideal efficiency with heat exchanger (i.e. with recuperation) is given by:
N = | — ?_i_ y—1)/v J.-'If: where t = T”I T]

Here, with 3 < r < 5 we obtain efficiencies beyond 60%.

Since r is low by comparison to large machines, the complexity of axial compressors is not
justified and the simpler to design and construct radial compressor is universally used. The
comment generally applies to compressors alone except at very small powers, say below 10
kW, when high speed make the radial turbine necessary for structural reasons.

The simplicity of the core gas turbine masks the leading edge technology used in its design,
manufacture and operation in certain parts such as the bearings technology and the high-speed
alternator.

High efficiency can only be obtained when the machine operates at high pressure and
temperature conditions, which challenge the skills of engineers and materials technologists. In
addition, higher temperatures lead to challenges to reduce NOx emissions. As efficiencies
increase, the resulting potential increase in NOx has to be dealt with using ever more
sophisticated combustor design.

Fuel savings of 30—-40% from preheating can be produced from the most effective conventional
metal recuperators. Conventional stainless steel recuperators, however, can be used only when
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exhaust-gas temperatures are below 650°C. A considerable increase in gas turbine efficiency
can be achieved with large increase in engine operating temperatures, and the appropriate
materials to accomplish this are ceramics. Present designs use metallic components without air-
cooling and the high-metal temperature result in shortened lifetimes. Advanced metal or
ceramic recuperators will be required as engine operating gas temperature increase to enhance
efficiency.

The materials used for recuperators could be classified according to maximum operating
temperatures: 650°C (stainless steel), 800°C (Inconel) or >870°C (ceramics). These limits are
imposed by existing material properties such as strength and corrosion, oxidation, and creep
resistance which affect recuperator failure. Metallic alloys are now used for the two lower
temperature ranges while ceramics would be required for the higher temperatures.

Fuel gas compression equipment will be needed in locations where the gas pressure is too low
for direct firing in micro-turbines and this can become so expensive as to be uneconomical. The
starting and stopping of multiple, gas-powered micro-turbines could also place strain on the
natural gas supply system.

In certain circumstances, users that have deep concerns about the reliability of the grid or
about power quality may be willing to pay more for on-site power generation than for grid-
connected electricity. System reliability is a top priority since power interruptions or sags in
voltage or frequency can be very expensive to companies in lost production and damaged
equipment. Therefore, extensive RAMD (reliability, availability, maintainability, durability)
testing is needed before turbines will gain acceptance. There are also concerns related to
interconnection with the grid. The capability of gas turbines to use multiple fuels without
increasing emissions would greatly increase the number of opportunities for micro-turbines.
Note that the relatively low turbine temperature means that the amount of NOx generated by
the micro-turbines is relatively low compared to large turbines.

Since economies-of-scale do not apply in the smaller size ranges, design simplification and
production economics assume greater importance. In general, micro-turbines have design
features as follows:

e Radial flow compressors;

e Low pressure ratios (with single-or two-stage compression);

e Very high-rotational speeds (25,000 rpm for a 500 kW machine, around 75,000 rpm for a
100 kW one);
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e Minimal use of cooling of vane or rotor;
e Exhaust heat recuperation for air preheating;
e Use of materials with low production cost.

5.5 Current and Future Status of the Technology

The size of micro-turbines varies considerably. Existing micro-turbine systems range in size from
25 to 80 kW; future products up to 500 kW or even 1000 kW are planned. In addition, research
is being carried out in the range <25 kW (e.g. 1 kW, 10 kW).

Besides natural gas, the development and testing will also include the use of alternative fuels
such as biogas and methanol. Data on energy efficiency, availability, emissions, O/M costs etc.
will be recorded and reported. The data obtained will form the basis for possible enhancement
of energy savings and reduced emissions through the use of efficient micro-turbines in CHP
applications.

The development of the major critical components of an efficient, innovative, small gas turbine
CHP system will create an improved combined heating and power system. The more efficient
thermodynamic gas turbine cycle, which will increase the efficiency of the small gas turbine
from between 20% and 25% to more than 35%, will produce a reduction of more than 10% in
CO2 emissions. The innovative catalytic combustor, which is one of the main developments, is
an effective way to reduce the emission of pollutants (NOx and CO) to a level which will be
required in the near future. It will also enable low heating value fuels issued from biomass
(biogas) to be effectively burnt.

In the U.S., three manufacturers made commitments to enter the micro-turbine market.
Capstone has a 30 kW product, Elliott has 45 and 80 kW products, and Northern Research and
Engineering Company will have several products in the 30 to 250 kW size range.

Other companies such as Allison Engine Company, Williams International, and Teledyne
Continental Motors have expressed interest in developing micro-turbine products.

Ways to improve the performance of several types of gas turbine cycle will be a major objective
in the coming years. The targets for small gas turbines are efficiencies above 35% and designs
for the use of fuels with less than 25% heating value of that of natural gas.
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The use of micro-turbines for continuous generation will typically involve applications requiring
over 6000 h of operation per year.

The potential market could increase substantially if the cost, efficiency, durability, reliability,
and environmental emissions of the existing designs are improved.

5.6 Conclusion

The power generation industry uses a large amount of the primary energy demand in the
United States. There is therefore a continuing need for improved energy efficiency within the
United States coupled with a pressing need to reduce emissions. The use of gas turbines for
power generation has increased in recent years and is likely to continue to increase, particularly
for distributed power systems.

The proportion of power generation using CHP is also growing mainly due to efficiency
improvements and environmental benefits.

There is much uncertainty about the market potential of micro-turbines. Manufacturers have to
commit themselves and define whether they will produce micro-turbines for a volume or for a
niche market. A major problem includes the very high cost of the regenerator. In
commercializing advanced micro-turbine designs, manufacturing scale-up techniques will be
significant in lowering system costs.

Achieving fuel flexible systems will be a major technical challenge. Testing will be needed to
determine the optimal combustion conditions for different types of fuel. Interconnection with
the electric grid poses a significant barrier to micro-turbines and regulations need to be
established.

There are advantages and disadvantages in the use of micro-turbines for CHP. The future
depends on the market niche for such turbines and on government policy.
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6. Market Mechanism for Energy Allocation in Micro-CHP
Grids in the U.S.

6.1 Introduction

Over the last years fossil energy prices were rising remarkably. E.g. the price for crude oil
increased from approximately US$20 in 1995 to more than USS65 as of today, while the prices
for other fossil resources evolved similarly. On the one hand rising energy prices indicate the
increasing scarcity of these resources and thus implicate a need for change in our energy
consumption habits, on the other hand high prices foster the development of alternative
technologies for energy generation.

A study from Emerging Energy Research states that today wind power technology already
allows electricity generation at cost below those of conventional coal fired power plants if
carbon penalties of more than 30 EUR per ton are applied. Similarly Krewitt and Schlomann
state that energy produced from renewable resources is already competitive if external cost are
included.

Taking this ongoing change process as a given, one needs to determine the challenges that
come along with this development. In particular the effects on the future energy generation
and distribution infrastructures need to be addressed. Traditionally energy generation is a
centralized business, mainly because the required (fossil) resources were (and still are) available
“on the spot” and central generation allows to exploit some economies of scale. Throughout
the last years the development of new energy generation technologies fosters the utilization of
renewable energy resources. But compared to large scale power plants, energy generation
through photovoltaic systems, biogas plants or even wind parks is (i) a much more
decentralized and (ii) a much less predictable business. Thus this development puts a lot of
pressure on the current energy distribution infrastructure.

One proposition to address this issue is to develop semi-autonomous micro energy grids that
bind the distributed energy generation facilities to the local demands. The local netting of
energy demand and supply inside a microgrid could already reduce parts of the randomness
and thus should enable the microgrid to appear as a rather predictable “citizen” in the large
scale grid where it buys peak demands from the outside world and offers free generation
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capacities as balancing power to others. Furthermore, a combined usage of heat and power
inside the microgrid will increase the overall energy efficiency.

Besides difficulties in predicting and coordinating distributed energy supply, energy
consumption forecasting — especially for private households — is problematic as well. This is
mainly due to two reasons: On the one hand old metering technology limits readouts in
practice to annual cycles, on the other hand flat fee tariffs (e.g. 18 Ct / kWh of electricity) do
not set any economic incentives for consumers to shift energy consumption from peak hours to
periods of low consumption. The result is that consumers use energy more or less “at random”
while energy providers are more or less blind on the energy flows inside their low voltage
distribution networks. At the same time it is known from field studies that about 50% of the
private households’ electricity consumption is dedicated to the operation of refrigerators,
freezers, (water) heaters, washing machines or dryers and thus could follow — at least within
certain boundaries — a planned schedule.

A solution for addressing the aforementioned challenges is to develop combined heat and
power micro energy grids (CHPMEG) that are “loosely” connected to the conventional large-
scale power grid minimizing energy transmission losses while maximizing generation efficiency
ratios. Within a CHPMEG energy producers and energy consumers trade their energy (i.e. heat
and electricity) supplies and demands on local marketplaces. Arbitrage agents ensure that the
resulting energy prices within the microgrid are leveled to those on external marketplaces.

As markets provide an efficient matching of demand and supply on average, a technical
balancing mechanism (spinning reserve) complements the market mechanisms to ensure stable
operation of the local energy grid, even in those cases where the market-based allocation might
fail without compromising the economic incentives set by the markets.

6.2 Application for a Market-based Micro CHP Grid

An application for a market based micro CHP grid typically consists of several components
connected to each other trough heat pipes and power / communication lines. Usually five key
components can be identified in a microgrid.

1. Consumers are private households and small business that require electricity and / or heat.

2. Producers are photovoltaic systems, heaters, micro-turbines, biogas plants, etc. They
generate electricity, heat or both.
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3. Spinning Reserves provide ad-hoc energy reserves that are used to stabilize voltage and
frequency of the power grid. Battery banks or spinning wheels usually provide facilities for
quick electricity storage and retrieval and thus serve as spinning reserves. Heat-wise grid
stability is not too critical, still therms can take over the role of heat regulators as they are able
to temporarily store certain amounts of heat.

4. The coupling point is the connection between CHPMEG and the large scale grid. At this point
inbound and outbound power flows are metered and regulated.

5. The controller is the core of the CHPMEG. It is responsible for matching the consumer’s
energy demand by dispatching appropriate generators for heat and / or electricity, i.e. it has to
determine an optimal production schedule given the consumption requests.

A household might generate and sell excess electricity from its own photovoltaic system during
daytime while it might consume power during night time. We require all entities within a
CHPMEG, i.e. producers, consumers and spinning reserves to be connected to the controller
through power lines, local area network (LAN) and — where applicable — through heat pipes as
well. Furthermore we assume that heat pipe and power line capacities are sufficiently
dimensioned to meet all transmission demands that might occur.

As mentioned above, the central component of this microgrid is the Controller which
determines energy production and consumption of all grid participants and ensures that (i) the
electricity grid is always balanced in terms of voltage and frequency and (ii) the heat grid always
provides at least as much heat as required, storing or disposing overproduction in therms.
Furthermore the controller should provide incentives to consumers to shift their energy
consumption from peak hours to time periods with low energy demands if possible. Likewise on
the producer side the controller needs to determine an operation schedule that always favors
the producer with the lowest production cost for generating the required energy. If e.g. a
photovoltaic system and a microgas turbine are ready to produce power for the microgrid, the
photovoltaic system will likely have comparably lower production cost during sunshine periods
and thus should produce the energy saving the microturbine from burning gas.

This idea could be extended even further: The controller needs to make sure that not only the
cheapest producers inside the microgrid generate the required energy but that the overall
cheapest producers will take over this responsibility, i.e. if the spot market price for electricity is
lower than the marginal production cost of the most expensive currently running generator in
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the microgrid, it should be turned off and the electricity should be purchased from the spot
market instead (and vice versa). The same procedure should be applied if — during peak hours —
the local generation capacity is insufficient to meet the local demands. From a technical
perspective is important to note that many generators, especially combustion engines are not
able to operate at below certain load levels. Thus the CHPMEG controller hast to take minimum
and maximum production constraints of the respective energy producers into account as well.

Finally the netting of energy demand and supply within the CHPMEG should reduce the
randomness in energy production and consumption to the outside world. At best the CHPMEG
is able to announce future energy shortages (or energy reserves) as early as possible to the
outside world, making its behavior as predictable as possible.

Several different requirements that CHPMEGs and especially the CHPMEG controllers that need
to be met can be summarized as follows:

e R1 Online Mechanism (instantaneous matching of demand and supply)
e R2 Bundled allocation of electricity and heat

e R3 Price signals to indicate scarcity

e R4 Min and max. allocation constraints

e RS5 Stable operation (balanced demand & supply)

e R6 Coupling with large-scale power grid

e R7 Forecasts for demand and supply
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Figure 111: Schematic Layout of a Micro CHP Grid
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6.3 Market Outlook

The approach for operating micro energy grids is very interesting as it proposes several new
research avenues:

e Electronic agents need to be developed that automate the process of energy trading.
The fact that e.g. consumer agents can be implemented for procuring only heat or
electricity reduces complexity and allows the recourse to related literature from
algorithmic trading research;

e Trading strategies for different types of producers (i.e. wind turbines vs. micro CHP
generator) and consumers need to be developed;

e Innovative preference elicitation methods are required in order to allow e.g. consumers
to only specify target temperatures for certain times of the day thus leaving the task of
determining the resulting optimal heat consumption profile to the agents;

e Different energy prices for different timeslots set an incentive for demand side
optimization. In this area, new models need to be developed that support consumers in
finding optimal or at least more efficient consumption schedules without reducing their
quality of life;

e The potentials and dynamics of hierarchically organized energy grids as well as potential
yo-yo effects, which might occur if a large number of microgrids are coupled together
hierarchically, need further investigation.
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7. CHP and Emissions Trading in the U.S.

7.1 Emissions Trading in the U.S.

The development and design of emissions trading schemes is driven by their scope to bring
about emissions reductions at the least cost. Emissions trading effectively caps emissions and
creates scarcity, thereby putting a price on emissions through the creation of an emissions
market. In cap-and-trade schemes, a cap (or limit) is set on the total volume of emissions
allowed by facilities in a particular jurisdiction, and a finite number of emissions allowances are
available that reflect the cap (e.g. one allowance permits the emission of 1 ton of CO2). The
total emissions cap is reduced on a year-by-year or phase-by-phase basis, typically increasing
the stringency of the scheme gradually. The steepness of this ‘ratcheting down’ trajectory (also
known as a ‘glide path’) may vary depending on the sector in which the facility falls.

Allowances are distributed, or allocated, to emitters, enabling participants to sell surplus
(unused) allowances to those with a deficit. Trading schemes can involve individual
installations, groups of emitting sectors of the economy, or whole countries.

Emissions Trading Schemes started to gain popularity in the U.S. in the 1990s with trading of
traditional air pollutants such as oxides of nitrogen (NOx) and sulphur (SOx). Europe was the
first region to begin a mandatory CO2 cap-and-trade scheme, known as the EU ETS. The EU ETS
has been operating since 2005 and is now the largest multi-country, multi-sector GHG emission
trading scheme in the world. Phase | (2005-07) has now ended and Phase Il (2008-2012) has
begun. The design of Phase 11l (2013-2020) is now under negotiation among the EU Institutions.

Outside Europe, GHG trading schemes are at various stages of development, including the
Regional Greenhouse Gas Initiative in the north-eastern United States and the U.S./Canadian
Western Climate Initiative. Other schemes are being established in Asia and Australasia. Some
emerging economies, including China and India, support market based instruments like ETS and
favor in particular relative rather than absolute targets that are linked to economic growth. This
type of scheme is known as performance-based cap-and-trade.
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7.2 Role of CHP in Emissions Trading

Greenhouse gas emissions trading is a central tool in the global response to climate change, as
is evidenced by the emergence of emerging trading schemes. In time, it may become the
dominant policy mechanism, with the existence of a global market for GHG emissions
allowances and the participation of all the major economies worldwide.

Meanwhile, the potential for CHP (and applications such as District Heating and Cooling) to
bring about significant emissions reductions is increasingly well understood. The IEA has
recently analyzed this capability; its ‘Accelerated CHP’ scenario brings about a 10% emission
reduction beyond that achieved by the IEA’s low-carbon Alternative Policy Scenario. It is
therefore important to ensure that evolving ETS design takes account of CHP’s unique position
in the energy delivery chain and, if desired, incentivizes the development of high-efficiency CHP
systems alongside other carbon mitigation solutions. At the very least, ETS programs should not
penalize CHP.

7.3 Challenges Facing CHP in its Role in Emissions Trading

Based on current experience, there are three important areas to be addressed in incorporating
CHP into an ETS.

7.3.1 Increase in Onsite Emissions and Decrease in Global Emissions

While CHP reduces overall emissions, onsite emissions go up. Onsite emissions, however, are
up 70%. This is an issue for CHP in a source-based ETS that requires a site to directly account for
the emissions it generates (rather than the end-user being accountable). This has the potential
to penalize an owner or potential investor in CHP by requiring them to hold — and pay for —
additional CO2 allowances.

In theory, this issue can be avoided if the price of imported grid electricity to a site without CHP
includes, in full, the carbon cost of that electricity. In practice, however, the electricity price
paid by a heat consumer does not include the full carbon cost of the generation that CHP
displaces, primarily because integrated utilities can spread the carbon costs of their fossil and
non-fossil generation.
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7.3.2 Distinguishing between Different Economic Sectors

Emissions trading schemes often distinguish between different sectors of the economy. This
enables ETS designers to impose stricter targets on some sectors than on others, or to limit the
impact of ETS on sectors vulnerable to international competition. CHP generates both
electricity and heat. Therefore, a question arises about whether it should be part of the
electricity sector or the heat-consuming sector (usually an industrial sector). If it is seen to be in
both sectors, then the additional question arises of how to allocate emissions allowances
between electrical output and heat output.

Differences in sector caps can make a significant impact on CHP. For example, experience to
date with the EU ETS suggests that if a plant is part of a sector that is capped in a significant
way, the economic performance of an existing CHP project, as well as the viability of new CHP
investment in that sector, can be significantly diminished.

7.3.3 Boundaries for Inclusion of CHP in an ETS

ETS frameworks will usually set boundaries on what size of installation is included — and this can
lead to more efficient CHP and district energy being placed at a competitive disadvantage.
Although the electricity market is mostly covered by ETSs, the heat market is only 10-20%
covered. This means that CHP and DHC are often above the threshold for inclusion, while
separate conventional generators of heat and electricity avoid inclusion.

e Theissue for DHC — Under ETS frameworks, larger district energy plants which are above
the threshold for ETS inclusion may be forced to compete with individual smaller boilers
serving the same heat load, but which individually fall below the threshold and avoid
being included in the ETS. Therefore, an ETS can provide a sufficient incentive not to
invest in a more-efficient district energy scheme (with or without associated electricity
generation);

e The issue for medium-to-small CHP plants — the issue is similar. For example, the
qualifying threshold for the EU ETS is 20 MW thermal input. There are many sites that
currently do not qualify for the EU ETS that would do so if they were to invest in CHP,
since on-site fuel use increases (though global fuel use decreases). This demonstrates
the importance of getting the policies right for CHP in ETS.
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8. Why CHP is the Competitive Solution for the U.S.

8.1 Overview

CHP is a proven, reliable, cost-effective way of providing energy services for the manufacturing,
commercial, and institutional sectors. Where a renewable or waste fuel is available onsite, a
facility may be able to independently supply itself with heat and power, making it less
vulnerable to rate increases or volatility in fuel price and availability. CHP improves energy
efficiency and reduces the energy cost per unit of product. The cost savings can help make the
difference between staying in business and shutting down.

During natural or manmade disasters, CHP is capable of keeping critical facilities running when
local or regional electric grids fail. As Hurricanes Katrina and Rita dramatically showed, the
petrochemical and refinery sector is vulnerable to grid disruptions. For an industrial
manufacturing facility, a 1-hour outage can cost a company over $50,000 in losses. For high-
value data-driven operations, losses can be staggering. For example, a 1-hour outage at the
First National Bank of Omaha’s credit card processing facilities can cost the company as much
as $6 million in lost revenues. Consequently, the bank installed a fuel cell-based CHP system
that is integrated with Omaha’s downtown district energy system.

8.2 Economic Benefits for the U.S.

Various studies have shown that CHP, employed as part of a comprehensive energy efficiency
and renewable energy strategy, can have significant, positive economic impacts including the
creation of “green-collar” jobs. Texas, one of the fastest growing states in the country, faces the
triple challenges of surging demand for electricity, increasing energy costs, and continuing
environmental problems, all of which imperil its economic health.

A recent study has shown that energy efficiency including customer-sited CHP, onsite
renewables, and demand-response can meet the growth in Texas’ electricity needs without the
need for new central station power plants. This strategy also limits consumer energy costs,
creates new jobs, and offers significant emissions reductions, thus addressing the
environmental and energy cost challenges while contributing to the growth of the state’s
economy.
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The suite of policies recommended in the study would result in net cumulative consumer
energy savings of $37.4 billion by 2023, and annual SOx and NOx emissions reductions of
31,400 and 23,400 tons, respectively. At the same time, the policies would create more than
38,000 new jobs. Many of the new jobs would be associated with the manufacture and
installation of energy efficiency and renewable energy measures, and would contribute more
than $1.6 billion in new net wages to the Texas economy by 2023.

The benefits of increased energy efficiency from technologies such as CHP extend to fuel
markets as well. Several 2003 studies showed how reducing natural gas consumption with
efficiency and CHP lowers pressure on natural gas wholesale prices. These studies showed that
reducing natural gas consumption by 5-6% can result in a 20% reduction in commodity price.

In the United States, where labor, raw material, and fuel costs are high, improving energy
efficiency can mean the difference between remaining in business, moving offshore, or closing
altogether. Unless the country acts now to improve its energy efficiency, the energy
productivity gap between the United States and the rest of the world will continue to grow.
Energy efficiency improves the financial competitiveness of a company just as much as other
more “conventional” measures to eliminate waste and increase output in production.

8.3 Dealing with Local Energy Issues with CHP
8.3.1 Overview

While the largest concentrations of existing installed CHP capacity are in a handful of states -
California, Louisiana, New York, and Texas - CHP is deployable throughout the Nation.
Distributed energy is often locally owned and controlled, so energy consumers and
communities become direct stakeholders in their own energy supply. In some areas that are
worried about their energy supply, CHP may be a way to attract new business in the face of
transmission constraints or electricity shortages.

8.3.2 Potential CHP Capacity

Unlike wind and solar generating technologies, CHP can operate 24 hours a day in any climate
or location in the United States. The heat and power is produced at or near the site of
consumption and therefore does not face T&D constraints. CHP is typically located at sites
already zoned for commercial or industrial activities. CHP can be used in a wide variety of
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applications including large and small industrial facilities, commercial buildings, multi-family
and single-family housing, institutional facilities and campuses, and district energy systems.

CHP capacity is greatest in states with the largest thermal energy-dependent industrial sectors.
The gulf coast of Louisiana and Texas has one of the largest concentrations of CHP capacity in
the country, with about 24 GW (28% of total U.S. CHP capacity). The region’s large
petrochemical and petroleum-refining industries have enormous thermal demands and make
expert use of CHP to provide their facilities with heat and electricity. California and New York
also have more than 5,000 MW of installed CHP. Both states have large industrial demands,
stringent air quality requirements, and effective policies that encourage adoption of CHP.

Figure 112: Remaining Technical CHP Potential

CHP Technical Potential
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8.3.3 Increasing Role of CHP in Generation

CHP comprises a significant percentage of U.S. power generation. The use of CHP accelerated
following passage of PURPA in 1978, which enabled many industrial and institutional sector
users to generate thermal energy and power onsite, have access to the grid, and sell excess
electricity to the local utility at an agreed upon price.

8.4 Transition to Modernized Infrastructure

8.4.1 Overview

CHP systems are located close to energy consumers. Transmission and bulk power transformer
losses associated with the delivery of electricity from remote power generation, which average
6-8% and can exceed 10% at peak, are avoided. CHP can further benefit the electrical system by
reducing demand on the generation and transmission systems of the grid. This demand
reduction can cut congestion on the electric supply system, freeing transmission and
distribution capacity to serve other consumers and improving grid reliability by mitigating
overloads.

8.4.2 Location of Energy Resources near Demand

In the distributed energy paradigm that includes CHP, local energy resources are strategically
sited near demand. This approach can assist both suppliers and end users. For end users, CHP
can mitigate the risk of periodic, prolonged, and expensive disruptions in service and power
quality. There are a growing number of industries and enterprises whose fundamental business
operations depend on a continuous supply of reliable, high-quality power such as data centers,
hospitals, financial institutions, and key industrial processes.

CHP and distributed energy can help communities respond to natural disasters and prolonged
energy emergencies. Electricity is essential for many of the vital services performed by hospitals
and public health facilities. Life-saving equipment, lighting, space conditioning, cold storage
systems, emergency communications, and potable water depend on reliable electric power.
CHP and distributed energy have proven to be extremely valuable in the continuity of critical
health services during prolonged power outages and natural disasters. Additionally, if
coordinated with the electric utility, CHP can have a role in the safe restoration of the power
grid by balancing demands with available supply.
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8.4.3 Utilities and Grid Benefits

The electric power system is extremely complex and must be kept in balance at all times.
Disturbances at any point are immediately felt to some extent by every other point. Moreover,
the electric power grid is inextricably linked to the country’s other critical infrastructure (e.g.,
telecommunications, natural gas, and water). Distributed energy technologies, such as CHP,
offer a more secure, modernized, reliable, and robust electricity system than the Nation’s
current centralized grid paradigm. Using the best features of both approaches can be mutually
beneficial.

The grid is severely congested and constrained in many areas of the U.S. during peak power
use. The shift from a manufacturing to a service economy, population migration toward urban
centers and southern locales, the tremendous increase in high-tech or “digital” facilities with
high electric load concentrations, and new homes’ increase in size and electric loads have
added significant peak demand and stress to the power grid.

If properly integrated, CHP can improve grid stability, increase capacity, and prevent power
outages. This is accomplished through:

e Load reduction;

e Contingency planning for grid congestion;

e Voltage stability and reactive power support;

e Reducing expensive T&D upgrade investment;

e Deferring construction of generation and T&D equipment.

CHP and distributed energy are part of an evolution toward a more decentralized, efficient,
resilient, and integrated power system enabled by improvements in alternative energy and
smart grid technology.

8.4.4 Increasing the Efficiency of the Power Grid

CHP and distributed energy allow the grid to function more efficiently. CHP systems are among
the most efficient heat and power generating systems available, in many cases approaching
80% efficiency, thus reducing energy costs to the consumer and emissions to the environment.
Because CHP is located close to the energy consumer, transmission losses and transmission
overloads associated with remote power generation are reduced, distribution feeder and
substation transformer loading (and associated losses) are lowered, and the customer is less
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likely to experience total interruption of service. CHP, as well as end-use efficiency and demand
response, can benefit the electrical system by reducing both baseload and peak demand.

Considerable energy losses, in some cases on the order of 15-20%, can occur during peak hours
because of resistive losses on overloaded lines. Transmission bottlenecks also prevent the
power system from operating and dispatching at maximum efficiency. Demand reduction can
reduce congestion on the electric supply system, freeing transmission capacity and improving
grid reliability by mitigating overloads and giving the transmission system reserve capacity to
deal with contingencies.

CHP also increases the economic efficiency of the power system. Today, large investments in
transmission and distribution (T&D) infrastructure are made where they may only serve the top
few hundred hours in the year when the power generation system is peaking. CHP helps the
utility extend the ability of the existing T&D system to serve growing peak loads.

8.5 Challenges Facing CHP Adoption in the U.S.

Although much progress has been made in the last decade to remove technical and regulatory
barriers to wider adoption of CHP, several major hurdles remain.

8.5.1 Regulation of Fees and Tariffs

Electric rate structures can have significant impact on CHP economics. Many current U.S. rate
structures that link utility revenues and returns to the number of kilowatt-hours sold are a
disincentive for utilities to encourage customer-owned CHP and other forms of onsite
generation. Furthermore, many of the system and societal benefits that CHP provides are not
accounted for under current ratemaking processes. Rate structures that recover the majority of
the cost of service in non-bypassable fixed charges and/or ratcheted demand charges reduce
the money-saving potential of CHP.

Facilities with CHP systems usually require standby/backup service from the utility to provide
power when the system is down due to routine maintenance or unplanned outages. Electric
utilities often petition the regulators for the ability to assess specific standby charges to cover
the additional costs they incur as they continue to provide generating, transmission, or
distribution capacity (depending on the structure of the utility) to supply backup power when
requested, sometimes on short notice. The structure and makeup of these charges is often a
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point of contention between the utility and the consumer, and without proper consideration of
all benefits and costs can create unintended and burdensome barriers to CHP.

Some utilities have programs that recognize the value to the utility and the ratepayer of
avoided costs associated with building capacity and infrastructure. Compensation for those
benefits occurs when the CHP operator enters a contract with the utility.

8.5.2 Issues dealing with Grid Integration

Economic viability of CHP for many customers requires integration with the utility grid for
backup and supplemental power needs, and, in some cases, selling excess power. To be
successful in the market, CHP systems must be able to safely, reliably, and economically
interconnect with the existing utility grid system. The lack of uniformity in application processes
and fees as well as the enforcement of current interconnection standards makes it difficult for
equipment manufacturers to design and produce modular packages, and reduces economic
incentives for onsite generation. Just as site-specific conditions drive CHP configurations, site-
and regional-specific conditions should be considered when developing interconnection
requirements.

In 2003, the Institute of Electrical and Electronics Engineers (IEEE) approved the IEEE 1547
Standard for Interconnecting Distributed Resources with Electric Power Systems. The standard,
which was reaffirmed in 2008, details the technical and functional requirements relevant to the
performance, operation, testing, safety, and maintenance of the interconnection of distributed
resources. These standards will continue to evolve as the distributed generation market
develops. The Energy Policy Act of 2005 calls for state commissions to consider certain
standards for electric utilities based on IEEE 1547, but does not require them to adopt the
standard. Adoption of technical interconnection standards, including their application within
interconnection agreements, varies by state, limiting CHP’s deployment.

8.5.3 Environmental Regulations

Higher efficiency generally means lower fuel consumption and lower emissions of all pollutants.
Nevertheless, most U.S. environmental regulations have historically established emission limits
based on heat input (lb/MMBtu) or exhaust concentration (parts per million [ppm]). These
input-based limits do not recognize or encourage the higher efficiency offered by CHP, nor do
they account for the pollution prevention benefits of efficiency in ways that encourage
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application of more efficient generation approaches. Thirty-one states currently regulate
emissions on an input basis.

CHP generates both electricity and thermal energy onsite, it may potentially increase onsite
emissions even while it reduces the total (onsite and offsite) emissions. Because current
environmental permitting regulations do not recognize total regional emissions benefits, they
can be a barrier to CHP development.

The Clean Air Act’s New Source Review (NSR) is another permitting barrier to installation of CHP
systems. NSR requires large, stationary sources of air pollutants to install state-of-the-art
pollution control equipment at the time of construction or whenever major modifications are
made that can increase net emissions. CHP systems increase the emissions of a facility but
significantly reduce total gross emissions because of their high efficiencies. Because of this
dichotomy, NSR requirements, especially in nonattainment areas (regions that do not meet
ambient air quality requirements), effectively make CHP systems too burdensome to install in
some cases.

8.5.4 Taxation Issues

Tax policies can significantly affect the economics of investing in new onsite power generation
equipment such as CHP. CHP systems do not fall into a specific tax depreciation category, and
their depreciation periods can range from 5 to 39 years. These disparate depreciation policies
may discourage CHP project ownership arrangements, increasing the difficulty of raising capital
and discouraging development.

8.5.5 Technical Challenges

Investment in CHP is fundamentally a business decision. Technology barriers have impeded full
market deployment. These include system and component capital costs, emissions control, fuel
costs and flexibility, and risk. There are CHP system limitations with regard to reliability,
availability, maintainability, and durability that at times can adversely affect life-cycle costs.
Improper installation or lack of coordination between developers and utilities in the planning
and installation process of CHP systems can result in technical complications related to grid
operations. Continued technology development is needed.
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8.6 Requirement for Further R&D

Several technology barriers must be addressed to improve and integrate CHP projects with an
energy portfolio for the 21st century. Key parameters that affect economic viability are
operating costs (driven by efficiency and fuel price) and capital costs.

Strategic technology development is needed. Improving the energy and environmental
performance of CHP and thermal energy recovery technologies (gas turbines, microturbines,
engines, fuel cells, desiccants, chillers, and heat recovery systems) will significantly lower capital
costs. Increasing fuel flexibility of combustion systems with no degradation of emissions profile,
performance, or reliability, availability, maintainability and durability will reduce operating
costs and fuel risk. Utilizing waste energy streams to produce useful energy forms with minimal
incremental fuel input will improve efficiency. There is also a need for technology
demonstrations, technical assistance in implementation, and reporting of lessons learned and
best practices.

Natural gas has been the fuel of choice for CHP. Natural gas prices have increased substantially
and been highly volatile. This has contributed to the recent slow adoption of CHP systems.
Technological approaches to address this include improving the fuel efficiency and introducing
the capability to switch to alternative fuels, i.e., fuel flexibility. Alternative fuels include
renewable resources, such as biogas, or wasted/vented thermal energy. Utilizing alternative
fuels requires modifications to a CHP system’s prime mover (i.e. turbine, reciprocating engine,
fuel cell, etc.) to use the fuel within acceptable levels of performance, emissions, durability, and
ease of maintenance. It also requires investment in fuel gathering, handling, treatment, and
storage equipment, which often adds a parasitic load to the system. All of these elements affect
the life-cycle cost/benefit analysis.

Modular reductions in CHP systems can be made with better integration of major subsystems
into packages. This is particularly valuable in the small- to mid-size CHP market. In those high-
potential markets, system designs that incorporate intelligent controls, sensors, and facility
energy management systems with generation and heat recovery technology would offer
compelling value.
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9. Regulations Aiding the Growth of CHP

Given adequate motivation and political drive, energy-efficient technologies are able to deliver
fast and cost-effective results. For example, during its 2000-2001 electricity crisis, California
undertook a massive demand-side energy efficiency campaign. In less than one year, peak
electricity demand was reduced by more than 10%, with overall demand down by 6.7%. The
state avoided the need for rolling blackouts the next summer.

9.1 Interconnection

Interconnection is the ability of a nonutility generator to operate while connected to the
electric transmission/distribution system. Under some service agreements - power purchase or
net metering contracts - the non-utility generator is contracted to sell or send excess electricity
back onto the grid. Currently, each utility and service territory establishes its own
interconnection rules. The lack of uniform standards for interconnection procedures is due, in
part, to the fact that jurisdiction over interconnection is split between the Federal Energy
Regulatory Commission (FERC) and the states’ utility regulatory body.

In 2006, FERC adopted Small Generation (<= 20 MW) and Large Generation (>20 MW)
Interconnection Procedures for facilities within its jurisdiction. Model interconnection
procedures have been developed by the National Association of Regulatory Utility
Commissioners (NARUC) and others such as Interstate Renewable Energy Council (IREC).
Technical requirements of IEEE 1547 are adopted by reference in many interconnection model
rules. The technical standards and procedures were developed to ensure that electricity grids
maintain their safety and reliability when nonutility generators are connected. As operating
experiences with CHP increase and best practices are developed, the standards have evolved
and their application has become more uniform. State officials and local utility personnel must
also be kept apprised and educated of changes in standards and procedures.

9.2 Greenhouse Gas Policy Mechanisms

One market-based approach to limiting greenhouse gas (GHG) emissions is called a cap-and-
trade system. This system sets a limit on GHG emissions such as CO2 for a region or a country as
a whole. Tradable permits are issued to designated sources, and the total number of permits is
equal to the emissions cap. It will be important that CHP is recognized as a valuable GHG
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reduction option in any GHG trading system that might be implemented in the U.S.. The main
challenge facing CHP is that, with CHP, on-site emissions may increase even though overall
regional emissions decrease. Care must be taken by trading system designers to ensure that
CHP’s regional GHG benefits can be captured in the program’s allowance structure and
eligibility requirements. Another approach for valuing carbon emissions is carbon taxes. This
has been implemented on a limited basis in several Scandinavian countries and the
Netherlands. Again, any system involving carbon taxes needs to acknowledge the benefits of
CHP in reducing overall GHG emissions even though on-site emissions may increase.

9.3 Investment Tax Credits

Investment tax credits (ITCs) promote adoption of technologies by essentially lowering the
initial financial risk involved in development of a capital-intensive project such as a CHP system.
There are several effective state ITC programs for CHP, such as the Hawaii High Technology
Business Investment Tax Credit. A 10% ITC for CHP has recently been enacted at the Federal
level under the Energy Improvement and Extension Act of 2008 (H.R. 1424).

Production tax credits (PTCs) are a performance-based credit based on generation output. They
promote adoption and sustained performance of generation technologies by allowing qualified
systems to receive a per KWh tax credit for electricity generated.

9.4 Proper Emissions Treatment of CHP

Output-based regulations relate air emissions to the productive output of a process and
encourage use of fuel conversion efficiency as an air pollution control or prevention measure.
Output-based regulations that include both the thermal and electric output of a CHP process
can recognize the higher efficiency and environmental benefits of CHP. Several states have
implemented output-based regulations with recognition of thermal output for CHP systems,
especially for smaller systems. In recent years, regulators have adopted market-based
regulatory structures, primarily emission cap-and-trade programs. In these programs, allocation
of emission allowances is a critical component that can create an incentive for different
technologies. Most cap-and-trade programs have allocated allowances based on historic
emissions, which does not encourage new or efficient technologies. More recently, some states
have adopted output-based allocation methodologies that include both electricity and thermal
output of CHP systems. These can create a significant incentive for CHP facilities.
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9.5 Renewable Portfolio Standards

More states are adopting energy efficiency resource standards (EERS) or renewable portfolio
standards (RPS) to ensure that cost-effective energy efficiency measures and renewable energy
sources help offset growing electricity demand. EERS/RPS require that energy providers meet a
specific portion of their electricity demand through energy efficiency or renewable energy.
Fourteen states have portfolio standards that include CHP and two states have pending
standards that may allow CHP to count in their programs. CHP should be universally recognized
as an energy efficiency technology, and standard methods agreed upon to compute the energy
efficiency contribution of CHP for RPS purposes.
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10. CHP Regulation in the U.S.

10.1 Regulations and CHP

Whether operating in states with traditional regulatory regimes or states that have adopted
restructuring, regulation can profoundly affect CHP/DG projects. For example, under traditional
state laws, CHP/DG projects whose economics depend on electric or thermal sales to off-site
users or multiple customers, can find themselves ‘public utilities,” subject to full-scale
commission regulation—including setting of rates, supervision of service, access to company
books and records, and control over securities issuances. For CHP/DG owners serving only a few
users, the costs and complexity of regulation can overwhelm any possible benefits from
operations. On the other hand, some traditional laws exempt cogeneration, renewable or other
preferred resource facilities engaged in limited distribution, or whose energy sales are merely
‘incidental’ to their main business, and some restructuring laws now exempt all electricity sales
directly to retail customers under contract. These kinds of provisions offer CHP/DG owners
much greater flexibility to size their projects and to operate them efficiently.

Another example of the significance of regulation for CHP/DG is in the area of supplemental,
standby and backup rates charged by utilities to customers employing CHP/DG. These are the
rates utilities establish, and regulators approve, for delivering power needed by a customer
beyond what its CHP/DG facility produces; for ensuring power during planned maintenance
outages of the customer’s generation facility; or for providing emergency power during
unplanned outages. Historically, some vertically integrated utilities have discouraged their
customers from installing their own generation in competition with utility-owned generation by
setting these rates at levels that make it uneconomic for customers to operate CHP/DG
facilities.

Restructuring removes generation functions from the regulated utility, but these practices
nevertheless persist under rate designs that compensate distribution-only utilities based on
how much energy flows through their systems (preserving historical disincentives to set
supplemental, standby and backup rates that make self-generation feasible and possibly reduce
throughput).
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The relation of such rates to the rates the utility charges non-generating customers, and the
standards regulators use to set them, can easily make the difference between an economic
CHP/DG project and an uneconomic one.

Even where regulation does not apply directly to CHP/DG projects, it shapes the commercial
environment that determines their economic viability and their value. For example, most
restructuring initiatives require as part of the transition from regulation to competition, that
utility customers pay substantial charges to cover ‘stranded’ generation costs incurred by
utilities under regulation, but unrecoverable in competitive markets. During the transition
period (which may last for years), customers usually are required to pay these ‘stranded cost’
charges to the utility even if they choose to install their own, more efficient CHP/DG solutions—
nullifying any economic advantage from CHP/DG installations, and removing any commercial
incentive to pursue them.

These are just a few examples of how regulation impacts CHP/DG deployment. The important
point here is that regulation directly impacts not only the sizing and configuration of CHP/DG
installations, but their economic viability relative to competing energy solutions.

10.2 Energy Inputs in CHP

Among the inputs, natural gas is now the fuel of choice for most CHP and emerging DG
technologies, including combined cycle plants, microturbines, fuel cells and advanced internal
combustion engines. Other typical CHP/DG fuels include diesel, propane, and increasingly,
‘opportunity fuels’ such as methane gas from wastewater treatment or landfill operations, or
biomass from agricultural crops or forest waste. Each of these fuels (as well as the non-fuel
inputs mentioned above) may be subject to environmental and health and safety regulations.
However, only natural gas supply traditionally has been subject to comprehensive economic
regulation by Federal and state utility regulators.

In recent years, CHP/DG operators have been able to purchase commodity natural gas either
directly from their local distribution utility, or from competitive nonutility suppliers, to be
delivered through their local distribution utility at regulated delivery rates. Gas purchases from
competitive suppliers may provide more flexibility and more opportunities for savings, but like
other competitive purchases, they may entail higher risks as well. On the other hand, gas
purchases directly from local distribution utilities are generally at regulated rates tied directly
to the utility’s cost of service (rather than allowed to fluctuate according to their value in
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competitive markets), and averaged across classes of utility customers (rather than individually
negotiated).

10.3 Energy Outputs in CHP

Electricity

By definition, CHP and DG plants supply electricity. Electricity supply, in general, is regulated by
the Federal government (mainly under the Federal Power Act and the Public Utility Holding
Company Act), and by every state (under statutes establishing state public utility commission
jurisdiction).

For those considering CHP/DG, it is important to understand that:

e Federal jurisdiction is limited to facilities used for transmission (as distinct from local
distribution), or wholesale sales of electricity, in interstate commerce;

e State jurisdiction has focused on generation and local distribution, and typically is
limited to entities that produce and deliver electricity ‘to the public’ or ‘for public use’

(i.e., the public at large, as distinct from selected customers under individual contracts).

These concepts are key to understanding the impact of both traditional regulation and electric
restructuring on CHP/DG.

Heating & Cooling

Federal law does not establish a regulatory scheme for thermal output from CHP or other DG
plants, but many state laws do. These state laws typically apply to the production and
distribution of ‘steam’ or ‘heat.” They are part of the same statutory scheme that confers state
regulatory jurisdiction over other utility commodities and services (electricity, natural gas,
water, etc.) that are furnished ‘to the public’ or ‘for public use,” but not otherwise.

As is true for electricity, whether thermal energy is provided for a ‘public use’ in most states
depends ultimately on whether it is offered for sale to the general public, or to some more
circumscribed groups or individuals under negotiated contracts. The application of this
standard to specific situations varies considerably from state to state. The important thing is
that the use of thermal energy from CHP/DG plants to heat or cool other facilities may render
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the plant’s owners ‘public utilities’ subject to state regulation, at least where restructuring
legislation has not altered the historic jurisdiction of state utility regulators.

10.4 Role of Regulation in CHP

Whether operating in states with traditional regulatory regimes or states that have adopted
restructuring, regulation can profoundly affect CHP/DG projects. For example, under traditional
state laws, CHP/DG projects whose economics depend on electric or thermal sales to off-site
users or multiple customers, can find themselves ‘public utilities,” subject to full-scale
commission regulation—including setting of rates, supervision of service, access to company
books and records, and control over securities issuances. For CHP/DG owners serving only a few
users, the costs and complexity of regulation can overwhelm any possible benefits from
operations.

On the other hand, some traditional laws exempt cogeneration, renewable or other preferred
resource facilities engaged in limited distribution, or whose energy sales are merely ‘incidental’
to their main business, and some restructuring laws now exempt all electricity sales directly to
retail customers under contract. These kinds of provisions offer CHP/DG owners much greater
flexibility to size their projects and to operate them efficiently.

Another example of the significance of regulation for CHP/DG is in the area of supplemental,
standby and backup rates charged by utilities to customers employing CHP/DG. These are the
rates utilities establish, and regulators approve, for delivering power needed by a customer
beyond what its CHP/DG facility produces; for ensuring power during planned maintenance
outages of the customer’s generation facility; or for providing emergency power during
unplanned outages.

Historically, some vertically integrated utilities have discouraged their customers from installing
their own generation in competition with utility-owned generation by setting these rates at
levels that make it uneconomic for customers to operate CHP/DG facilities. Restructuring
removes generation functions from the regulated utility, but these practices nevertheless
persist under rate designs that compensate distribution-only utilities based on how much
energy flows through their systems (preserving historical disincentives to set supplemental,
standby and backup rates that make self-generation feasible and possibly reduce throughput).
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The relation of such rates to the rates the utility charges non-generating customers, and the
standards regulators use to set them, can easily make the difference between an economic
CHP/DG project and an uneconomic one.

Even where regulation does not apply directly to CHP/DG projects, it shapes the commercial
environment that determines their economic viability and their value. For example, most
restructuring initiatives require as part of the transition from regulation to competition, that
utility customers pay substantial charges to cover ‘stranded’ generation costs incurred by
utilities under regulation, but unrecoverable in competitive markets. During the transition
period (which may last for years), customers usually are required to pay these ‘stranded cost’
charges to the utility even if they choose to install their own, more efficient CHP/DG solutions—
nullifying any economic advantage from CHP/DG installations, and removing any commercial
incentive to pursue them.

These are just a few examples of how regulation impacts CHP/DG deployment. The important
point here is that regulation directly impacts not only the sizing and configuration of CHP/DG
installations, but their economic viability relative to competing energy solutions.

10.5 Looking at the Traditional Regulatory Framework

The ‘traditional’ regulatory framework described here refers to the structure of law and
regulation applied to U.S. electric utilities from the 1930s into the 1990s. It remains in place in
states that have not restructured their electric industry (about half of the states), and elements
of it remain even in states that have restructured or are in the process of doing so.

The traditional framework rests on the theory that electric utilities are ‘natural monopolies.” To
economists, this means that a single firm can supply the market with electricity at a lower cost
than could several competing firms, by capturing economies of scale unavailable to smaller
producers. This was generally considered to be the case when utilities were vertically
integrated, generation investment represented their greatest cost, and larger and larger
generating technologies continued to deliver economies of scale (circumstances that no longer
exist for most utilities).

Under these conditions, states have been willing to sanction monopoly electricity providers. In
return, and in order to protect the public from monopoly abuses, state law has defined these
providers as ‘public utilities’ subject to comprehensive regulation of their rates and services by
state utility commissions.
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The state-sanctioned monopoly typically takes the form of an exclusive right to provide electric
service within a defined geographic territory. Within that territory, other electricity providers
cannot offer competing services, and consumers cannot access electricity from any provider
other than the utility. The utility’s exclusive right to serve does not preclude others from
generating power in the territory, but it generally does preclude them from selling it to others.

Many states provide exceptions to these basic propositions, but they are narrow ones. They
may permit limited distribution or sale of electricity from preferred generation resources such
as cogeneration, landfill gas, biomass, or other nonconventional power sources (or of heat from
renewables such as solar or geothermal). Often these exceptions are limited to furnishing
power for the producer’s own use or that of its tenants or affiliates, or for use by one or two
others on contiguous private property. Occasionally they permit sales of surplus power or heat,
incidental to the supplier’s main business.

Apart from these limited exceptions, however, the characteristics of traditional electricity
regulation that most directly impact CHP/DG are as follows:

e Vertically integrated utilities provide monopoly electricity services within defined
geographic territories;

e Other providers cannot compete to sell or deliver electricity in those territories;
e Consumers cannot choose an electricity supplier other than the utility; and

e Regulators set utility rates, which are based on utility costs to provide the service rather
than on its value to customers.

10.6 Looking at the Emerging Regulatory Framework

The first significant change in the traditional regulatory framework resulted from the ‘energy
crises’ of the 1970s. Responding to mid-1970s’ oil shortages, in 1978 the U.S. Congress enacted
the Public Utility Regulatory Policies Act, commonly known as ‘PURPA.” PURPA authorized and
encouraged the beginnings of competition in electricity supply by removing important barriers
to the development of cogeneration facilities meeting certain operating and efficiency
standards, and of small power production facilities using renewable resources.
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To open up markets for electricity from these sources, PURPA required electric utilities to
purchase their output at the utility’s ‘avoided cost’ - i.e., the cost the utility otherwise would
have incurred to produce the power itself or to buy it from others. To prevent utility
discrimination against emerging competitive cogenerators and renewable resource suppliers,
PURPA also required utilities to provide them with backup, maintenance and supplemental
power on the same terms the utilities charged customers without their own generation.
Through these mechanisms, PURPA helped create a robust cogeneration and renewable
resource industry. But the competition it spawned was limited to wholesale power sales into
the utilities’ grids: retail power sales to end-users remained the exclusive province of state-
regulated investor-owned utilities and self-regulated municipal utilities, and end-users
remained dependent on monopoly providers for electricity services.

When PURPA was enacted, it appeared that oil prices would continue to rise dramatically, and
that the cost of power generation that relied largely on oil and gas would continue to spiral
upward, making it attractive for cogenerators and renewables producers to sell to utilities at
the utilities’ avoided costs. But oil and gas prices—and thus utility avoided costs—began to fall by
the mid-1980s. By the early 1990s, the returns available from wholesale power sales at utility
avoided costs were no longer sufficient to support investment in cogeneration or small
renewables projects in many cases. PURPA remains on the books for now, despite increasing
calls for its repeal. Nonetheless, the realities of low avoided cost payments and changing energy
markets have rendered it a dead letter in many areas of the country.

10.6.1 Broadening Wholesale Competition: The 1992 Energy Policy Act and IPPs

By the late 1980s, investor interest had shifted toward large (often 400 MW or greater)
combined cycle, electric-only plants owned by nonutility, independent power producers
(“IPPs’). These plants did not qualify as PURPA cogeneration or small power production facilities
and so were not entitled to PURPA’s avoided cost or other benefits. However, they typically
produced cheaper power that could compete favorably with utility-owned generation in
wholesale markets.

The emergence of low-cost power from these non-utility IPPs in the late 1980s gave further
impetus to the idea that competition could lead to lower-cost electric generation, and
contributed to Congressional enactment of the Energy Policy Act of 1992. The 1992 Act opened
the door further to wholesale competition by requiring transmission-owning utilities to provide
nonutility generators with open access to their interstate transmission systems for wholesale
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power sales, on terms and at prices comparable to those available to the utilities’” own
generation units.

These principles have since been implemented through orders of the Federal Energy Regulatory
Commission (FERC), and nondiscriminatory open access to transmission became available in
practice to large nonutility generators beginning in 1996.

10.6.2 Moving Toward Retail Competition: State Electricity Restructuring Initiatives

As the FERC moved to implement wholesale competition under the 1992 Act, state utility
commissions and legislatures with jurisdiction over utility generation, retail sales and local
distribution systems began to consider competitive models for those activities as well. State
efforts to restructure the electric industry proceed from the premise that the generation
component of electric service is no longer a ‘natural monopoly,” and no longer needs or justifies
special regulatory protections.

Some economists argued from the start that electric utilities were not really natural
monopolies. In the mainstream, however, there was little disagreement that all three segments
of the industry, and thus the industry as a whole, were a natural monopoly during its first few
decades. By the 1970s, many argued that economies of scale in power generation had come to
an end, while transmission and distribution remained natural monopolies. Hence, the simple
reasoning went, generation need no longer be regulated, although regulation of the other two
stages of the industry should continue. Most observers now believe that the generation stage
of the industry has lost enough of its economies of scale to qualify for deregulation.

Stated differently, the argument is that the justification for state-sanctioned generation
monopolies has disappeared. Restructuring therefore aims to eliminate special monopoly
protections and resultant regulatory controls to allow electric generators to compete for retail
customers, and customers to choose their generation suppliers and services.

Achieving these objectives has turned out to be a complex undertaking for a number of
reasons. First, most U.S. investor-owned utilities have been vertically integrated: they own and
operate generation facilities, high-voltage transmission systems to transport power over long
distances, and lower-voltage local distribution networks to serve end-use customers. To make
generation competitive while continuing to regulate transmission and distribution, generation
must somehow be separated from the other two utility functions (through asset divestiture or
structural separation into a different company).
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Second, to the extent that allowing generation competition deprives utilities of earnings fairly
expected on generation assets they built to meet regulatory obligations to serve the public,
then utilities must somehow be compensated for ‘stranded’ generation costs that become
unrecoverable in competitive markets.

Third, separating the ownership and operation of generation from that of transmission and
distribution does not change the physical reality that generation output must still be delivered
to energy consumers. Where the generating facility is physically located on the site where its
output is used, delivery is not an issue. But most existing generation in the U.S. consists of large
central station plants remote from the populations they serve, and most electricity delivery
occurs across utility-owned transmission and distribution systems. Even local generation
facilities situated across town or down the street from their end-users may find it most efficient
to deliver electricity through utility-owned and controlled wires systems. In either case, most
generators need open access to wires delivery systems to reach competitive markets for their
services.

Consumers who choose to rely on competitive generators may likewise need continuing access
to utility wires to supplement, back up, and/or permit routine maintenance of their generation

supply.

A fourth consideration for restructuring is that regulated utilities have long served as
institutional vehicles to implement energy policies favoring conservation, energy efficiency, and
renewable resources.

Unrestrained competition among generators will likely disadvantage some of these higher-cost
emerging technologies in the short run. Restructuring efforts have recognized that emerging
efficiency and environmental technologies warrant continuing support, and most legislation has
retained some measures to encourage them.

Finally, although restructuring legislation usually deals comprehensively with the issues just
outlined, it may not fully reconcile or conform them with existing state utility laws. This leaves
room for interpretation and confusion as to the relationship of earlier laws still on the books to
new restructuring schemes.
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10.7 Restructuring of Electricity in the U.S.

As noted above, U.S. interest in electricity restructuring at the state level began in earnest in
the mid-1990s. In 1994, California’s regulatory commission staff published one of the first wide
ranging discussions of restructuring issues, followed by a more refined version the next year.

Other states’ regulators initiated investigations beginning at about the same time, and the first
legislation to implement restructuring (also referred to as ‘deregulation’ or ‘retail choice’)
emerged in 1996.

Only four years later, about half the states have enacted some form of electricity restructuring
legislation. Most of the others are considering it or in the process of enacting it, or their
commissions have issued administrative orders addressing restructuring.

Although certain basic features are common among states that have adopted restructuring
legislation, the legislation varies greatly in scope and complexity. Legislative provisions are
often subject to state utility commission interpretation and implementation, which also varies
widely by state. In addition, many of the new provisions have yet to be fully implemented, and
energy markets are changing rapidly as fuel prices change, new participants and technologies
emerge, and competition takes hold. For these reasons, the impacts of restructuring on
CHP/DG development are anything but uniform or static: they will vary considerably by locale
and over time as new rules are adopted and implemented. Still, it is possible to identify general
topics common to many restructuring schemes that are likely to impact CHP/DG decisions, and
to describe some of their implications for future CHP/DG development.

10.8 Restructuring Challenges in CHP

Restructuring initiatives generally focus on broad issues involved in transitioning from
regulation to competition. To the extent they address CHP/DG, it is only as one facet of a larger
competitive generation market, currently dominated by multi-megawatt merchant plants
designed to sell power into the transmission grid, or through it to the utilities’ largest
customers.

Until now, at least, most CHP/DG plants in the U.S. have been designed mainly to meet the
needs of their site or site host. They have been less oriented toward supplying power or heat to
other users, in part because traditional regulation has usually made those options difficult,
costly and impractical. So long as CHP/DG projects consume all of their electric and thermal
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outputs on-site; do not distribute or sell to persons other than the facility owner; and do not
rely heavily on the grid for backup, supplemental, or maintenance power, restructuring will
impact them mainly through its effect on energy markets and prices generally. However, to the
extent that competitive generation and access to distribution expands opportunities for
community energy systems, district heating and cooling, or retail sales of electricity and
thermal products, restructuring can more directly influence CHP/DG choices.

Implementation of Retail Choice

As indicated previously, states are in various stages of considering and adopting restructuring
initiatives that allow retail electricity customers to choose their generation suppliers. Among
the states that have so far adopted legislation or comparable administrative orders,
implementation dates vary widely, from as early as 1998 to as late as 2004. So too do
approaches to phasing in choice for different classes of customers as each state transitions
toward full competition. Moreover, phase-in dates for retail choice have often been delayed by
legal challenges over other matters integral to state restructuring schemes (most often the
treatment of utility stranded generation costs).

Table 39: Key Restructuring Issues Affecting CHP/DG

Issue Description
5.1 Implementation of retail choice When will end-users be free to choose competitive generation suppliers,
including CHP/DG providers?
5.2 Separation of utility generation Must utilities separate competitive generation from regulated delivery
functions & divestiture of assets functions, and must they divest their generating assets to achieve that?
5.3 Open access & comparability Can nonutility generators and end-users access utility distribution systems
for utility distribution services for their own transactions, with reasonable prices and delivery terms?
5.4 Utility's obligation to serve & Will utilities retain their traditional obligation to serve any customer who
its status as ‘default provider’ applies for service, and what services will they be obligated to provide?

Will utilities remain responsible to serve customers who do not choose
other generation suppliers?

5.5 Liability for transition charges Will utilities be compensated for generation costs that become
uneconomic in competitive markets? If so, who will pay and under what
conditions?

Does restructuring legislation treat users of CHP/DG any differently than

5.6 Special treatment for CHP/DG, other energy users or ather utility customers, and, if so, in what ways?

renewables & other technologies

5.7 Transitional rate reductions How will restructuring impact utility rates during the transition to fully
& post-transition rates competitive retail generation markets, and once the transition ends?
Source: EPRI
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Some states have set a single date by which all customers of regulated utilities are able to
choose their generation suppliers, and by which distribution access and other restructuring
elements are to be in place. Other states have phased in customer choice over periods of
months or years, usually beginning with larger industrial and commercial customers and
phasing in residential customers over time. Still others have phased in competition by allowing
a fixed percentage of each utility customer class to choose their suppliers in each of several
time periods.

Since states vary so widely in their implementation approaches and their schedules often
change as they transition toward competition, it is impossible to generalize much further than
this. The best source of current information on individual states” implementation schedules is
the worldwide web, where a number of electricity restructuring sites continually update this
information.

Separation of Utility Generation Functions & Divestiture of Assets

Restructuring initiatives recognize that utilities which continue to own, operate and derive
revenues from their own generation, face inherent conflicts of interest in providing distribution
services to nonutility generators competing for the utilities’ once-captive customers.

Restructuring schemes seek to eliminate or neutralize such conflicts through several
mechanisms. One mechanism, discussed in this section, is to eliminate conflicts by removing
their source - i.e., by removing generation functions from the utility through regulatory
treatment, corporate reorganization, or divestiture of generation assets, and allowing the utility
to retain only its delivery functions (distribution and, in some cases, transmission). Other
mechanisms attempt to ensure that those delivery functions are carried out in ways that do not
hinder or discriminate against nonutility generators competing with whatever generation
functions the utility may retain.

States have followed several approaches to separate generation from other functions of a
regulated utility. One is for commissions to allow the utility to retain generation assets and
operations within the regulated utility company, but not to consider generation-related costs or
revenues when setting utility rates. This approach (referred to as ‘functional’ separation)
effectively treats utility-owned generation as a competitive, ‘nonutility’ business within the
utility, not supported by utility ratepayers, and not subject to commission-set earnings limits.
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Another approach (‘structural’ separation) is to require that generation assets and operations
be transferred to a legally distinct corporate entity, sometimes a subsidiary but more often an
affiliated corporation under the utility’s parent holding company (if it has one), with financial
implications similar to those just described. Although legally speaking this amounts to
divestiture of utility generation assets, the term divestiture is perhaps more commonly used to
describe situations where the utility sells or transfers such assets to an unrelated third party.

Restructuring legislation commonly requires or at least permits functional separation, and
sometimes structural separation through divestiture of generation assets. Arizona law, for
example, declares state policy favoring competitive generation and confirms its commission’s
authority to “not consider the profits or losses associated with electric generation service when
regulating electric distribution service.” lllinois authorizes its commission to “adopt rules
requiring functional separation between the generation services and the delivery services” of
[llinois utilities, and “between an electric utility’s competitive and non-competitive services.”

States also differ with respect to structural separation or divestiture. For example,
Pennsylvania’s commission “may permit, but shall not require, an electric utility to divest itself
of facilities or to reorganize its corporate structure.” New Jersey’s commission can require
electric utilities either to functionally separate non-competitive business functions from
competitive generation services, or to divest some or all of their generation assets and
operations to unaffiliated companies. Michigan goes further by requiring an electric utility that
controls more than 30% of the generating capacity in a relevant market to either divest its
excess capacity, or to contract to sell it to a nonretail purchaser or transfer it to an
independent, unaffiliated brokering trustee for at least a five-year term.

California law illustrates another approach to the question of separating generation from
regulated distribution activities. It provides that if a public utility wants to retain ownership of
generation assets within the distribution utility, then it must demonstrate to the commission’s
satisfaction that this would be ‘consistent with the public interest’ and would not ‘confer undue
competitive advantage.” This approach places the burden squarely on the utility to overcome
anticompetitive concerns. But whatever approach is used, the intent of all of them is to reduce
or eliminate any incentive the utility might otherwise have to discriminate against competing
generators and in favor any generation it might retain.
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Open Access and Comparability for Utility Distribution Services

Unless a user’s generation supply is located on its own site, at least two additional conditions
need to be met to ensure meaningful competition. First, users and competitive generation
providers need legal and physical access to distribution lines running to and from user sites so
that electricity and related services can be delivered. Second, they need some assurance that
the utility in control of those lines will provide and price its distribution services in ways that do
not discriminate against users who choose to take generation from other sources, or against
nonutility suppliers who provide that generation.

Utility’s Obligation to Serve and its Status as ‘Default Provider’

Traditional regulation grants utilities the status of monopoly providers within exclusive
geographic territories, in return for which utilities assume a legal obligation to serve anyone
who applies for service within the territory. By sanctioning competition in what historically have
been monopoly territories, restructuring raises questions as to whether the utility will have any
continuing obligation to serve customers who are free to choose other suppliers, and what the
nature of that obligation will be. What services might it be obligated to provide? Will it continue
to be the provider of last resort (‘default provider’) for those who cannot or do not choose
other suppliers? For CHP/DG facilities, will the distribution utility continue to be available and
responsible to provide power to supplement their production, to supply emergency backup,
and/or to serve load during scheduled maintenance outages?

Restructuring initiatives typically address the existence and nature of the utility’s continuing
obligation to serve, although specifics vary as they do on other key issues. One approach is
simply to extend the utility’s normal obligation to serve for a specified time, subject to later
commission review. New Jersey, for example, requires electric utilities to continue to provide
"basic generation service" (i.e., regulated service for customers who do not or cannot obtain
service from alternative suppliers) for at least three years after the start of retail choice, and
until the commission finds that this is no longer necessary or in the public interest.

Other states also recognize the changing nature of the distribution utility’s obligation to serve,
and redefine it to be more consistent with the utility’s evolving role to facilitate competitive
generation markets. New Hampshire’s statute, for example, clearly states that ‘A utility
providing distribution services must have an obligation to connect all customers in its service
territory to the distribution system,” but it does not establish a similar obligation to produce,
acquire or deliver power to customers. lllinois generally obligates electric utilities to continue
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offering the regulated services they offered prior to restructuring until those services are
declared competitive, but it also obligates them to offer regulated delivery services, certain
power purchase options, and real-time (hourly or periodic) pricing consistent with customer
needs in competitive markets.

Special obligations to serve are often established for residential and smaller commercial
customers expected to possess less leverage than larger customers in competitive markets. In
lllinois, for example, utilities must continue to offer ‘bundled’ services to these customers,
albeit at market-based rather than cost-based prices for components (notably generation) that
the lllinois commission declares competitive. Other states require their regulated utilities to act
as ‘the supplier of last resort’ for generation services for low-usage customers unable to obtain
service from other generation suppliers.

Liability for Transition Charges

To fulfill their traditional legal obligation to serve customers, vertically integrated utilities
historically made large investments in central station generating plants designed to serve the
public. Traditional regulation virtually assured them recovery of those investments by barring
competition within their service territories, and setting cost-based rates designed to yield a fair
return on their investments. Restructuring threatens recovery of utility generation investments
by removing traditional barriers to competition, and by allowing market forces to determine
investment returns. These changes undermine utility expectations of recovering prudently
incurred costs, and arguably violate the regulatory compact underlying historic generation
investments.

Restructuring legislation recognizes this, and uniformly establishes mechanisms to compensate
utilities for generation costs that become uneconomic and unrecoverable (i.e., ‘stranded’) in
competitive markets. These mechanisms are referred to as ‘stranded cost’ or ‘competitive
transition’ charges. They take various forms, but their effect is to impose additional charges on
energy consumers who continue to take any form of service from the utility. These charges may
persist until a specific date established by state legislation, or until the utility recovers its
historic generation costs, or until the transition to full competition is complete.

Special Treatment for CHP/DG, Renewables, and Other Technologies

Many state restructuring laws provide special treatment for certain on-site or self-service
generation (including cogeneration or CHP), and/or for generation employing renewable
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resources. Such treatment may take the form of exemptions from transition charges or from
public utility regulation that could otherwise apply, and may include other provisions favoring
specified types of CHP/DG.

Transition Charge Exemptions

Exemptions from transition charges are common for self generation or cogeneration, and/or for
renewables and other preferred resources. California’s 1996 restructuring law, for example,
affirmed the state’s policy to encourage cogeneration as ‘an efficient, environmentally
beneficial, competitive energy resource that will enhance the reliability of local generation
supply.” It directed California’s utility commission to exempt from transition charges load
served on-site or over-the-fence by certain cogeneration equipment that was operational or
committed to by specified dates, as well as load served by some emergency generation
equipment. California also exempts from transition charges certain ‘changes in usage’ by
customers that result in reduced purchases of utility-supplied power. Among others, these
include changes resulting from modifications to customer production equipment, operations,
or processes; fuel switching, including fuel cells; and increased efficiency or replacement of
certain cogeneration equipment.

Illinois law offers another example of transition charge exemptions for self-generation and
cogeneration facilities that meet specified criteria. It prohibits the state’s utilities from imposing
transition charges on electricity taken by a retail customer from cogeneration or self-generation
facilities:

1. Located on the customer’s premises and serving only that customer;

2. Sized for the customer’s electrical load or, in the case of cogeneration facilities, sized for its
thermal load and meeting PURPA operating and efficiency standards;

3. As to which the customer has an exclusive right to receive all the electric output, or for
cogeneration facilities, an ‘identified’ amount, for at least a 5-year period; and

4. In the case of cogeneration facilities sized for the customer’s thermal load, any excess
electricity is sold at wholesale and subject to FERC jurisdiction.

Illinois customers served by cogeneration or self-generation facilities that do not meet these
criteria generally are subject to transition charges on all power taken from their own facilities as
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if the utility had supplied it, through at least December of 2006. The law provides an exception
for industrial customers taking power from their own self-service facilities installed before
January 1997, or which are fueled by byproducts from their manufacturing process and sell
more than 300 average megawatts into wholesale markets.

Like Illinois, New Jersey exempts from transition charges ‘electricity sold solely to the on-site
customer of an on-site generating facility,’ but the exemption will end if aggregate sales
displace customer purchases exceeding 5% of the utility’s 1997 gross revenues.

Utility Regulatory Exemptions

In addition to transition charge exemptions, restructuring legislation may create or expand
exemptions from ‘public utility’ status and resulting regulation for certain types of self-
generation and cogeneration. As noted earlier, many states’ traditional utility laws provide
limited regulatory exemptions for these resources, usually based on public policy favoring
energy efficiency and renewable resources. Restructuring legislation, in order to advance public
policy favoring competitive generation, sometimes expands these exemptions or establishes
new ones.

Transitional Rate Reductions and Post-Transition Rates

Most state restructuring initiatives include provisions designed to freeze rates at pre-existing
levels or to reduce them for at least some classes of utility customers during the transition to
competition. These rate protections are significant here, not because they apply differently to
customers with CHP/DG than to others but because, like transition or stranded cost charges,
they can shape the competitive landscape for CHP/DG relative to other user options.

One of the first state electricity restructuring laws, New Hampshire’s 1996 statute, observed
that the state suffered from the nation’s highest electric rates, and that the most compelling
reason to restructure electric utilities was to reduce consumer costs by harnessing competitive
forces. The legislation established the policy principle that its utilities ‘in the near term, should
work to reduce rates for all customers’, but left it to the public utilities commission to
implement this principle.

Most restructuring legislation has been much more specific. For example, Pennsylvania’s 1996
restructuring act caps electric utility rates for periods extending as late as 2005. Total charges
to customers who continue to buy utility generation (bundled customers), and nongeneration
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charges to customers who buy generation from others, are capped at 1996 rates until mid-
2001, or until the utility is no longer recovering transition costs and its customers can choose
other suppliers. In addition, the generation component charged to bundled customers is
subject to the 1996 rate cap through 2005, or until the same conditions are met.

Other state restructuring laws go beyond capping rates to require actual rate reductions during
the transition to full competition. lllinois legislation, for example, generally directs the Illinois
commission not to increase or decrease rates from 1997 through 2004, but it creates significant
exceptions. The most important is a directive to the state’s larger utilities to reduce residential
base rates by at least 15% below 1997 rates, and for the largest utilities, to reduce them an
additional 5% beginning in 2001 or 2002 (depending on the utility).

Other states require comparable rate reductions, at least for smaller customers and sometimes
for all customer classes. Thus, for example, California law provides for reductions of 10-20%
below 1996 rates for residential and small commercial customers from the start of retail access
in 1998 through 2002. New Jersey’s 1999 legislation requires its electric utilities to reduce
aggregate rates for each customer class to at least 5-10% below 1997 rates, and authorizes the
state Board of Public Utilities to order further reductions. For its largest utilities, Michigan
mandates a 5% residential rate reduction and caps other rates at May 2000 levels from that
date through 2003 (2005 for small commercial and manufacturing customers). After 2003, rates
remain capped until 2014 or the date when the utility meets a ‘market test’ establishing that it
controls less than 30% of the relevant generation market or has divested, sold, or transferred
certain excess generation capacity.

Rate caps, rate freezes, and rate reductions enacted by these and other restructuring statutes
are transitional. As these examples illustrate, they are designed to end on specified dates or on
the occurrence of specified conditions. While they remain in force, they have the effect of
maintaining or reducing the amount that customers will need to pay their utilities for at least
the generation portion of rates, regardless of the current cost of generation or the market value
of power. This is clearly of benefit to eligible customers in the short term, but it can reduce the
relative attractiveness of alternative sources such as CHP/DG that may actually be more
competitive than utility generation in the longer run (i.e., once mandated rate protections
expire).

Once rate protections and transition or stranded cost charges expire and truly competitive
generation markets emerge, CHP/DG will need to compete with other generation sources on
the merits. Its success will likely depend on the extent to which it can add value beyond the
pure ‘commodity’ value of electricity - e.g., in the form of heating and cooling, reliability,
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redundancy, power quality, or similar characteristics—and on the post-transition rate designs
that commissions adopt.

However, one of the most important issues for CHP/DG will be the extent to which distribution
rates accurately reflect incremental costs to expand or upgrade utility distribution systems.
Where they do not, CHP/DG benefits will continue to be limited primarily to site hosts, and
projects valued accordingly. Where distribution rates do reflect utility expansion costs and
provide clear price signals to customers who can help defer or avoid those costs, CHP/DG
proponents will know where and when their projects add value to grid operations and may be
able to leverage that value for the benefit of site hosts and others.
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11. CHP and Energy Portfolio Standards

11.1 What are Energy Portfolio Standards?

Energy portfolio standards (EPS) are becoming a widely accepted method of encouraging the
development of renewable and efficient energy resources. The most commonly implemented
portfolio standards are renewable portfolio standards (RPS), although there is increasing
discussion about Energy Efficiency Resource Standards (EERS).

An RPS requires electric utilities and other retail electric providers to supply a specified
minimum amount of customer load with electricity from eligible renewable energy sources.
This amount usually begins as a small percentage of the total electricity load that increases
gradually over time (e.g., 5% by 2010, increasing 1% per year to 15% by 2020).

Most EPSs have been established within the last five years, with 10 states enacting RPS policies
in 2004 and 2005 alone. The type of resources that are eligible under an RPS or EPS varies by
state. Most states include renewable resources such as solar, wind, small hydropower and
ocean/tidal/thermal systems, biomass, and landfill gas. Some states also include advanced
technologies, such as fuel cells, that possess beneficial energy and environmental attributes. In
addition, states are increasingly recognizing the energy, environmental, and economic benefits
of energy efficiency and combined heat and power (CHP), and are including these technologies
in expanded or alternative EPS policies.

For example, some states, like Connecticut, are promoting a variety of energy efficient
technologies in their EPS policies through a system of different technology classes or tiers; each
tier requires a specific percentage or amount (in megawatts) of energy production to come
from specified renewable or efficient technologies.

Connecticut and Pennsylvania have both included energy efficiency and CHP in a separate tier
in their EPSs. Six states—Connecticut, Hawaii, Maine, Nevada, Pennsylvania, and Washington—
include CHP and/or waste heat recovery as an eligible resource, with Arizona explicitly including
renewably fueled CHP systems. CHP, also known as cogeneration, is the simultaneous
production of electricity and heat from a single fuel source such as natural gas or
biomass/biogas. CHP systems offer considerable environmental benefits when compared to
traditionally purchased electricity and onsite-generated thermal.
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11.2 Role of RPS

States have recognized the increasing need to encourage efficient and nonpolluting sources of
energy. RPSs are the favored approach for most states because they can stimulate market and
technology development using a cost-effective, market-based approach that is also
administratively efficient. Most RPS requirements work through the application of a trading
program in either the state or on a regional basis.

Qualifying renewable resources receive a certain number of certificates per year, usually based
upon their generation (e.g., 1 megawatt-hour [MWh] = 1 certificate). These certificates are
most often referred to as renewable energy certificates (RECs). Renewable energy generators
can then sell RECs to electricity suppliers, such as large utilities, that must also fulfill the RPS.
RECs not only generate revenue for renewable generators, but they are the measure of
compliance for the RPS policy. REC trading programs provide flexibility and reduce
administrative program costs in several ways:

e Not every electricity supplier needs to develop and operate renewable generation
assets to comply;

¢ Independent renewable developers have access to the market;

e Renewable energy can be supplied from the most advantageous sites to electricity
suppliers throughout a state or a region.

RPSs often contain an alternative compliance mechanism under which an electric supplier or
distributor can pay a fee to the state if they are unable to procure a sufficient supply of RECs.
The Alternative Compliance Payment (ACP) is often set at a high level to encourage the
development of renewable projects. Payments to an ACP fund are usually used by the state to
promote the development of renewable projects. For example, in Massachusetts, the ACP goes
to the Massachusetts Technology Collaborative. This organization then uses the money to fund
clean energy and green buildings and infrastructure programs.

The clean energy program’s goal is to support community and utility projects that use wind,
solar, and bioenergy and to educate citizens about green electricity markets. The green
buildings and infrastructure program provides funding to renewable energy technologies in all
types of buildings. In Connecticut, the ACP goes to the Connecticut Clean Energy Fund to
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promote Class | and Class Il resources (new renewable generation) and to the conservation and
load management program to support Class lll resources (energy efficiency and CHP).

11.3 RPS States that Include CHP & States with CHP Experience

The inherent flexibility in RPS design allows states to identify and promote specific resources or
technologies that support their environmental, energy, and economic development goals. CHP
is one of the technologies that supports each of these goals. State EPS programs that include
CHP are summarized below.

11.3.1 California

Cogeneration is a success in California. More than 550 cogeneration plants currently operate
throughout the state, providing two-thirds of all the non-utility power generated in California.
With output of about 6,500 megawatts (MW) each year, California produces more cogen power
than any other state.

In California, cogenerators are spread throughout the state, powering commercial, institutional
and industrial facilities.

Distributed generation (DG) and cogeneration are seen by many as potentially attractive energy
resource options for California, both in the near-term and long-term. They can provide added
capacity to meet peak demand, provide additional energy supply, and can be integrated into
the current electrical infrastructure to reduce congestion. However, DG and cogeneration are,
in many regards, major departures from how energy is procured, generated, and delivered to
end-use customers. Therefore, policy issues need to be considered in a comprehensive,
integrated approach.

The current regulatory framework encourages DG through subsidies, incentives, and
recognition of DG in procurement and planning processes. Rules and regulations have been
developed and put in place that encourages some forms of DG. The current rate structure in
California is based on controlled averaged pricing. Externalities (for example, environmental
impacts and locational value) are not incorporated into these rates. This approach assumes,
from the customer’s perspective, all electrons have the same value regardless of how, when,
and where they were generated.

857
11. CHP and Energy Portfolio Standards



U.S Clean Energy Sector Opportunities

Lack of a price signal that will change customer behavior undervalues the environmental,
temporal, and locational aspects of many resources, including DG and cogeneration. In
addition, the California Independent System Operator (California 1SO) rules (for example, high
DG aggregation requirement and metering requirements) highly discourage DG and
cogeneration customers from participating in wholesale markets.

Large cogeneration is a major component of the generation fleet in California, serving about
15% of the peak demand in California. Most of these systems are long established and provide
heat and electricity to industrial applications such as petroleum refining, paper, food processing
and primary metals. Other significant cogeneration exists in the commercial sector for
wastewater treatment facilities. Despite being a mature industry, the cogeneration industry
struggles to sustain itself in California primarily due to market and some institutional barriers.

The DG industry is still a nascent industry that survives despite some difficult market conditions.
There are numerous institutional, industry and market barriers that have impeded the growth
and adoption of DG to date. Due to low penetration rates, DG installations do not have a large
impact on, nor is it integrated with, the state’s electric and natural gas infrastructures.

Although DG’s potential is recognized, it is not currently a significant energy resource. The
current DG penetration is 2.5% of total peak demand in California. As a result, many projects
are highly customized and rely on incentives. The industry is fragmented with many small
developers installing PV and natural gas engines provided by large equipment suppliers.

11.3.2 Connecticut

The Connecticut RPS was originally promulgated in 1998 and started in 2004, establishing
requirements for two classes of renewable generating resources. In June 2005, Connecticut
passed “An Act Concerning Energy Independence,” establishing a new RPS Class Ill that must be
fulfilled with CHP, demand response and electricity savings from conservation and load
management (CL&M) programs. The new standard will require electric suppliers and
distribution companies to obtain 1% of their generation from Class Ill resources beginning in
2007 and increasing by 1% per year until leveling out at 4% in 2010 and thereafter. The total
RPS requirement started at 4% in 2004 and will rise to and remain at 14% in 2010 and
thereafter (including the new Class Il1).

The Connecticut Department of Public Utility Control (DPUC) released its final decision
regarding the implementation of a Class Il standard on June 28, 2006, in Docket No. 05-07-19.

858
11. CHP and Energy Portfolio Standards



U.S Clean Energy Sector Opportunities

The final decision outlines requirements for accreditation of savings from C&LM projects; CHP
efficiency and metering standards; environmental attribute management; qualifying demand
response (DR) activities; and certificate creation, allocation, and incorporation with the NEPOOL
GIS. The state had already established certain requirements for eligible CHP systems under “An
Act Concerning Energy Independence,” and an interim decision for Docket No. 05-07-19
released on February 16, 2006. Eligible CHP systems must be developed on or after January 1,
2006.

Existing units that have been modified on or after 2006 can earn certificates only for the
incremental output gains. A CHP system must meet a total efficiency level of at least 50%. The
sum of all useful electrical energy output must comprise at least 20% of the technology’s total
usable energy output. The sum of all thermal energy products must also constitute at least 20%
of the technology’s usable energy output. In the final docket decision, DPUC determined that
annual fuel-conversion efficiency and percentages of production will be assessed quarterly for
the first year after initial certification. After this first year, the CHP system must demonstrate
compliance with the efficiency requirements each quarter to qualify for RECs.

The final decision states that energy savings from DR activities are eligible for Class Il
certificates; however, the DR projects must be registered and participate in the region’s
wholesale electricity market administered by ISO New England, Inc. (ISO-NE). Concerning
environmental attributes, the DPUC considered not allowing the title to emission allowances
and certificates associated with Class Il projects to be transferred with the certificate.
However, after much discussion, the DPUC has decided to revisit this issue when it becomes
necessary; currently the Connecticut Department of Environmental Protection does not directly
award emission allowances or certificates to Class Il projects.

The final decision also addresses the creation, allocation and integration of Class Il certificates
in the NEPOOL GIS. C&LM projects must be quantified by the C&LM fund program
administrators following its monitoring and verification (M&V) plan and then must be filed in a
Connecticut RPS Qualification Application. Non-C&LM project owners must use licensed
professional engineers to verify savings. Before receiving approval for Class Il certificates by the
DPUC, DR and CHP project owners must first set up their own NEPOOL GIS accounts.
Independently funded C&LM project owners must also create their own GIS account.

Additionally, the final decision confirms that 100% of Class Il certificates from non-funded
C&LM, DR, and CHP projects will be granted to the customer or customer’s agent. Currently, no
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portion of the certificates will be distributed to the C&LM fund for administrative costs, and
projects that receive incentives through the C&LM will not receive Class Ill certificates.

11.3.3 Hawaii

Hawaii had a voluntary RPS from 2003 until June 2, 2004, but this changed to a mandatory
program with the passage of Senate Bill 2474 in 2004. This legislation set the RPS at 7% of net
electricity sales in 2003. The state was already generating 8.2% of net sales from renewables in
2004, which can be counted towards the total requirements. The RPS will increase to 8% in
2005, 10% in 2010, 15% in 2015, and finally 20% in 2020. The Hawaii Public Utility Commission
(PUC) has the authority to review the RPS every five years and potentially extend requirements
past 2020. The regulations, in reference to CHP, state that “use of rejected heat from co-
generation and combined heat and power systems excluding fossil-fueled qualifying facilities
that sell electricity to electric utility companies and central power projects” are considered
eligible generators.

In Hawaii, an electric utility company must fulfill the RPS requirement. However, electric
utilities and electric affiliates are allowed to combine their renewable portfolios to meet the
requirements. Thus, Hawaii’s program does not include a REC trading program as such. The
utilities must document their generation directly to show compliance.

11.3.4 Maine

Maine’s RPS started in 2000 and has the highest RPS requirement in the United States at 30%.
Maine passed legislation, L.D. 2041, in June 2006 creating a renewable portfolio goal for new
resources. The goal seeks to increase the share of new renewable energy capacity as a share of
total capacity to 10% by 2017. CHP is considered an eligible resource under its “efficient
resources” criterion. Maine takes a different approach to CHP than Connecticut, however,
allowing only existing CHP facilities to generate RECs. In Maine, CHP units must have been
installed prior to January 1, 1997; meet Federal Energy Regulatory Commission (FERC) rules as
“qualifying facilities”; and meet an efficiency requirement of at least 60% in order to qualify for
the RPS.
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11.3.5 Minnesota

Virginia Department of Public Utilities is located in Virginia, Minnesota along Minnesota’s iron
range. The utility was originally founded in 1892; the city of Virginia purchased the utility in
1912 and then began producing electricity and steam. The current power plant operates a 30-
megawatt CHP power plant that consists of three boilers and four turbines and burns primarily
western coal and natural gas, depending on the boiler.

Electricity is produced by the power plant to fulfill the demands of the steam system. The
steam district heating system supplies 2,500 customers including the downtown business area,
city public buildings, and south side and north side commercial and residential areas while the
electric system serves over 5,800 customers. Recent construction activities have forced the
closing of steam lines to particular neighborhoods, reducing the number of homes served by
steam heat. Overall, however, the CHP district heating system in Virginia has proven to be a
long lasting, and energy efficient success.

11.3.6 Nevada

While working on the electricity restructuring process in 1997, Nevada also established an RPS.
The RPS requirements began in 2005 and apply to the state’s two investor-owned utilities,
Nevada Power and Sierra Pacific Power. The RPS originally required a certain percentage of
total electricity sales from renewables. However, in 2005, the state revised the standard to
allow utilities to meet the standard through renewable energy generation (or certificates) and
energy savings from efficiency measures. The RPS percentage requirements increase 3% every
two years. For 2005 and 2006, the RPS is at 6%. This increases every two years to reach 20% in
2015 and thereafter.

CHP systems are eligible under the RPS as a “qualified energy recovery process.” Eligible CHP
units must be 15 MW or less, and only “the heat from exhaust stacks or pipes used for engines
or manufacturing or industrial processes” used to generate electricity is considered to be an
eligible CHP process. The most common type of CHP, which uses energy “from a process whose
primary purpose is the generation of electricity,” is excluded.

11.3.7 New York

New York State Energy Research and Development Authority (NYSERDA) recognizes the end-
user and societal benefits offered by DG/CHP as well as the risks and hurdles facing it, and in
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2000, it initiated a DG/CHP demonstration program to validate in-field experiences with a wide
array of CHP technologies. Having clearly demonstrated that certain technologies and
applications are reliably effective, in 2006, NYSERDA created a suite of CHP performance
programs to encourage wide scale adoption of proven systems.

NYSERDA’s support and proliferation of CHP technology have met with considerable success,
but NYSERDA has reached only the tip of the iceberg. There is much more that can be
accomplished using this energy saving technology. NYSERDA programs seek to: raise awareness
and adoption rates; improve equipment (especially integration into pre-packaged systems to
reduce costs, simplify installation, increase efficiency, minimize emissions, and improve
reliability); simplify interconnection of systems designed with stand-alone capability; improve
compatibility for operation using renewable fuels; and advance the new and emerging state-of-
the-art technologies such as fuel cells, Stirling Engines, Organic Rankine Cycle systems, and
microCHP sized for a single-family residence.

As of mid-2008, NYSERDA programs support and fund over 110 projects for the installation of
CHP at customer sites, and over 150 feasibility studies for CHP technologies, as well as
numerous product development projects and technology transfer studies. Collectively, these
projects represent a NYSERDA funding contribution of over $85 million, and at full-build these
systems will produce 153 MW of electricity. As of mid-2008, 54 projects are operational,
producing over 30 MW of electricity.

11.3.8 Pennsylvania

Pennsylvania’s Alternative Energy Portfolio Standard (AEPS) became effective in 2005 but
requirements did not have to be fulfilled until 2007. The system uses the PJM power pool’s
GATS to track qualifying generation for the program.

Pennsylvania has a tiered structure to its RPS, similar to Connecticut. Both new and existing
renewables are eligible as Tier | resources. In 2007, 1.5% of electricity sold must come from Tier
| sources. The standard increases to 2% in 2008. The standard will then increase 0.5% per year
so that in the 15th year of the program no less than 8% of electricity must come from Tier |
sources.

CHP is a Tier Il resource and is considered eligible under Pennsylvania’s definition as a
distributed generation system with thermal recovery. For years 1 through 4, 4.2% of electricity
sold must come from Tier Il sources, which also includes energy efficiency. This number
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increases to 6.2% for years 5 through 9; 8.2% for years 10 through 14; and 10% for year 15 and
thereafter.

11.3.9 Washington

Washington State passed a renewable energy standard (RES) by ballot initiative on November 7,
2006. This initiative, 1-937, has two separate components—one renewable and another for
energy efficiency. The initiative requires electric utilities that serve more than 25,000 customers
in the state to generate 15% of their electricity load from new renewables by the year 2020.
Electric utilities must also identify and meet separate energy conservation goals. As of 2005, 16
of Washington’s 62 utilities would be regulated under the RES. The RES starts at 3% of a utility’s
load for 2012—-2015, rising to 9% for 2016—2019; and then 20% from 2020 forward.

Renewably fueled DG with a capacity of not more than 5 MW is eligible under the RES. DG may
also be counted as double the facility’s electrical output if the utility owns the facility, has
contracted for the DG and associated RECs, or has contracted to purchase only the related
RECs. CHP systems are eligible under a conservation provision in the initiative. By January 1,
2010, and every two years thereafter, each affected utility is required to identify its “achievable
cost-effective conservation potential through 2019.”

Each utility must then issue an acquisition target to be met during the next two years. Utilities
can count high-efficiency cogeneration units with a useful thermal output of at least 33% of the
total energy output towards meeting their conservation targets.

A utility’s failure to meet the energy conservation or renewable energy targets will result in a
S50/MWh administrative penalty (adjusted annually for inflation) paid to the state (some
exemptions apply). The funds will be deposited in a special account for the purchase of RECs or
for energy conservation projects at public facilities, local government facilities, community
colleges, or state universities.

The Washington Department of Community, Trade and Economic Development (CTED) Energy
Policy division is working on implementing Initiative 937. The department has created two
separate working groups— one to implement the renewable requirement and one for energy
efficiency.
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12. DOE’s Distribution and Interconnection Research and
Development Activities

DOE’s Distribution and Interconnection R&D supports the development of technologies and
policies that enable distributed generation (e.g., photovoltaic systems, wind turbines, fuel cells,
and microturbines), storage, and direct load control technologies to be integrated into the
electric system. Through a collaboration of national laboratories and industry partners, DOE's
Distribution and Interconnection R&D pursues activities in: (1) strategic research, (2) technical
standards, (3) distribution system technology, (4) interconnection technology, and (5)
mitigation of regulatory and institutional barriers.

12.1 Renewable System Interconnection Study

The U.S. Department of Energy (DOE) launched the Renewable Systems Interconnection (RSI)
study during the spring of 2007. This study identifies the technical and analytical challenges that
must be addressed to enable high penetration levels of distributed renewable energy
technologies. Because integration-related issues at the distribution system are likely to emerge
first for PV technology, the RSI study focuses on this area with the goal of identifying the
research and development (R&D) needed to build a high-penetration renewable energy future
while enhancing the operation of the electricity grid.

The RSI study consists of 15 reports that address a variety of issues:
e Distributed systems technology development
e Advanced distribution systems integration
e System-level tests and demonstrations
e Technical and market analysis
e Resource assessment
e Codes, standards, and regulatory implementation.

Addressing grid-integration issues is a necessary prerequisite for the long-term viability of the
distributed renewable energy industry, in general, and the distributed PV industry, in particular.
The RSl study is one step on this path. DOE is also working with stakeholders to develop an R&D
plan aimed at making this vision a reality.
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As a result of the RSI study, the Solar Energy Grid Integration Systems (SEGIS) program was
initiated in early 2008. SEGIS is an industry-led effort to develop new PV inverters, controllers,
and energy management systems that will enhance distributed PV systems.

The individual RSI reports are available as Adobe Acrobat PDF downloads at
http://www1l.eere.energy.gov/solar/rsi.html

e Renewable Systems Interconnection: Executive Summary

e Distributed Photovoltaic Systems Design and Technology Requirements

e Advanced Grid Planning and Operation
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13. Industry Outlook

Combined Heat and Power (CHP) solutions represent a proven and effective near-term energy
option to help the United States enhance energy efficiency, ensure environmental quality,
promote economic growth, and foster a robust energy infrastructure. Using CHP today, the
United States already avoids more than 1.9 Quadrillion British thermal units (Quads) of fuel
consumption and 248 million metric tons of carbon dioxide (CO2) emissions annually compared
to traditional separate production of electricity and thermal energy. This CO2 reduction is the
equivalent of removing more than 45 million cars from the road. In addition, CHP is one of the
few options in the portfolio of energy alternatives that combines environmental effectiveness
with economic viability and improved competitiveness.

As an efficiency technology, CHP lowers demand on the electricity delivery system, frequently
reduces reliance on traditional energy supplies, makes businesses more competitive by
lowering their costs, reduces greenhouse gas and criteria pollutant emissions, and refocuses
infrastructure investments towards a next-generation energy system. Already used by many
large industrial, commercial, and institutional facilities, CHP is a proven and effective energy
resource, deployable in the near term that can help address current and future U.S. energy
needs. Incorporating commercially available technology, CHP can provide an immediate
solution to pressing energy problems.

CHP is one of the most promising options in the U.S. energy efficiency portfolio. It is not a single
technology but a group of technologies that can use a variety of fuels to provide reliable
electricity, mechanical power, or thermal energy at a factory, university campus, hospital, or
commercial building - wherever the power is needed. CHP’s efficiency comes from recovering
the heat that would normally be wasted while generating power to supply the heating or
cooling needs of the user. By capturing and utilizing waste heat, CHP requires less fuel than
equivalent separate heat and power systems to produce the same amount of energy services.
Because CHP is located at or near the point of use, it also eliminates the losses that normally
occur in the transmission and distribution of electricity from a power plant to the user.

If the United States adopted high-deployment policies to achieve 20% of generation capacity
from CHP by 2030, it could save an estimated 5.3 quadrillion Btu (Quads) of fuel annually, the
equivalent of nearly half the total energy currently consumed by U.S. households. Cumulatively
through 2030, such policies could also generate $234 billion in new investments and create
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nearly 1 million new highly-skilled, technical jobs throughout the United States. CO2 emissions
could be reduced by more than 800 million metric tons (MMT) per year, the equivalent of
taking more than half of the current passenger vehicles in the U.S. off the road.5 In this 20%
scenario, over 60% of the projected increase in CO2 emissions between now and 2030 could be
avoided.

While the benefits of added CHP capacity are promising, current market conditions and
technical barriers continue to impede full realization of CHP’s potential. Challenges include
unfamiliarity with CHP, technology limitations, utility business practices, regulatory ambiguity,
environmental permitting approaches that do not acknowledge and reward the energy
efficiency and emissions benefits, uneven tax treatment, and interconnection requirements,
processes, and enforcement. Addressing these challenges will require a holistic approach
involving policy, regulatory, and technical solutions. Improving the fuel efficiency and fuel
flexibility of CHP and developing optimized, integrated packaged systems can also lower costs
and expand the application of cost-effective CHP.

Increasing worldwide energy demand, rising energy prices, and concerns about climate change
are driving interest in energy efficiency and renewable energy. There is growing recognition
that energy efficiency must be part of any realistic strategy to ease short-term U.S. energy
prices and stabilize the long-term energy future. Energy efficiency and renewable energy are
key components of a portfolio of promising supply- and demand-side resources that can
provide the Nation with clean, affordable energy and support continued economic prosperity.
CHP is first and foremost an energy efficiency resource.

The cost-effectiveness and near-term viability of CHP development establishes this exciting
technology as a leader among other clean energy technologies such as wind, solar, clean coal,
biofuels, and nuclear power. As the United States continues to transform the way it produces,
transports, and uses energy, it should capitalize on the vast and valuable benefits of CHP. A
strategic approach is needed to encourage CHP where it can be applied today and address the
challenges discouraging its deployment. A history of success here and abroad proves that a
balanced set of policies, incentives, and technology investments can bring sustained CHP
growth and realize its enormous potential.
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1. Waste-to-Energy Sector in the United States

1.1 Introduction

Waste-to-energy (WtE) or energy-from-waste (EfW) is the process of creating energy in the
form of electricity or heat from the incineration of waste source. WtE is a form of energy
recovery. Most WtE processes produce electricity directly through combustion, or produce a
combustible fuel commodity, such as methane, methanol, ethanol or synthetic fuels.

1.2 Incineration — Common WtE Implementation

Incineration, the combustion of organic material such as waste with energy recovery is the
most common WtE implementation. Incineration may also be implemented without energy and
materials recovery; however, this is increasingly being banned in OECD (Organization for
Economic Co-operation and Development) countries. Furthermore, all new WtE plants in OECD
countries must meet strict emission standards. Hence, modern incineration plants are vastly
different from the old types, some of which neither recovered energy nor materials. Modern
incinerators reduce the volume of the original waste by 95-96%, depending upon composition
and degree of recovery of materials such as metals from the ash for recycling.

Concerns regarding the operation of incinerators include fine particulate, heavy metals, trace
dioxin and acid gas emissions, even though these emissions are relatively low from modern
incinerators. Other concerns include toxic fly ash and incinerator bottom ash (IBA)
management. Discussions regarding waste resource ethics include the opinion that incinerators
destroy valuable resources and the fear that they may reduce the incentives for recycling and
waste minimization activities. Incinerators have electric efficiencies on the order of 14-28%. The
rest of the energy can be utilized for e.g. district heating, but is otherwise lost as waste heat.

The method of using incineration to convert municipal solid waste (MSW) to energy is a
relatively old method of waste-to-energy production. Incineration generally entails burning
garbage to boil water which powers steam generators that make electric energy to be used in
our homes and businesses. One serious problem associated with incinerating MSW to make
electrical energy, is the pollutants that are put into the atmosphere when burning the garbage
that power the generators. These pollutants are extremely acidic and have been reported to
cause serious environmental damage by turning rain into acid rain. One way that this problem
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has been significantly reduced is through the use of lime scrubbers on smokestacks. The
limestone mineral used in these scrubbers has a pH of approximately 8 which means it is a
base. By passing the smoke through the lime scrubbers, any acids that may be in the smoke are
neutralized which prevents the acid from reaching the atmosphere and hurting our
environment. (Field) According to the New York Times, modern incineration plants are so clean
that "many times more dioxin is now released from home fireplaces and backyard barbecues
than from incineration."

1.3 Other WtE Technologies

There are a number of other new and emerging technologies that are able to produce energy
from waste and other fuels without direct combustion. Many of these technologies have the
potential to produce more electric power from the same amount of fuel than would be possible
by direct combustion. This is mainly due to the separation of corrosive components (ash) from
the converted fuel, thereby allowing higher combustion temperatures in e.g. boilers, gas
turbines, internal combustion engines, fuel cells. Some are able to efficiently convert the
energy into liquid or gaseous fuels:

1.3.1 Thermal Technologies

1.3.1.1 Gasification

Gasification is a process that converts carbonaceous materials, such as coal, petroleum, biofuel,
or biomass, into carbon monoxide and hydrogen by reacting the raw material at high
temperatures with a controlled amount of oxygen and/or steam. The resulting gas mixture is
called synthesis gas or syngas and is itself a fuel. Gasification is a method for extracting energy
from many different types of organic materials.

The advantage of gasification is that using the syngas is potentially more efficient than direct
combustion of the original fuel because it can be combusted at higher temperatures or even in
fuel cells, so that the thermodynamic upper limit to the efficiency defined by Carnot's rule is
higher or not applicable. Syngas may be burned directly in internal combustion engines, used to
produce methanol and hydrogen, or converted via the Fischer-Tropsch process into synthetic
fuel. Gasification can also begin with materials that are not otherwise useful fuels, such as
biomass or organic waste. In addition, the high-temperature combustion refines out corrosive
ash elements such as chloride and potassium, allowing clean gas production from otherwise
problematic fuels.
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Gasification of fossil fuels is currently widely used on industrial scales to generate electricity.
However, almost any type of organic material can be used as the raw material for gasification,
such as wood, biomass, or even plastic waste.

Gasification relies on chemical processes at elevated temperatures >700°C, which distinguishes
it from biological processes such as anaerobic digestion that produce biogas.

Four types of gasifier are currently available for commercial use: counter-current fixed bed, co-
current fixed bed, fluidized bed and entrained flow.

The counter-current fixed bed ("up draft") gasifier consists of a fixed bed of carbonaceous fuel
(e.g. coal or biomass) through which the "gasification agent" (steam, oxygen and/or air) flows in
counter-current configuration. The ash is either removed dry or as a slag. The slagging gasifiers
have a lower ratio of steam to carbon, achieving temperatures higher than the ash fusion
temperature. The nature of the gasifier means that the fuel must have high mechanical
strength and must ideally be non-caking so that it will form a permeable bed, although recent
developments have reduced these restrictions to some extent. The throughput for this type of
gasifier is relatively low. Thermal efficiency is high as the gas exit temperatures are relatively
low. However, this means that tar and methane production is significant at typical operation
temperatures, so product gas must be extensively cleaned before use. The tar can be recycled
to the reactor.

The co-current fixed bed ("down draft") gasifier is similar to the counter-current type, but the
gasification agent gas flows in co-current configuration with the fuel (downwards, hence the
name "down draft gasifier"). Heat needs to be added to the upper part of the bed, either by
combusting small amounts of the fuel or from external heat sources. The produced gas leaves
the gasifier at a high temperature, and most of this heat is often transferred to the gasification
agent added in the top of the bed, resulting in an energy efficiency on level with the counter-
current type. Since all tars must pass through a hot bed of char in this configuration, tar levels
are much lower than the counter-current type.

In the fluidized bed reactor, the fuel is fluidized in oxygen and steam or air. The ash is removed
dry or as heavy agglomerates that defluidize. The temperatures are relatively low in dry ash
gasifiers, so the fuel must be highly reactive; low-grade coals are particularly suitable. The
agglomerating gasifiers have slightly higher temperatures, and are suitable for higher rank
coals. Fuel throughput is higher than for the fixed bed, but not as high as for the entrained flow
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gasifier. The conversion efficiency can be rather low due to elutriation of carbonaceous
material. Recycle or subsequent combustion of solids can be used to increase conversion.
Fluidized bed gasifiers are most useful for fuels that form highly corrosive ash that would
damage the walls of slagging gasifiers. Biomass fuels generally contain high levels of corrosive
ash.

In the entrained flow gasifier a dry pulverized solid, an atomized liquid fuel or a fuel slurry is
gasified with oxygen (much less frequent: air) in co-current flow. The gasification reactions take
place in a dense cloud of very fine particles. Most coals are suitable for this type of gasifier
because of the high operating temperatures and because the coal particles are well separated
from one another. The high temperatures and pressures also mean that a higher throughput
can be achieved, however thermal efficiency is somewhat lower as the gas must be cooled
before it can be cleaned with existing technology. The high temperatures also mean that tar
and methane are not present in the product gas; however the oxygen requirement is higher
than for the other types of gasifiers. All entrained flow gasifiers remove the major part of the
ash as a slag as the operating temperature is well above the ash fusion temperature.

A smaller fraction of the ash is produced either as a very fine dry fly ash or as a black colored fly
ash slurry. Some fuels, in particular certain types of biomasses, can form slag that is corrosive
for ceramic inner walls that serve to protect the gasifier outer wall. However some entrained
bed type of gasifiers do not possess a ceramic inner wall but have an inner water or steam
cooled wall covered with partially solidified slag. These types of gasifiers do not suffer from
corrosive slags. Some fuels have ashes with very high ash fusion temperatures. In this case
mostly limestone is mixed with the fuel prior to gasification. Addition of a little limestone will
usually suffice for the lowering the fusion temperatures. The fuel particles must be much
smaller than for other types of gasifiers. This means the fuel must be pulverized, which requires
somewhat more energy than for the other types of gasifiers. By far the most energy
consumption related to entrained bed gasification is not the milling of the fuel but the
production of oxygen used for the gasification.

In small business and building applications, where the wood source is sustainable, 250-1000
kWe and new zero carbon biomass gasification plants have been installed in Europe that
produce tar free syngas from wood and burn it in reciprocating engines connected to a
generator with heat recovery. This type of plant is often referred to as a wood biomass CHP
unit but is a plant with seven different processes: biomass processing, fuel delivery, gasification,
gas cleaning, waste disposal, electricity generation and heat recovery.
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Industrial-scale gasification is currently mostly used to produce electricity from fossil fuels such
as coal, where the syngas is burned in a gas turbine.

In Svenljunga, Sweden, a full-scale 14 MW co-current fixed bed gasifier has been running since
May 2008. The plants uses biofuels, such as recycled wood, cca or creosote impregnated wood
as well as forest fuels with a moisture content <60%. The gasifier constitutes the gasification
part of an incineration plant, which produces 14 MW of process steam and district heating to
nearby industries and citizens of Svenljunga. A gasifier of the same kind is being installed in
Munkfors, Sweden, where similar fuels will be used in a 10 MW CHP plant.

Gasification is also used industrially in the production of electricity, ammonia and liquid fuels
(oil) using Integrated Gasification Combined Cycles (IGCC), with the possibility of producing
methane and hydrogen for fuel cells. IGCC is also a more efficient method of CO2 capture as
compared to conventional technologies. IGCC demonstration plants have been operating since
the early 1970s and some of the plants constructed in the 1990s are now entering commercial
service.

Gasification technologies have been developed in recent years that use plastic-rich waste as a
feed.

Syngas can be used for heat production and for generation of mechanical and electrical power.
Like other gaseous fuels, producer gas gives greater control over power levels when compared
to solid fuels, leading to more efficient and cleaner operation.

Gasifiers offer a flexible option for thermal applications, as they can be retrofitted into existing
gas fueled devices such as ovens, furnaces, boilers, etc., where syngas may replace fossil fuels.
Heating values of syngas are generally around 4-10 MJ/m3.

Diesel engines can be operated on dual fuel mode using producer gas. Diesel substitution of
over 80% at high loads and 70-80% under normal load variations can easily be achieved. Spark
ignition engines and SOFC fuel cells can operate on 100% gasification gas. Mechanical energy
from the engines may be used for e.g. driving water pumps for irrigation or for coupling with an
alternator for electrical power generation.

In 2009 21stCenturyMotorworks was reported on mass media to have developed gasification
technology in a prototype pickup truck that could use any biomass materials for fuel. The
vehicle was displayed at multiple events including the 2009 Boston Greenfest.
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Small-scale rural biomass gasifiers have been applied in India to a large extent, especially in the
state of Tamil-Nadu in South India. Most of the applications are 9 kWe systems used for water
pumping and street lighting operated by the local panchayat government. Although technically
applicable the systems face political, financial and maintenance problems. Most of the systems
are no longer running after 1-3 years.

While small scale gasifiers have existed for well over 100 years, there have been few sources to
obtain a ready to use machine. Small scale devices are typically DIY projects. However, currently
in the United States, several companies offer gasifiers to operate small engines.

In principle, gasification can proceed from just about any organic material, including biomass
and plastic waste. The resulting syngas can be combusted. Alternatively, if the syngas is clean
enough, it may be used for power production in gas engines, gas turbines or even fuel cells, or
converted efficiently to dimethyl ether (DME) by methanol dehydration, methane via the
Sabatier reaction, or diesel-like synthetic fuel via the Fischer-Tropsch process. In many
gasification processes most of the inorganic components of the input material, such as metals
and minerals, are retained in the ash. In some gasification processes (slagging gasification) this
ash has the form of a glassy solid with low leaching properties, but the net power production in
slagging gasification is low (sometimes negative) and costs are higher.

Regardless of the final fuel form, gasification itself and subsequent processing neither directly
emits nor traps greenhouse gasses such as carbon dioxide. Power consumption in the
gasification and syngas conversion processes may be significant though, and may indirectly
cause CO2 emissions; in slagging and plasma gasification, the electricity consumption may even
exceed any power production from the syngas. Combustion of syngas or derived fuels emits
exactly the same amount of carbon dioxide as would have been emitted from direct
combustion of the initial fuel. Biomass gasification and combustion could play a significant role
in a renewable energy economy, because biomass production removes the same amount of
CO2 from the atmosphere as is emitted from gasification and combustion. While other biofuel
technologies such as biogas and biodiesel are carbon neutral, gasification in principle may run
on a wider variety of input materials and can be used to produce a wider variety of output
fuels.

There is at present very little industrial scale biomass gasification being done. Examples of
demonstration projects include
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e Those of the Renewable Energy Network Austria, including a plant using dual fluidized
bed gasification that has supplied the town of Glssing with 2 MW of electricity and 4
MW of heat, generated from wood chips, since 2003;

e Chemrec's pilot plant in Pited that has produced 3 MW of clean syngas since 2006,
generated from entrained flow gasification of black liquor.

Waste Gasification

Waste gasification has several principal advantages over incineration:

e The necessary extensive flue gas cleaning may be performed on the syngas instead of
the much larger volume of flue gas after combustion;

e Electric power may be generated in engines and gas turbines, which are much cheaper
and more efficient than the steam cycle used in incineration. Even fuel cells may
potentially be used, but these have rather severe requirements regarding the purity of
the gas;

e Chemical processing of the syngas may produce other synthetic fuels instead of
electricity;

e Some gasification processes treat ash containing heavy metals at very high
temperatures so that it is released in a glassy and chemically stable form.

A major challenge for waste gasification technologies is to reach an acceptable (positive) gross
electric efficiency. The high efficiency of converting syngas to electric power is counteracted by
significant power consumption in the waste preprocessing, the consumption of large amounts
of pure oxygen (which is often used as gasification agent), and gas cleaning. Another challenge
becoming apparent when implementing the processes in real life is to obtain long service
intervals in the plants, so that it is not necessary to close down the plant every few months for
cleaning the reactor.

Several waste gasification processes have been proposed, but few have yet been built and
tested, and only a handful have been implemented as plants processing real waste, and most of
the time in combination with fossil fuels.
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Since 2008 in Svenljunga, Sweden, a biomass gasification unit generates up to 14 MWth,
supplying industries and citizens with process steam and district heating, respectively. The
gasifier uses biomass fuels such as cca or creosote impregnated waste wood and other kinds of
recycled wood. In 2011 a similar gasifier, using the same kinds of fuels, is being installed at
Munkfors Energy's CHP plant. The CHP plant will generate 2 MWe (electricity) and 8 MWth
(district heating).

In 2011 in Green Bay Wisconsin, a deal was made with the Oneida Nation and the city of Green
Bay to build a gasification power plant which will supply electricity to over 4,000 homes.

One plant (in Chiba, Japan using the Thermoselect process) has been processing industrial
waste since year 2000, but has not yet documented positive net energy production from the
process.

Ze-gen is operating a waste gasification demonstration facility in New Bedford, Massachusetts.
The facility was designed to demonstrate gasification of specific non-MSW waste streams using
liquid metal gasification.
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Figure 113: HTCW reactor, one of several proposed waste gasification processes. According to the sales

and sales management consultants KBI Group a pilot plant in Arnstadt implementing this process has

completed initial tests.
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Y

Source: Misc.

1.3.1.2 Thermal Depolymerization

Thermal depolymerization (TDP) is a depolymerization process using hydrous pyrolysis for the
reduction of complex organic materials (usually waste products of various sorts, often biomass
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and plastic) into light crude oil. It mimics the natural geological processes thought to be
involved in the production of fossil fuels. Under pressure and heat, long chain polymers of
hydrogen, oxygen, and carbon decompose into short-chain petroleum hydrocarbons with a
maximum length of around 18 carbons.

Thermal depolymerization is similar to other processes which use superheated water as a major
step to produce fuels, such as direct Hydrothermal Liquefaction . These are distinct from
processes using dry materials to depolymerize, such as pyrolysis. The term Thermochemical
Conversion (TCC) has also been used for conversion of biomass to oils using superheated water,
although it is more usually applied to fuel production via pyrolysis. Other commercial scale
processes include the “SlurryCarb” process operated by EnerTech, which uses similar
technology to decarboxylate wet solid biowaste, which can then be physically dewatered and
used as a solid fuel called E-Fuel. The plant at Rialto is said to be able to process 683 tons of
waste per day. The Hydro Thermal Upgrading (HTU) process uses superheated water to
produce oil from domestic waste. A demonstration plant is due to start up in The Netherlands
said to be capable of processing 64 tons of biomass (dry basis) per day into oil. Thermal
depolymerization differs in that it contains a hydrous process followed by an anhydrous
cracking / distillation process.

The process can break down organic poisons, due to breaking chemical bonds and destroying
the molecular shape needed for the poison's activity. It is likely to be highly effective at killing
pathogens, including prions. It can also safely remove heavy metals from the samples by
converting them from their ionized or organometallic forms to their stable oxides which can be
safely separated from the other products.

Along with similar processes, it is a method of recycling the energy content of organic materials
without first removing the water. It can produce liquid fuel, which separates from the water
physically without need for drying. Other methods to recover energy often require pre-drying
(e.g. burning, pyrolysis) or produce gaseous products (e.g. anaerobic digestion).

The process only breaks long molecular chains into shorter ones, so small molecules such as
carbon dioxide or methane cannot be converted to oil through this process. However, the
methane in the feedstock is recovered and burned to heat the water that is an essential part of
the process. In addition, the gas can be burned in a combined heat and power plant, consisting
of a gas turbine which drives a generator to create electricity, and a heat exchanger to heat the
process input water from the exhaust gas. The electricity can be sold to the power grid, for
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example under a Feed-in Tariff scheme. This also increases the overall efficiency of the process
(already said to be over 85% of feedstock energy content).

Another option is to sell the methane product as biogas. For example, biogas can be
compressed, much like natural gas, and used to power motor vehicles.

Many agricultural and animal wastes could be processed, but many of these are already used as
fertilizer, animal feed, and, in some cases, as feedstocks for paper mills or as boiler fuel. Energy
crops constitute another potentially large feedstock for thermal depolymerization.

Reports in 2004 claimed that the facility was selling products at 10% below the price of
equivalent oil, but its production costs were low enough that the plant produced a profit. At the
time it was paying for turkey waste (see also below).

The plant then consumed 270 tons of turkey offal (the full output of the turkey processing
plant) and 20 tons of egg production waste daily. In February 2005, the Carthage plant was
producing about 400 barrels per day (64 m3/d) of crude oil.

In April 2005 the plant was reported to be running at a loss. Further 2005 reports summarized
some economic setbacks which the Carthage plant encountered since its planning stages. It was
thought that concern over mad cow disease would prevent the use of turkey waste and other
animal products as cattle feed, and thus this waste would be free. As it turned out, turkey
waste may still be used as feed in the United States, so that the facility must purchase that feed
stock at a cost of $S30 to S40 per ton, adding $15 to S20 per barrel to the cost of the oil. Final
cost, as of January 2005, was $80/barrel (51.90/gal).

The above cost of production also excludes the operating cost of the thermal oxidizer and
scrubber added in May 2005 in response to odor complaints (see below).

A biofuel tax credit of roughly $1 per U.S. gallon (26 ¢/L) on production costs was not available
because the oil produced did not meet the definition of "biodiesel" according to the relevant
American tax legislation. The Energy Policy Act of 2005 specifically added thermal
depolymerization to a S1 renewable diesel credit, which became effective at the end of 2005,
allowing a profit of $4/barrel of output oil.
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1.3.1.3 Pyrolysis

Pyrolysis is a thermochemical decomposition of organic material at elevated temperatures in
the absence of oxygen. Pyrolysis typically occurs under pressure and at operating temperatures
above 430 °C (800 °F). The word is coined from the Greek-derived elements pyr "fire" and lysis
"separating".

Pyrolysis is a special case of thermolysis, and is most commonly used for organic materials,
being, therefore, one of the processes involved in charring. The pyrolysis of wood, which starts
at 200-300 °C (390-570 °F), occurs for example in fires or when vegetation comes into contact
with lava in volcanic eruptions. In general, pyrolysis of organic substances produces gas and
liquid products and leaves a solid residue richer in carbon content. Extreme pyrolysis, which
leaves mostly carbon as the residue, is called carbonization.

The process is used heavily in the chemical industry, for example, to produce charcoal,
activated carbon, methanol, and other chemicals from wood, to convert ethylene dichloride
into vinyl chloride to make PVC, to produce coke from coal, to convert biomass into syngas, to
turn waste into safely disposable substances, and for transforming medium-weight
hydrocarbons from oil into lighter ones like gasoline. These specialized uses of pyrolysis may be
called various names, such as dry distillation, destructive distillation, or cracking.

Pyrolysis also plays an important role in several cooking procedures, such as baking, frying,
grilling, and caramelizing. And it is a tool of chemical analysis, for example, in mass
spectrometry and in carbon-14 dating. Indeed, many important chemical substances, such as
phosphorus and sulfuric acid, were first obtained by this process. Pyrolysis has been assumed to
take place during catagenesis, the conversion of buried organic matter to fossil fuels. It is also
the basis of pyrography. In their embalming process, the ancient Egyptians used a mixture of
substances, including methanol, which they obtained from the pyrolysis of wood.

Pyrolysis differs from other high-temperature processes like combustion and hydrolysis in that
it does not involve reactions with oxygen, water, or any other reagents. In practice, it is not
possible to achieve a completely oxygen-free atmosphere. Because some oxygen is present in
any pyrolysis system, a small amount of oxidation occurs.

The term has also been applied to the decomposition of organic material in the presence of
superheated water or steam (hydrous pyrolysis), for example, in the steam cracking of oil.
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Anhydrous pyrolysis can also be used to produce liquid fuel similar to diesel from plastic waste.

Many sources of organic matter can be used as feedstock for pyrolysis. Suitable plant material
includes green waste, sawdust, waste wood, woody weeds; and agricultural sources including
nut shells, straw, cotton trash, rice hulls, switch grass; and animal waste including poultry litter,
dairy manure, and potentially other manures. Pyrolysis is used as a form of thermal treatment
to reduce waste volumes of domestic refuse. Some industrial byproducts are also suitable
feedstock including paper sludge and distillers grain.

There is also the possibility of integrating with other processes such as mechanical biological
treatment and anaerobic digestion.

1.3.1.4 Plasma Arc Gasification (PGP)

Plasma arc gasification is a waste treatment technology that uses electrical energy and the high
temperatures created by an electric arc gasifier. This arc breaks down waste primarily into
elemental gas and solid waste (slag), in a device called a plasma converter. The process has
been intended to be a net generator of electricity, depending upon the composition of input
wastes, and to reduce the volumes of waste being sent to landfill sites.

Relatively high voltage, high current electricity is passed between two electrodes, spaced apart,
creating an electrical arc. Inert gas under pressure is passed through the arc into a sealed
container of waste material, reaching temperatures as high as 25,000 °F (13,900 °C) in the arc
column. The temperature a few feet from the torch can be as high as 5,000-8,000 °F (2,760—
4,427 °C). At these temperatures, most types of waste are broken into basic elemental
components in a gaseous form, and complex molecules are separated into individual atoms.

The reactor operates at a slightly negative pressure, meaning that the feed system is
complemented by a gaseous removal system, and later a solid removal system. Depending on
the input waste (plastics tend to be high in hydrogen and carbon), gas from the plasma
containment can be removed as syngas, and may be refined into various fuels at a later stage or
fired on site to provide power.

Syngas is produced exclusively from organic materials with a conversion rate of greater than
99% using plasma gasification. Other inorganic materials in the waste stream that are not
broken down but only go through a phase change (solid to liquid) add to the volume of slag
with minimal energy recovery and increased cost for refining. For efficient operation of the
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plant, a portion of the syngas may be used to run on site turbines to power the plasma torches
and feed system.

The latest independent review of plasma technology providers was undertaken by Juniper
Consulting in 2008, as well as a separate independent review on Alter NRG /Westinghouse
technology.

The first plasma-based waste disposal system in the USA was announced in 2006 in St. Lucie
County, Florida. The county stated that it hopes to not only avoid further landfill, but
completely empty its existing landfill — 4,300,000 short tons (3,900,000 t) of waste collected
since 1978 — within 18 years. The plant was scheduled to come into operation in 2009.
However, no permits as yet have been submitted for construction. Backers have announced
that the facility would produce 600 short tons (540,000 kg) of solid rubble from around 3,000
short tons (2,700,000 kg) of waste per day at 5,500°C (9,900°F). Uncertainties have arisen
however regarding the safety of such a facility. The public and environmental threats from
incinerators coupled with the uncertainty of the community's ability to produce such large
qguantities of waste consistently have led GeoPlasma to submit a new proposal for a much
smaller facility that would convert 200 short tons (180 t) of waste per day.

No municipal-scale waste disposal plasma arc facilities have as yet been constructed, so
considerable technological and budgetary uncertainties remain.

Numerous municipal plasma arc gas plants (see above) are currently in development, including
one for the city of Los Angeles. Practical (limited use of land space for landfills), technological
(large-scale use of technology versus small-scale, e.g. plasma arc is currently favored as a means
to destroy medical and hazardous waste), logistical (transportation infrastructure
requirements) and budgetary considerations can affect the viability of individual projects.

An issue regarding plasma systems that rely on high temperatures for processing is in the life of
their liners. The liner is an important aspect of separating the high interior temperatures of the
plasma system from the [metal] shell of the plasma container. Liners are highly susceptible to
both chlorine attack and to local variabilities in [high] temperatures, both of which would be
found with typical municipal waste systems, and are not likely to last more than a year in
service. This concern can be addressed by using the method demonstrated at the Trail Road
Plant in Ottawa, Canada, which requires lower temperatures and a more robust material (fire
brick) for a liner instead of the expensive and fragile metal.
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1.3.2 Non-thermal Technologies

1.3.2.1 Anaerobic Digestion

Anaerobic digestion is a series of processes in which microorganisms break down biodegradable
material in the absence of oxygen, used for industrial or domestic purposes to manage waste
and/or to release energy.

It is used as part of the process to treat wastewater. As part of an integrated waste
management system, anaerobic digestion reduces the emission of landfill gas into the
atmosphere.

Anaerobic digestion is widely used as a renewable energy source because the process produces
a methane and carbon dioxide rich biogas suitable for energy production, helping to replace
fossil fuels. The nutrient-rich digestate which is also produced can be used as fertilizer.

The digestion process begins with bacterial hydrolysis of the input materials in order to break
down insoluble organic polymers such as carbohydrates and make them available for other
bacteria. Acidogenic bacteria then convert the sugars and amino acids into carbon dioxide,
hydrogen, ammonia, and organic acids. Acetogenic bacteria then convert these resulting
organic acids into acetic acid, along with additional ammonia, hydrogen, and carbon dioxide.
Finally, methanogens convert these products to methane and carbon dioxide.

The technical expertise required to maintain industrial scale anaerobic digesters coupled with
high capital costs and low process efficiencies had limited the level of its industrial application
as a waste treatment technology. Anaerobic digestion facilities have, however, been recognized
by the United Nations Development Program as one of the most useful decentralized sources of
energy supply, as they are less capital intensive than large power plants.

Anaerobic digestion is particularly suited to organic material and is commonly used for effluent
and sewage treatment. Anaerobic digestion is a simple process that can greatly reduce the
amount of organic matter which might otherwise be destined to be dumped at sea, landfilled or
burnt in an incinerator.

Almost any organic material can be processed with anaerobic digestion. This includes
biodegradable waste materials such as waste paper, grass clippings, leftover food, sewage and
animal waste. The exception to this is woody wastes that are largely unaffected by digestion as
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most anaerobes are unable to degrade lignin. The exception being xylophalgeous anaerobes
(lignin consumers), as used in the process for organic breakdown of cellulosic material by a
cellulosic ethanol start-up company in the U.S. Anaerobic digesters can also be fed with
specially grown energy crops such as silage for dedicated biogas production. In Germany and
continental Europe these facilities are referred to as biogas plants. A co-digestion or co-
fermentation plant is typically an agricultural anaerobic digester that accepts two or more input
materials for simultaneous digestion.

In developing countries simple home and farm-based anaerobic digestion systems offer the
potential for cheap, low-cost energy for cooking and lighting. Anaerobic digestion facilities have
been recognized by the United Nations Development Program as one of the most useful
decentralized sources of energy supply. From 1975, China and India have both had large
government-backed schemes for adaptation of small biogas plants for use in the household for
cooking and lighting. Presently, projects for anaerobic digestion in the developing world can
gain financial support through the United Nations Clean Development Mechanism if they are
able to show they provide reduced carbon emissions.

Pressure from environmentally related legislation on solid waste disposal methods in developed
countries has increased the application of anaerobic digestion as a process for reducing waste
volumes and generating useful by-products. Anaerobic digestion may either be used to process
the source separated fraction of municipal waste, or alternatively combined with mechanical
sorting systems, to process residual mixed municipal waste. These facilities are called
mechanical biological treatment plants.

Biogas from sewage works is sometimes used to run a gas engine to produce electrical power;
some or all of which can be used to run the sewage works. Some waste heat from the engine is
then used to heat the digester. It turns out that the waste heat is generally enough to heat the
digester to the required temperatures. The power potential from sewage works is limited — in
the UK there are about 80 MW total of such generation, with potential to increase to 150 MW,
which is insignificant compared to the average power demand in the UK of about 35,000 MW.
The scope for biogas generation from non-sewage waste biological matter — energy crops, food
waste, abattoir waste etc. is much higher, estimated to be capable of about 3,000 MW. Farm
biogas plants using animal waste and energy crops are expected to contribute to reducing CO2
emissions and strengthen the grid while providing UK farmers with additional revenues.

Some countries offer incentives in the form of, for example, Feed-in Tariffs for feeding
electricity onto the power grid in order to subsidize green energy production.
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1.3.2.2 Fermentation Production

Fermentation is the process of deriving energy from the oxidation of organic compounds, such
as carbohydrates, and using an endogenous electron acceptor, which is usually an organic
compound. In contrast, respiration is where electrons are donated to an exogenous electron
acceptor, such as oxygen, via an electron transport chain. Fermentation is important in
anaerobic conditions when there is no oxidative phosphorylation to maintain the production of
ATP (Adenosine triphosphate) by glycolysis. During fermentation, pyruvate is metabolized to
various different compounds. Homolactic fermentation is the production of lactic acid from
pyruvate; alcoholic fermentation is the conversion of pyruvate into ethanol and carbon dioxide;
and heterolactic fermentation is the production of lactic acid as well as other acids and
alcohols. Fermentation does not necessarily have to be carried out in an anaerobic
environment. For example, even in the presence of abundant oxygen, yeast cells greatly prefer
fermentation to oxidative phosphorylation, as long as sugars are readily available for
consumption.

Sugars are the most common substrate of fermentation, and typical examples of fermentation
products are ethanol, lactic acid, and hydrogen. However, more exotic compounds can be
produced by fermentation, such as butyric acid and acetone. Yeast carries out fermentation in
the production of ethanol in beers, wines, and other alcoholic drinks, along with the production
of large quantities of carbon dioxide. Fermentation occurs in mammalian muscle during periods
of intense exercise where oxygen supply becomes limited, resulting in the creation of lactic
acid.

Hydrogen gas is produced in many types of fermentation (mixed acid fermentation, butyric acid
fermentation, caproate fermentation, butanol fermentation, glyoxylate fermentation), as a way
to regenerate NAD+ from NADH. Electrons are transferred to ferredoxin, which in turn is
oxidized by hydrogenase, producing H2. Hydrogen gas is a substrate for methanogens and
sulfate reducers, which keep the concentration of hydrogen sufficiently low to allow the
production of such an energy-rich compound.

1.3.2.3 Mechanical Biological Treatment (MBT)

A mechanical biological treatment system is a form of waste processing facility that combines a
sorting facility with a form of biological treatment such as composting or anaerobic digestion.
MBT plants are designed to process mixed household waste as well as commercial and
industrial wastes.
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The terms 'mechanical biological treatment' or 'mechanical biological pre-treatment' relate to a
group of solid waste treatment systems. These systems enable the recovery of materials
contained within and the stabilization of the biodegradable component of the material.

The sorting component of the plants resemble a materials recovery facility. This component is
either configured to recover the individual elements of the waste or produce a refuse-derived

fuel that can be used for the generation of power.

The components of the mixed waste stream that can be recovered include:

e Metals
e Plastics
e Glass

The "mechanical" element is usually an automated mechanical sorting stage. This either
removes recyclable elements from a mixed waste stream (such as metals, plastics, glass and
paper) or processes them. It typically involves factory style conveyors, industrial magnets, eddy
current separators, trommels, shredders and other tailor made systems, or the sorting is made
by hand. The mechanical element has a number of similarities to a materials recovery facility
(MRF).

Some systems integrate a wet MRF to recover & wash the recyclable elements of the waste in a
form that can be sent for recycling. MBT can alternatively process the waste to produce a high
calorific fuel given the term refuse derived fuel (RDF). RDF can be used in cement kilns or power
plants and is generally made up from plastics and biodegradable organic waste. Systems which
are configured to produce RDF include the Herhof and Ecodeco Processes. It is a common
misconception that all MBT processes produce RDF. This is not the case and depends strictly on
system configuration and suitable local markets for MBT outputs.

1.3.2.4 Refuse Derived Fuel

Using raw unprocessed MSW as a fuel is problematic due to the heterogeneous nature of the
material, which varies according to country, suburb and season. It also has a low heat value and
high ash and moisture content. This makes it difficult for plant designers and operators to
always provide acceptable pollution free levels of combustion. Processing of the waste to
refuse derived fuel (RDF) partially overcomes these problems and the fuel can then be used
more successfully in either chain grate water-tube boilers or in circulating fluidized beds.
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Figure 114: RDF Manufacturing Process Outline. Product is then Compacted or Briguetted for Use
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Waste with high organic (carbon) content is suitable for briquetting and pelletizing after non-
combustible and recyclable materials have been separated. These processes involve the
compaction of the waste at high temperatures and very high pressures. The organic matter is
compressed in a die to produce briquettes or pellets. It is important to note that using
processed waste (where recyclable and non combustible components have been removed), for
power generation will dramatically increase the efficiency of the waste to energy process, but
at an increased cost due to the increased handling of the product.

1.3.3 Chemical Technologies

1.3.3.1 Esterification

Biodiesel can be produced from waste vegetable oil by esterification. Although this chemical
treatment cannot be used to process solid waste it can make use of otherwise disposed of
waste oil. There are three basic routes to biodiesel production from waste oils.

e Base catalyzed transesterification of the oil;
e Direct acid catalyzed transesterification of the oil, and;
e Conversion of the oil to its fatty acids and then to biodiesel.

Almost all biodiesel is produced using base catalyzed transesterification as this is the most

economical process. It requires only low temperatures and pressures and produces a 98%
conversion yield. A successful transesterification reaction is signified by the separation of the
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ester and glycerol layers after the reaction time. The heavier co-product, glycerol, settles out
and may be sold as it is or it may be purified for use in other industries, e.g. the pharmaceutical,
cosmetics, etc. Biodiesel is a less toxic and more bio-degradable fuel than is petroleum diesel

and is often blended with petroleum diesel to provide a renewable energy component in the
fuel.

1.4 Typical Waste-to-Energy Power Plant

A cross-sectional view of a typical WTE plant is given in the figure below.

Figure 115: Plant Schematic Showing Major Equipment and Sampling Locations
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The process begins with fuel delivery to the tipping house. There are two major types of fuel in
use today: Mass Burn Fuel and Refuse-Derived Fuel (RDF).

Mass bum plants make direct use of waste in an "as is" condition. The refuse is delivered either
directly from the hauler or from solid waste transfer stations. Normally, the transfer station is
relied upon to provide a clean stream of waste, free of materials prohibited from combustion
by law. If prohibited materials are present, they will be detected through flue gas analysis
during combustion. Transfer stations deposit their refuse directly into the bunker. Individual
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haulers, however, are required to dump their cargo on the tipping floor where it is inspected
and sorted prior to depositing it in the bunker.

Once in the bunker, the fuel is thoroughly mixed by grapple cranes to ensure an acceptably
uniform product is input to the furnace. Plastics will burn at higher temperatures, while yard
wastes with their high moisture content will reduce flame temperature. Consistent
temperature is important for efficient combustion. Refuse Derived Fuels are pre-processed at a
separate facility. Trash is ground into fine particles. Metals and other non-combustibles are
removed. The fuel is then packed into cigar-sized pellets. Although this process quires further
energy and monetary input, it results in a more consistent fuel and, therefore, in less
temperature fluctuation in the furnace. Additives to this fuel can be used to reduce the
formation of some of the pollutants described above. The ash resulting from RDF tends to be
finer and somewhat more chemically active, however, making it less desirable for alternative
uses. Again, tradeoffs are evident.

Once mixed, if necessary, the fuel is loaded by the grapple cranes into the feed chute. The fuel
in this feed chute actually provides an air seal at the inlet of the furnace so that uncontrolled air
flow to the combustion chamber is avoided. Proper control of air flow is vital to efficient
burning and to the prevention of pollutant formation.

Air is supplied to the combustion chamber via a blower which draws its suction on the tipping
house. In this way, it maintains the tipping house at a negative pressure with respect to the
outside. Therefore, airflow in the tipping house is always inward, and the release of dust and
odor is prevented. While this feature may seem unimportant, it contributes significantly to the
cleanliness of the surrounding grounds and hence to public acceptance of the plant.

Flue gases rise from the combustion zone through the boiler where water inside the tubes of a
heat exchanger is converted to saturated steam. Both steam and flue gas are then routed
through a superheater, where the gas gives up more of its thermal energy to the steam. The
superheated steam at 850 psig and 850°F is routed to the turbine generator. A typical plant has
just one turbine generator with a capacity of between 15 and 40 MWe, 3 to 4 MWe of which
are used within the plant to operate its equipment. The remainder is normally sold to the local
electric company, who is mandated to purchase the power under the Public Utility Regulatory
Policies Act of 1978.
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A separate cooling loop condenses the steam and transports waste heat to cooling towers. In
the cooling tower, this water is sprayed through an air stream. Some of the water is lost to the
atmosphere as vapor, while the rest is recycled back to the condenser.

As the flue gas leaves the boiler area, it passes through a final heat exchanger. The economizer
preheats the incoming boiler feed water and cools the flue gas so that it can be analyzed for
hazardous emissions and undergo pollutant removal processes. This equipment typically
includes electrostatic precipitators to remove particulate, a lime slurry reactor to remove acids
and metals, and a filter bag house to capture the remaining fly ash. The resultant stack
emissions are 99% oxygen, nitrogen, carbon dioxide, and water.

Meanwhile, the bottom ash is quenched with water as it is discharged from the combustion
chamber. A conveyor transports it to a sifter and magnet for the removal of metals. A 1200 ton
per day (TPD) plant can recover from 40 to 70 tons of recyclable metals each week. These are
metals that would otherwise have gone to landfill. Some plants then mix fly ash recovered from
the filter house with the bottom ash. Others handle the two separately.

Also interesting from an engineering standpoint is the management of water at a WTE facility. A
plant can require up to 700,000 gallons of water per day to make up for steam leaks and losses
from the cooling loop as well as for bottom ash quenching water. This water is frequently
supplied by the effluent from a local sewage treatment facility.

Rainwater is also collected in a reservoir to supply the fire fighting system which is used in the
event that a fire is started from mixing chemicals in the refuse bunker. Excess rainwater is
tested for leachate toxicity before it is released to the environment. Finally, groundwater is
monitored for the presence of leachate through a series of wells at the perimeter of the
property. One of these wells normally supplies potable water to the facility.

1.5 Issue of CO2 Emissions

The major pollutants associated with solid waste combustion can travel two main paths into the
environment, via stack emissions and ash discharge. Many of the products of waste energy
recovery are common to all combustion processes, particularly oil and coal and in some cases
even natural gas.

Acids such as hydrochloric acid (HCI) and their precursors such as sulfur dioxide (Sa), which
gives rise to sulfuric acid (H2S04), result from burning of waste, coal, and to some extent, oil.
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Heavy metals found in solid waste can be liberated during combustion. These also form a
component of coal combustion products. Nitrogen oxides (NOX) are produced in all high
temperature combustion processes, regardless of fuel type. Greenhouse gases which include
NO, and carbon dioxide (CO2) are also of concern, as is the asphyxiant carbon monoxide (CO).

Each year in the United States, almost 160 million tons of municipal solid waste remain after
recycling and composting. Currently, less than 25% of that waste is combusted for energy
recovery, while over 120 million tons are abandoned as landfill.

Coal is the major fuel source for electric power plants in the U.S. The energy contained in a fuel
is often termed the “heating value” and is reported in Btu per pound. The heating value for
typical coal is about 13,000 Btu/Ib. The heating value for mixed municipal waste is
approximately 4,800 Btu/lb. Many of the constituents of mixed waste have heating values on
the order 6,000 to 8,000 Btu/Ib. Plastics and tires have heating values even higher than that of
coal.

Table 40: Heating Values (in Btu/lb.) of Various Fuels and Components of Municipal Solid Waste

Fuel Heating Heating Fuel Heating
Value Value Value
Anthracite Coal 13,500 Mixed Paper 6.800 Polystyrene 16.419
Bituminus Coal 14,000 Newsprint 7.950 Mixed Plastic 14.100
Peat 3.600 Cardboard 7.043 Tires 13.800
No.2 Oil 18,000 Junk Mail 6,088 Leaves 5.000
Natural Gas 24.000 Magazines 5.250 Grass 2.690
Mixed MSW 4,800 Polyethylene 18.687 Green Wood 2.100
Source: EIA

Encouraging composting of yard and food wastes would reduce the low-heating value
constituents and improve the energy density of refuse fuel. If the technology is applied to
industrial processes, a clean, energy dense fuel may be readily available on site, eliminating
financial and energy expenditures associated with the with the recovery and acquisition of coal.

But even without waste stream homogenization, a quick calculation demonstrates significant
fossil fuel savings gained by combusting rather than throwing away waste. About 3 Ib. waste
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must be burned to obtain the energy in a pound of coal. Burning 160 million tons of waste
could displace 57 million tons of coal each year.

It is true that some emissions from solid waste combustion are higher than those from coal,
particularly carbon monoxide and non-methane organic hydrocarbons (NMOC). Solid waste
combustion produces 100 times more CO per ton than does coal and 45 times more NMOC, but
is necessary to compare the emissions from burning refuse to the alternative disposal methods.

Methane is a potent greenhouse gas. It traps three times the thermal energy in the atmosphere
than carbon dioxide. This gas is emitted in large quantities from landfill waste as it decomposes.
Factoring both methane and CO2 together and converting the heat-trapping ability of the two
gases to equivalent CO2, it turns out that the total greenhouse emissions from a landfill are
more than twice that of the combustion process.

Similarly, NMOC emissions are drastically reduced through combustion. Controlled combustion
of the gases emitted from landfills reduces these numbers somewhat, but then contributes
greater amounts of CO, dioxins and furans, and NO.

Additionally, the volume of waste is reduced by 70 to 90% in the combustion process. The ash
that reaches the landfill gives off less gas and no methane. Expensive methane collection
apparatus will soon be required by EPA regulation at more than 10% of existing landfills.

Depositing ash vice raw refuse would eliminate the need for these systems, saving communities
money. Studies also estimate that 60 to 70% of all bottom ash may be suitable for use in some
structural concrete applications. The pace of landfill depletion could be slowed by up to 97%.

Furthermore, a demonstration project at the Lancaster Resource Recovery Facility in Lancaster,
PA showed that the facility could handle the wear caused by dirt and rocks that would
accompany refuse from reclaimed landfills. Effectively, existing landfills could become fuel
mines, reducing landfill emissions and the space they occupy even more.

1.6 Environmental Regulations in the U.S.

Waste-to-energy (WTE) facilities produce clean, renewable energy through the combustion of
municipal solid waste in specially designed power plants equipped with the most modern
pollution control equipment. Trash volume is reduced by 90% and the remaining residue is
regularly tested and consistently meets strict EPA standards allowing reuse or disposal in
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landfills. In the United States, there are 98 WTE plants operating in 29 states managing about
16% of the nation’s trash, or about 97,000 tons each day. WTE generates about 2,750
megawatts of electricity to meet the power needs of nearly 2.3 million homes, and the facilities
serve the trash disposal needs of more than 36 million people. The $10 billion WTE industry
employs more than 6,000 American workers with annual wages in excess of $150 million. The
growth of WTE utilization in the United States is continuing.

America’s WTE facilities meet some of the most stringent environmental standards in the world
and employ the most advanced emissions control equipment available. The EPA announced
that America’s WTE plants produce electricity “with less environmental impact than almost any
other source of electricity.” The “outstanding performance” of pollution control equipment
used by the WTE industry has produced “dramatic decreases in air emissions.” EPA data
demonstrate that dioxin emissions have decreased by more than 99% in the past ten years, and
represent less than one-half of 1% of the national dioxin inventory. Mercury emissions have
declined by more than 95% and now represent 2% of the national inventory of man-made
mercury emissions. Additionally, EPA estimates that WTE technology annually avoids eleven
million metric tons of greenhouse gases that would otherwise be released into the atmosphere.

Communities served by these facilities recycle an average of 33% of their trash as compared
with the national recycling rate of 28%. WTE annually removes for recycling nearly 800,000 tons
of ferrous metals and more than 900,000 tons of glass, metal, plastics, batteries, ash and yard
waste at recycling centers located on-site. (California has mandated that cities reduce the
volume of solid waste going to landfills by 50% by 2004 through recycling, composting, etc. To
date, progress toward this goal has been excellent.)

For more than twenty years, WTE has been recognized as a source of renewable energy under
existing U.S. law. WTE is a “clean, reliable, renewable source of energy,” according to the U.S.
EPA. The Federal Power Act, the Public Utility Regulatory Policies Act, the Federal Energy
Regulatory Commission’s regulations, and the Biomass Research and Development Act of 2000
all recognize WTE power as renewable biomass, as do fifteen states that have enacted electric
restructuring laws. EPA estimates that 75% of trash contains biomass on a Btu-output basis.
Turning garbage into energy makes “important contributions to the overall effort to achieve
increased renewable energy use and the many associated positive environmental benefits,”
wrote DOE Assistant Secretary David Garman.
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2. Waste-to-Energy Market Overview in the U.S.

Figure 116: Top Five Countries in WTE Utilization
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Biofuel Energy Corporation of Denver, CO, opened two new biofuel plants in Wood River, NE,
and Fairmont, MN, in July 2008. These plants use distillation to make ethanol for use in motor
vehicles and other engines. Both plants are currently reported to be working at over 90%
capacity. Fulcrum BioEnergy incorporated located in Pleasanton, CA, is currently building a WTE
plant near Reno, NV. The plant is scheduled to open in early 2010 under the name of Sierra
BioFuels plant. BioEnergy incorporated predicts that the plant will produce approximately 10.5
million gallons per year of ethanol from nearly 90,000 tons per year of MSW.

Waste to energy technology includes fermentation, which can take biomass and create ethanal,
using waste cellulosic or organic material. In the fermentation process, the sugar in the waste is
changed to carbon dioxide and alcohol, in the same general process that is used to make wine.
Normally fermentation occurs with no air present. Esterification can also be done using waste
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to energy technologies, and the result of this process is biodiesel. The cost effectiveness of
esterification will depend on the feedstock being used, and all the other relevant factors such
as transportation distance, amount of oil present in the feedstock, and others. Gasification and
pyrolysis by now can reach thermal conversion efficiencies from of up to 75%, however a
complete combustion is superior in terms of fuel conversion efficiency. Some pyrolysis
processes need an outside heat source which may be supplied by the gasification process,
making the combined process self sustaining.
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3. Technological Developments

Technology is moving fast in the WtE sector with a number of new approaches or renewed
technologies. The following list presents some of the recent technology developments.

3.1 EnerTech — SlurryCarb™ Process

The EnerTech SlurryCarb™ process (www.enertech.com) currently under demonstration in the
United States is based on a pre-treatment of MSW in water slurry form to facilitate the removal
of recyclables. The slurry is then subjected to high pressure and temperature conditions and
partial dewatering to turn it into a higher calorific value RDF amenable to gasification for
combustion in a high-pressure steam boiler or to power a gas turbine. If successfully
demonstrated, this process, albeit expensive, will have very low pollution levels and
significantly higher thermal efficiency than mass burns.

3.2 EcoEnergy Oy — Wabio Process

The Wabio process is bio-thermal waste treatment developed by EcoEnergy Oy, Espoo, Finland.
Waste is pre-treated and divided into organic and combustion fractions. The organic fraction is
degraded into biogas and compost matter. The RDF is burned in a specially designed fluidized
bed boiler unit. The temperature is kept below 900°C to avoid the formation of thermal NOx
and of dangerous slagging compounds that could reduce the life of the boiler.

3.3 Centre Nationale de Recherche Scientifique (CNRS) — Valgora Process

The Valgora process, developed in France and adopted by Babcock-Borsig Power, uses a similar
approach as EcoEnergy. MSW is shredded and sorted mechanically to recover glass, metals,
plastics, inerts such as sand and gravel, and remove sources of toxic compounds such as
batteries. The remaining fractions are separated into a dry RDF that is directed to a rocking kiln
for steam raising and base load power generation, while the fermentescibles are sent to a
proprietary, high solids (above 45% solids), computer-controlled, high yield methane digester.
The methane is used to produce peak load power. The organic residues are composted to
produce a sterile high quality soil conditioner. A plant processing 120,000 tons per year of
fermentescibles could generate 31 GWh of power from the methane produced and 57,000 tons
of soil conditioner.
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3.4 Convertech Group — Convertech Process

The Convertech technology is directed at the processing of biomass into valuable products,
such as chemicals, reconstituted wood products like panel boards, heat and power. As such, it is
not specifically designed to handle mixed waste. In the long run, in the field of waste
management, its main application is in the treatment of MSW to produce a dry, cleaner burning
RDF. The New Zealand-based company could potentially offer a solution to monomer recovery
from plastics that could prove more competitive than other approaches.

The core Convertech technology reached the pre-commercialization stage though the potential
chemicals and fuels recovery application, but only reached the preliminary concept stage
before R&D funding in New Zealand ran out. In essence, part of the core Convertech process for
biomass involves venting the volatiles produced by the preheating of the biomass. Through
steam entrained distillation it would be possible to recover the volatile products either as a fuel
for process heat or as valuable products, such as essential oils from Eucalyptus biomass. The
steam entrained gases could then be processed to recover the wax, while the shredded MSW
could be processed further in the superheated steam multiple effect drying stage of the
Convertech system to be dried into a stable RDF.

3.5 Martin GmbH - SynCom Process

The SynCom process, developed by Martin GmbH (www.martingmbh.de), involves oxygen
enrichment of underfire air, recirculation of flue gas and a combustion control system using
infrared thermography of the waste layer on the grate. At the demonstration plant in Coburg
(Germany), operational reliability and plant availability using SynCom could be proven under
real disposal conditions with a waste throughput of 7 tons per hour. Oxygen enrichment of the
underfire air promotes the destruction of pollutants due to the high oxygen partial pressures
and temperatures. This is then reflected in very low residual amounts of organic combustion
by-products in the bottom ash and flue gas from the SynCom unit.
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4. Industry Trends

Present trends indicate a move away from single solutions such as mass burn or landfill towards
the integration of more advanced WtE technologies, based on setting priorities for waste
treatment methods. These include waste minimization, recycling, materials recovery,
composting, biogas production, energy recovery through RDFs, and residual land filling. This
approach favors the integration of incineration within a range of complementary approaches. In
the process, mass burn incineration tends to be replaced by more specific and efficient
techniques such as RDF incineration, gasification or pyrolysis. The means for integrated waste
management, in order of preference, are:

1. Materials recovery by recycling.

2. For food and yard wastes only: fuel/soil recovery by anaerobic bio-conversion (generation of
methane gas); or soil recovery by aerobic bio-conversion (composting).

3. Energy and materials recovery by combustion or gasification.
4. Land filling of materials that are neither recyclable nor combustible.

It is estimated that wastes of approximately 100 PJ of energy content are discarded worldwide
every year. The “Waste Management Policy” of any nation should ensure that, as far as
practicable, waste generators should meet the costs of the waste they produce, and encourage
the implementation of the internationally recognized hierarchy of reduction, reuse, recycling,
recovery and residual management of waste.
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5. Debate over Waste-to-Energy in the U.S. — Is Waste-to-

Energy a Source of Renewable Energy?

WTE’s status as renewable energy (i.e., an energy resource that is replaced rapidly by recurring
processes) is well established:

Standard definitions of “renewable energy” routinely include WTE;

WTE is recognized as renewable at both state and federal levels: e.g., USEPA,
Department of Energy, Biomass Research and Development Act of 2000, Public Utility
Regulatory Policy Act, and laws and regulations in nearly 25 states;

Federal government’s obligation to purchase “renewable energy” under section 203 of
the Energy Policy Act of 2005 specifically includes WTE;

World Economic Forum’s very recent report, Green Investing — Towards a Clean Energy
Infrastructure, recognizes WTE as one of eight “key renewable energy sectors” and
“particularly promising in terms of . . . abatement potential” for carbon emissions;

A largely untapped resource in the U.S., WTE has far greater use in a number of other
nations that are at least equally conscientious.

Reflecting state and federal requirements for the most advanced emissions control technology,

WTE emissions have plummeted since the late 1980’s (e.g., annual WTE emissions of dioxin
have decreased by a factor of 1,000 to less than 12 grams), and WTE emissions are lower than

landfill emissions for 9 of 10 major air pollutants.

As a result, USEPA recognizes WTE as a renewable energy source that “produce[s] 2800

megawatts of electricity with less environmental impact than almost any other source of
electricity.”

EPA’s hierarchy for “integrated waste management” prefers waste combustion with energy
recovery over landfilling.
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WTE's efficiency and reliability are clear as well:

e WTE recovers approximately 600 kWh per ton of waste, which is approximately 10 times
the energy recoverable from a ton of landfilled waste;

e WTE is the paradigm example of “distributed generation” that serves nearby load
without the need for new long-distance transmission lines (unlike other renewables);

e WTE is also base-load generation, available 24/7 and unaffected by days that are cloudy
or calm (in contrast to sources such as solar and wind power);

e The Nature Conservancy ranks WTE as one of the most environmentally protective
alternative energy sources;

e Asis often the case with environmentally preferred alternatives, WTE can cost more (at
least on a short-term and intermediate basis) — And communities accept the higher cost
precisely because the result is better for the environment.

WTE's role in reducing greenhouse gas emissions (GHG) is widely recognized:

e As shown by EPA’s Municipal Solid Waste Decision Support Tool, WTE reduces GHG
emissions in 3 ways by (i) generating electricity and/or steam which reduces GHG
emissions from fossil fuel sources, (ii) avoiding the potential methane emissions that
would result if the same waste was landfilled, and (iii) recovering ferrous and
nonferrous metals which avoids the additional energy consumption that would be
required if the same metals were produced from virgin ores;

e Moreover, GHG emissions from WTE are primarily —i.e., 77% to 82% — biogenic carbon
or biomass. These emissions are already part of the natural carbon cycle because the
biogenic carbon that comprises paper, food and other biomass in municipal waste is
removed from the atmosphere as part of the plant growth natural carbon cycle;

e The Decision Support Tool also shows that WTE yields the best results (compared to
landfills) in terms of maximum energy recovery and lowest GHG and criteria pollutant
emissions;
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A number of additional studies confirm that conclusion. For example, analysis by a
lecturer from the Harvard University School of Public Health compared net GHG
emissions from WTE facilities and landfills with gas recovery-reuse systems, and
concluded that GHG emissions from landfills are 45 times greater than from WTE
facilities;

WTE’s mitigation of GHG is expressly recognized by the Intergovernmental Panel on
Climate Change (IPCC), a leading forum of independent scientific experts on climate
change. The IPCC emphasizes WTE’s dual benefits of (i) offsetting fossil fuel combustion
and (ii) avoided landfill methane emissions;

Similarly, the Kyoto Protocol’s Clean Development Mechanism approves WTE as a
source of tradable GHG emission reduction credits that displaces electricity from fossil
fuels and avoids landfill methane emissions from waste;

In addition, the Feb. 20, 2007 joint statement of Columbia University’s-Earth Institute
Global Roundtable on Climate Change (GROCC) identifies WTE as an important means to
reduce carbon emissions from fossil fuel-based electricity and methane emissions from
landfills;

Finally, at the Feb. 23, 2009 National Clean Energy Project Roundtable in Washington,
President Bill Clinton offered a strong endorsement of WTE: “We can close all these
landfills, recycle the metal and glass and compost the organic material; and my favorite
use is to use it as biomass fuel for generating electricity.”

WTE is also entirely compatible with recycling and WTE communities’ recycling rates
outperform non-WTE communities:
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WTE communities typically have recycling rates at least 3 to 5 percentage points above
the national average and in some cases lead the Nation in recycling;

A recent national survey shows that WTE communities have a 33.3% recycling rate,
which exceeds the national rate and is conservatively calculated (the WTE communities’
recycling rate omits several recyclables that the national rate includes, and the national
rate is a composite that includes WTE communities — the more accurate comparison
would exclude WTE communities in calculating the national rate);
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e Although recycling rates are driven by state recycling policies that apply equally to WTE
and non-WTE communities, WTE communities’ recycling rates are generally higher than
non-WTE communities in the same state;

State laws and policies also discourage diversion of recyclable materials to combustion in a WTE
facility:

For example, an Oregon county using WTE cannot “take any action that would hinder or
discourage recycling activities in the county.” That statute is focused on WTE-reliant Marion
County, which consistently achieves one of the highest recycling rates in the Nation — more
than 52% (which is also the highest in Oregon).

WTE should be included in the RES because:

e [t's a renewable source of energy;

e Substantially reduces GHG emissions by displacing (a) electric power generation from
fossil fuels and (b) landfill disposal of municipal waste;

e C(lean, baseload energy with very low emissions;

e WTE recovers 10 times the energy (electric power) from a ton of waste in comparison to
landfill methane recovery-reuse;

e WTE is “distributed” generation, i.e., energy is used where it is generated, which
reduces the environmental impact and cost of transporting both waste and energy;

e Complements recycling programs rather than competing with recycling;

e And WTE is an underutilized energy resource.
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6. Harnessing Waste with Low-Btu Reciprocating Gas Engine
Generators

6.1 Introduction

With the development of large reciprocating generator sets that can run reliably on alternative
fuels such as low-Btu (i.e. dilute) methane, landfills, waste treatment plants, coal mining
facilities and other sources of waste fuel now have a way to harness these “free” energy
sources. Low-Btu reciprocating generator sets use proven technology to produce significant
amounts of power from fuels that would otherwise be vented to the atmosphere, including
methane, a “greenhouse gas” that has been implicated in global warming. This paper outlines
the process for determining waste-to-energy site suitability, reviews the maintenance issues
and technology answers related to contaminants often found in methane, and cites several
working waste-to- energy installations as examples of installed waste-to-energy applications.

6.2 Harnessing the Potential of Methane

While the exploitation of methane gas for power production from municipal landfills, waste
digesters, coal seams and coal mines has been ongoing for several decades, it has been limited
to sites with the most favorable economic conditions. However, developments in recent years
have focused more attention on this valuable and environmentally advantageous energy
source:

e Recognition of methane as a potent “greenhouse” gas that may be exacerbating the
buildup of heat in Earth’s atmosphere;

e Recognition of naturally occurring methane and sewage/landfill methane as a valuable
energy resource that can be converted into usable electricity, thereby offsetting some
uses of coal and oil for electric power generation;

e Development of reciprocating engine generator systems that are especially designed to
burn dilute methane gas mixtures while mitigating some of the maintenance and engine
wear issues that have complicated earlier applications.
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Globally, methane from landfills, sewage treatment plants and coal mines represents a vast
natural resource that can be economically converted to usable electricity. In Europe alone, the
European Commission estimates that landfills there produce upwards of 94 billion cubic meters
of methane each year. In the U.S., the EPA has estimated that landfills could provide more than
two quadrillion Btus of energy per year. Currently in the U.S., there are approximately 400
operational landfill-to-energy projects and another 600 candidate landfills suitable for energy
production, according to the EPA’s Landfill Methane Outreach Program.

Methane from coal beds and mines represents another source to be tapped for energy
production. In the U.S. alone, estimates of methane production from coal beds amount to 37
billion cubic meters per year.

6.3 Role of Reciprocating Engine Generators

Reciprocating engine generator systems are far and away the most popular technology being
employed today for producing electricity from natural and manmade sources of methane gas.
While combustion turbines are the second most popular technology for harnessing landfill
methane, reciprocating engine generators outnumber turbines and other methods by about
three times according to the U.S. EPA (Environmental Protection Agency). Some of the reasons
that reciprocating engine generators dominate the existing applications are:

e The gaseous fueled reciprocating engine is a mature technology with a number of global
manufacturers and an efficient supply and service infrastructure;

e New low-Btu engine designs are able to operate at full rated horsepower with a dilute
mixture of only 40% methane and above, and they can operate at a slightly derated
output with dilutions of only 30 — 40% methane;

e Reciprocating engine generator technology is significantly less expensive on an installed
cost-per kilowatt basis than combustion turbine technology;

e While not totally immune, reciprocating engine generators are more tolerant of
impurities and contaminants in methane from landfills and coal seams - such as water
vapor, ammonia, sulfur and siloxanes;

e Reciprocating engine generators operate at higher electrical efficiencies than turbines
and require less complicated methane collection and pressurizing systems. While some
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other technologies such as Stirling cycle engines, fuel cells and organic Rankin cycle
engines also operate at high efficiencies, and show some tolerance to siloxanes, they
have been limited to experimental sites due to their high initial costs;

e Reciprocating engines operating on methane have been successful in meeting emissions
regulations without exhaust after treatment.

6.4 Question of Site Suitability

The usual starting point in deciding whether a particular landfill or methane source is suitable
for waste-to-energy production is a gas analysis. This analysis will not only reveal the
concentration and volume potential of the methane, it will also identify the various possible
contaminants in the gas that may require pretreatment or increase engine maintenance
requirements.

Table 41: Typical landfill gas analysis showing concentrations of the contaminants hydrogen sulfide,

silicon, nitrogen oxide, chlorine and fluorine in parts per million and milligrams per cubic meter

molecular
ppm waeight constant ppm
H.S 15 34 22.4 23
Si 20 28 224 25
NOx 150 46 224 308
Ccl 20 709N 22.4 63
FI 15 37.99 224 3
melecular
mg/Nm? weight constant mg/Nm?
H.S 1000 34 22.4 659
Si 20 28 22.4 16
NOx 21 46 22.4 10
Cl 70.91 224 0
Fl 37.99 22.4 0

Source: U.S. DOE
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If the level of methane concentration is 45% or above, then a reciprocating engine generator
designed to run on dilute methane can be expected to generate its full nameplate power
output. If the methane concentration drops to between 30 and 40%, the engine-generator will
be capable of producing something less than full power.

The approximate volume of gas required by a typical low-Btu engine generator system is
expressed as:

CH, Volume = 0.28 cubic meters/hour per kWe x (100 ;+ CH,%)

This formula is not precise because it is based on pipeline-quality natural gas, and engine
efficiency falls as the percentage of non-combustible components in the fuel gas increase.
However, it allows a quick assessment of the gas volume needed for any given engine size.
When the project appears to be moving forward, specific software programs are used to obtain
the actual heating value of the gas. This allows the determination of the actual engine efficiency
and the actual volume of gas required. These figures are used to determine the detailed design
of the gas delivery system (wells, pumps, filtering and pretreatment).

6.5 Impact of Contaminants

Considerable time is spent in analyzing the contaminants in the landfill gas, because the volume
and makeup of the contaminants have implications for the frequency and extent of engine
maintenance schedules. The purpose of the analysis is to clarify economic risks and to share
this information with all the parties involved in the project.

The gas must be analyzed on a regular (weekly) basis, and the results shared with all the
parties. As the contaminant levels change over time, associated operating costs will also
change. The agreement between the parties must define who is financially responsible for
changes in operating or maintenance costs when the gas content changes.

Typical contaminants in landfill and coal bed methane include:

e Silicon (in the form of siloxanes). When present in landfill gas, siloxanes can plate out on
the internal surfaces of the engine’s combustion chamber as silicates to a thickness of
up to several millimeters. Silicon also enters the lubricating oil causing high wear rates.
Siloxane presents a serious maintenance problem when present in the gas stream;

6. Harnessing Waste with Low-Btu Reciprocating Gas Engine Generators



U.S Clean Energy Sector Opportunities

Sulfur (in the form of hydrogen sulfide). When present in high concentrations, it will
deposit in the engine, contaminate the lubricating oil and interfere with catalyst systems
in the exhaust system (if used);

Ammonia. Common in sewage treatment methane and some landfills, ammonia will
corrode certain metals, such as copper in engine cooling systems or bearings;

Other contaminants such as water vapor, particulates, halogens and acids will
contaminate engine-lubricating oil. They vary with the types of materials in the landfill.

Low-Btu engines from Cummins Power Generation are designed to be tolerant of many of the
typical contaminants found in landfill gas — especially siloxane, ammonia and acids. Since
Cummins Power Generation power systems are compliant with current UK emissions
regulations without the need for catalytic exhaust after treatment systems, sulfur content of
the methane does not usually present a serious maintenance problem.

To combat problems that may arise from contaminants, Cummins Power Generation has
developed several technologies that help to minimize maintenance and engine overhauls.
These technologies include:
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Patented carbon cutting ring — The Cummins low-Btu engine used in landfill applications
has a special floating “carbon cutting ring” inset at the top of the cylinder wall in each
combustion chamber. The ring serves to break up deposits of carbon and silicates,
extending the time between major engine overhauls and rendering the engine less
prone to siloxane problems than other designs;

FCD (ferrous cast ductile) cast iron pistons — Cummins uses FCD cast iron pistons in its
low-Btu engines for extended durability when operating on contaminated landfill gas.
They are significantly more durable than aluminum alloy pistons;

Bearing materials — The engine bearings are manufactured from materials that are less
susceptible to corrosion from ammonia and acids in the gas stream;

Charge air cooler — Normally made of copper for the best heat conduction, the
vulnerable materials are coated with a phenolic resin to protect them from corrosion. In
extremely corrosive environments, the copper may be replaced with stainless steel;
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e Engine-lubricating oil — The lubricating oil is generally designed to be more alkaline than
typical engine oil to extend the time between oil changes. In general, the lubricating oil
is specifically designed for each application, depending on the nature and quantity of
contaminants in the gas stream.

6.6 Conclusion

Waste-to-energy projects that utilize methane from landfills, waste digesters and coal beds are
generating a significant amount of electric energy for global customers, thus displacing energy
that is generated from nonrenewable fossil sources that produce carbon dioxide and contribute
to global warming. In addition, by utilizing methane for energy production, these systems
eliminate emissions of greenhouse gas that is at least 20 times more powerful than carbon
dioxide in promoting global warming. The vast majority of waste-to-energy projects use low-Btu
reciprocating engine generators to produce electricity from methane. These engine-generator
systems have proven to be environmentally clean, reliable, durable and economical in a wide
variety of landfill, garbage digester and coal bed methane projects.
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7. Case Studies

7.1 Montgomery County Resource Recovery Facility

The Montgomery County Resource Recovery Facility, a 56 MW generating incineration plant
which burns municipal garbage and waste, is located next to the Dickerson Generating Station.
This waste-to-energy plant is also served by the CSX railroad line, which delivers trash from a
central collection center in Derwood to the plant. The Montgomery County Resource Recovery
Facility is operated by the Northeast Maryland Waste Disposal Authority, a state-owned
corporation.

7.2 Waste-to-Energy Solution at U.S. Virgin Islands

Behind the veil of white sand beaches and turquoise waters, the Virgin Islands have long
struggled to develop effective energy and waste policies. The problem has intensified during
the past decade as the territory became the subject of consent orders and fines from the U.S.
Environmental Protection Agency. For consumers, the islands’ reliance on oil-fired power
generation meant that electricity prices would fluctuate consistent with extremely volatile oil
prices. Newly elected Governor John P. deJongh came into office in 2007 determined to find
workable, sustainable solutions to these challenges.

The islands’ efforts were spearheaded by the Virgin Islands Water and Power Authority (WAPA)
and the Virgin Islands Waste Management Authority (WMA), the agencies that oversee
electricity distribution and waste management for customers on St. Thomas, St. John and St.
Croix. Their shared goal was to reduce the territory’s dependence on fossil fuels and improve its
ability to manage landfill and solid waste.

Alpine Energy Group LLC, a Denver-based energy project development startup. Alpine devised a
novel waste-to-energy solution that utilized a technology called WastAway Services, a process
that converts municipal solid Alpine Energy Group LLC, a Denver-based energy project
development startup. Alpine devised a novel waste-to-energy solution that utilized a
technology called WastAway Services, a process that converts municipal solid waste into a pulp-
like substance that can be gasified to generate steam, converted into synthetic fuels such as
ethanol, diesel, and gasoline, or compressed and extruded to make products like construction
materials.
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While Alpine’s solution seemed perfectly suited for the Virgin Islands’ needs, the young
company would first have to emerge the winner in the competitive bidding process that WAPA
launched in 2007. From 14 initial bids, the field was narrowed to a highly competitive group of
six finalists that represented several power producing technologies: waste-to-energy, coal,
ocean thermal energy conversion, geothermal power, and a combination of wind and solar
power.

From the beginning of the bid process, Alpine had one important advantage over the field—a
well-thought out proposal with an experienced management team, tested technology and a
very qualified financial, technical and legal team. The legal team was led by Pillsbury’s
experienced energy and infrastructure projects lawyers. Pillsbury had represented the company
since its formation, and would play a key advisory and negotiating role during the year-long
bidding process. Having negotiated on behalf of dozens of renewable energy companies,
Pillsbury lawyers were able to anticipate and address WAPA needs and concerns, present a
carefully conceived proposal, and work with Alpine to address many issues that were unique to
the project structure and location. The needs of WAPA had to also take into account the needs
of WMA and Alpine’s obligations to take MSW from WMA. Unlike a traditional power project,
with a traditional fuel supply arrangement, Alpine was also supplying an important service to
WMA. This resulted in parallel negotiation with both WAPA and WMA to create a structure that
would address very different needs and requirements of WAPA and WMA, but also achieve a
structure that would be acceptable to the project finance community.

In August 2009, Governor deJongh announced that Alpine and the Virgin Islands had signed two
20-year power purchase agreements with WAPA and signed two waste management services
contracts with the WMA (separate agreements for the St. Thomas/St. John and St. Croix
districts). The new facilities will convert an estimated 146,000 tons of municipal solid waste into
fuel each year, directly addressing the islands’ need for a combined power and waste
management solution.

For Alpine, the win was doubly significant: the company’s first sale was also the first major
alternative energy project in the Caribbean. The project’s capital cost is estimated at $440
million and construction is expected to begin in May 2010 with an anticipated completion date
of 2012.
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7.3 Waste-to-Energy System in Baltimore, Maryland

The Baltimore Refuse Energy Systems Company (BRESCO), has been providing disposal of up to
2,250 tons per day of municipal solid waste from Baltimore City, Baltimore County and other
areas in Maryland since 1985. Trash is delivered into an enclosed receiving pit where a
clamshell crane is used to pick up three to four tons of waste at a time and feed the waste into
one of three processing units. Each unit is made up of a furnace, a boiler and an air pollution
control system. The reciprocating motion of the grates inside the furnace moves the waste
through the unit, insuring complete combustion. The primary combustion air is drawn from the
refuse pit area, sustaining a negative pressure in the unit. The negative pressure prevents
garbage odors and dust from escaping into the environment.

Surrounding the grate systems are large utility-type boilers, which recover and "recycle"
thermal energy released during the combustion of the waste. This recycled energy is recovered
in the form of high-pressure steam. At full capacity, the plant can generate in excess of 500,000
pounds of steam per hour. Part of the steam is used to make electricity and the rest is used for
district heating and cooling. BRESCO is capable of supplying up to 300,000 pounds of steam per
hour to Trigen, which distributes the steam to buildings in downtown Baltimore. BRESCO can
also produce up to 60,000 kilowatts per hour for sale to BGE. The BRESCO waste-to-energy
facility successfully reduces the volume of incoming waste by approximately 90%. BRESCO also
recovers ferrous and non-ferrous metals from the ash residue. These metals are shipped off-
site to be recycled. The ash residue is approximately 28%, by weight, of the incoming waste.
The ash is being used by the City of Baltimore for alternate daily cover at its Quarantine Road
landfill.

7.4 Waste-to-Energy Plant in Pinellas County, Florida

The Waste-to-Energy (WTE) facility at the Pinellas County has the capacity to burn 3,150 tons of
garbage every day. The WTE facility processes about one million tons of garbage every year.
The process can produce up to 75 megawatts (MW) per hour of electricity. It sells about 60 MW
to Progress Energy for distribution within the community, and the remainder powers the plant
itself. This electricity powers approximately 45,000 homes and businesses every day. The WTE
facility uses state-of-the-art air pollution control technology, which continuously monitors WTE
emissions, ensuring the plant’s emissions fall within the United States Environmental Protection
Agency’s (EPA) standards.
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Ash generated from the combustion of solid waste is transferred to the adjacent Residue
Storage and Processing Building. Here, the ash is size-separated using screens, and both
ferrous (steel) and non-ferrous (aluminum) metals are recovered from the ash using mechanical
equipment such as magnets and eddy currents. The recovered metals are sold to steel mills and

smelters for recycling, and the remaining ash is used for landfill cover and interior site berms
and roadways.
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8. Waste-to-Energy Industry Outlook

Every day, Americans throw out a collective 1.4 billion pounds of waste: 4.6 pounds of
municipal solid waste (MSW) per person adding up to more than 250 million tons of waste
generated annually. Managing this staggering amount of material in a cost-effective and
environmentally sustainable manner is a challenge, but also an opportunity to recover valuable
resources.

While new energy solutions are being discovered, refined and brought further into the public
light, something that does not get a lot of headlines is waste to energy. How something like this
continues to not be used in the United States is incredible as countries like Japan have been
using it for quite some time and dramatically improving their waste disposal problems in highly
populated areas.

A faction of American Foods Group is looking to change this as they are undertaking a multi-
million dollar project that will make use of waste in several different ways and hopefully give
waste to energy some positive growth in the energy sector. From start to finish, they will be
able to feed their new machine with about 100 tons of waste that will take about three weeks
to run though the process to create a variety of products.

Waste is and always has been a significant problem for the food industry, especially for
renewable companies. The sheer volume of waste that can be created in the processing of
meats and other food is rather staggering and unfortunately for the business, very expensive.

MSW is a rich source of domestic energy potential. Columbia University researchers estimate
the energy content of the nation’s MSW is equivalent to continuously generating 82,000
megawatts of electricity. This is a theoretical number, of course; every system has limited
conversion efficiencies and an increasing amount of the waste stream is being diverted (quite
appropriately) for recycling. Nevertheless, the immense scale of the resource is undeniable.

In many ways, we are already taking advantage of this resource. Mature and scalable
technology to recover energy from non-recyclable materials takes two forms: waste-to-energy
and landfill gas-to-energy (LFGTE) facilities. Currently, the country’s 86 waste-to-energy
facilities have 2,700 megawatts of generation capacity, more than the entire domestic solar
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industry. Similarly, the hundreds of landfills across the country with LFGTE facilities have a
collective capacity of 1,600 megawatts.

Waste-based energy has a number of advantages over other sources of renewable power:
unlike intermittent sources of energy, it can generate consistent base load power and directly
offset the need for fossil fuel resources. These proven technologies can provide not only
electricity but also methane for heating and industrial use (LFGTE) and steam for municipal and
industrial use (waste-to-energy). And these facilities take advantage of existing collection and
transmission infrastructure largely in place, reducing the need for costly and logistically
complex changes to our energy infrastructure.

Waste-based energy is also clean. The U.S. Environmental Protection Agency has stated that
waste-to-energy plants produce electricity with “less environmental impact than almost any
other source of electricity.” Studies have determined that we can avoid nearly one ton of
carbon dioxide emissions for every ton of trash processed by a waste-to-energy plant rather
than discarded conventionally. And far from incinerators of past generations, modern waste-to-
energy plants control emissions with state of the art air emission technology to protect air
quality.

Importantly, using waste-to-energy does not compete with recycling. We know this from direct
experience: in the communities we serve across the country, those with waste-to-energy
facilities tend to have higher rates of recycling because the facility is one part of a
comprehensive program that also emphasizes recycling. Notably, waste-to-energy plants also
recover more than 700,000 tons of metals on site annually.

With less than 20% of waste going to waste-to-energy facilities and over 500 additional landfills
identified as promising candidates for LFGTE, there is clearly room for growth. Capturing more
of the resources in the waste stream will rely on expanding proven technologies and developing
newer waste based technologies at the commercial scale.

Some of these promising new technologies include a variety of biochemical and thermo
chemical approaches. Gasification, in which waste is superheated in the absence of oxygen to
create flexible syngas, has the potential for processing divergent waste streams. Organic waste
in anaerobic digesters, where microbes consume food and yard waste to generate methane-
rich biogas, can generate electricity. Organic waste can also serve as feedstock for waste-to-
fuels technologies that transform the carbon-containing components in waste to marketable
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transportation fuels. In many instances, these technologies have shown promise at small scales
and need further investment and pilot-scale development for real-world operational data.

The international community has embraced waste-based energy, and European countries
benefit from broad deployment of these technologies. With the United States looking to reduce
carbon emissions, expand renewable energy sources and stimulate domestic manufacturing,
waste-based energy is a market-ready solution that can provide an important component to
our country’s long-term environmental and economic sustainability—while also connecting
every American to the production of renewable energy.

When possible, much of this waste is used in land applications. This is far and away the
cheapest route to go, but there is just too much waste to be able to do this with everything.
The new biodigester will turn waste into other usable products such as methane gas, heat,
electricity and of course, some of the same applications that it is being used in currently.

This may seem obscure or “dirty” to some people, but the reality of it is that this will actually
clean up the environment. Anyone that has ever been around these types of plants is more
than aware of the fly population and the horrible odors that are associated with this. Much of
that will be eliminated by using this process. Of course, there is also the added benefit of not
actually having to find a home for all of this waste.

It has taken the United States quite some time to get on board with waste to energy, but there
are now several projects that are in the works and a couple of them are going to come to
fruition in the very near future. If these early waste to energy plants have success, large cities
will more than likely be investing more funding to a real solution to the waste disposal
problems that many of them face.

8. Waste-to-Energy Industry Outlook



U.S Clean Energy Sector Opportunities

Section 12: Analysis of Waste Management in the U.S.

Section 12: Analysis of Waste Management in the U.S.



U.S Clean Energy Sector Opportunities

1. Waste Management Sector in the U.S.

1.1 What is Waste Management?

Waste management is the collection, transport, processing, recycling or disposal, and
monitoring of waste materials. The term usually relates to materials produced by human
activity, and is generally undertaken to reduce their effect on health, the environment or
aesthetics. Waste management is also carried out to recover resources from it. Waste
management can involve solid, liquid, gaseous or radioactive substances, with different
methods and fields of expertise for each.

Waste management practices differ for developed and developing nations, for urban and rural
areas, and for residential and industrial producers. Management for non-hazardous waste
residential and institutional waste in metropolitan areas is usually the responsibility of local
government authorities, while management for non-hazardous commercial and industrial
waste is usually the responsibility of the generator.

1.2 Waste Disposal Methods
1.2.1 Integrated Waste Management

Integrated waste management using LCA (life cycle analysis) attempts to offer the most benign
options for waste management. For mixed MSW (Municipal Solid Waste) a number of broad
studies have indicated that waste administration, then source separation and collection
followed by reuse and recycling of the non-organic fraction and energy and compost/fertilizer
production of the organic waste fraction via anaerobic digestion to be the favored path. Non-
metallic waste resources are not destroyed as with incineration, and can be reused/ recycled in
a future resource depleted society.

1.2.2 Landfill

Disposing of waste in a landfill involves burying the waste, and this remains a common practice
in most countries. Landfills were often established in abandoned or unused quarries, mining
voids or borrow pits. A properly designed and well-managed landfill can be a hygienic and
relatively inexpensive method of disposing of waste materials. Older, poorly designed or poorly
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managed landfills can create a number of adverse environmental impacts such as wind-blown
litter, attraction of vermin, and generation of liquid leachate. Another common byproduct of
landfills is gas (mostly composed of methane and carbon dioxide), which is produced as organic
waste breaks down anaerobic ally. This gas can create odor problems, kill surface vegetation,
and is a greenhouse gas.

Design characteristics of a modern landfill include methods to contain leachate such as clay or
plastic lining material. Deposited waste is normally compacted to increase its density and
stability, and covered to prevent attracting vermin (such as mice or rats). Many landfills also
have landfill gas extraction systems installed to extract the landfill gas. Gas is pumped out of
the landfill using perforated pipes and flared off or burnt in a gas engine to generate electricity.

1.2.3 Incineration

Incineration is a disposal method in which solid organic wastes are subjected to combustion so
as to convert them into residue and gaseous products. This method is useful for disposal of
residue of both solid waste management and solid residue from waste water management. This
process reduces the volumes of solid waste to 20 to 30% of the original volume. Incineration
and other high temperature waste treatment systems are sometimes described as "thermal
treatment". Incinerators convert waste materials into heat, gas, steam and ash.

Incineration is carried out both on a small scale by individuals and on a large scale by industry. It
is used to dispose of solid, liquid and gaseous waste. It is recognized as a practical method of
disposing of certain hazardous waste materials (such as biological medical waste). Incineration
is a controversial method of waste disposal, due to issues such as emission of gaseous
pollutants.

Incineration is common in countries such as Japan where land is scarce, as these facilities
generally do not require as much area as landfills. Waste-to-energy (WtE) or energy-from-waste
(EfW) are broad terms for facilities that burn waste in a furnace or boiler to generate heat,
steam or electricity. Combustion in an incinerator is not always perfect and there have been
concerns about pollutants in gaseous emissions from incinerator stacks. Particular concern has
focused on some very persistent organics such as dioxins, furans, PAHs which may be created
which may have serious environmental consequences.
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1.2.4 Recycling

Recycling refers to the collection and reuse of waste materials such as empty beverage
containers. The materials from which the items are made can be reprocessed into new
products. Material for recycling may be collected separately from general waste using
dedicated bins and collection vehicles, or sorted directly from mixed waste streams.

The most common consumer products recycled include aluminum such as beverage cans,
copper such as wire, steel food and aerosol cans, old steel furnishings or equipment ,
polyethylene and PET bottles, glass bottles and jars, paperboard cartons, newspapers,
magazines and light paper, and corrugated fiberboard boxes.

PVC, LDPE, PP, and PS (see resin identification code) are also recyclable. These items are usually
composed of a single type of material, making them relatively easy to recycle into new
products. The recycling of complex products (such as computers and electronic equipment) is
more difficult, due to the additional dismantling and separation required.

The type of recycling material accepted usually depends on what city and country you live in.
Each city and country have different recycling programs in place that can handle the various
types of recyclable materials.

1.2.5 Biological Reprocessing

Waste materials that are organic in nature, such as plant material, food scraps, and paper
products, can be recycled using biological composting and digestion processes to decompose
the organic matter. The resulting organic material is then recycled as mulch or compost for
agricultural or landscaping purposes. In addition, waste gas from the process (such as methane)
can be captured and used for generating electricity and heat (CHP/cogeneration) maximizing
efficiencies. The intention of biological processing in waste management is to control and
accelerate the natural process of decomposition of organic matter.

There is a large variety of composting and digestion methods and technologies varying in
complexity from simple home compost heaps, to small town scale batch digesters, industrial-
scale enclosed-vessel digestion of mixed domestic waste (see Mechanical biological treatment).
Methods of biological decomposition are differentiated as being aerobic or anaerobic methods,
though hybrids of the two methods also exist.

1. Waste Management Sector in the U.S.



U.S Clean Energy Sector Opportunities

Anaerobic digestion of the organic fraction of MSW Municipal Solid Waste has been found to be
in @ number of LCA analysis studies to be more environmentally effective, than landfill,
incineration or pyrolysis. The resulting biogas (methane) though must be used for cogeneration
(electricity and heat preferably on or close to the site of production) and can be used with a
little upgrading in gas combustion engines or turbines. With further upgrading to synthetic
natural gas it can be injected into the natural gas network or further refined to hydrogen for
use in stationary cogeneration fuel cells. Its use in fuel cells eliminates the pollution from
products of combustion.

An example of waste management through composting is the Green Bin Program in Toronto,
Canada, where Source Separated Organics (such as kitchen scraps and plant cuttings) are
collected in a dedicated container and then composted.

1.2.6 Energy Recovery

The energy content of waste products can be harnessed directly by using them as a direct
combustion fuel, or indirectly by processing them into another type of fuel. Recycling through
thermal treatment ranges from using waste as a fuel source for cooking or heating, to
anaerobic digestion and the use of the gas fuel (see above), to fuel for boilers to generate
steam and electricity in a turbine. Pyrolysis and gasification are two related forms of thermal
treatment where waste materials are heated to high temperatures with limited oxygen
availability. The process usually occurs in a sealed vessel under high pressure. Pyrolysis of solid
waste converts the material into solid, liquid and gas products. The liquid and gas can be burnt
to produce energy or refined into other chemical products (chemical refinery). The solid residue
(char) can be further refined into products such as activated carbon. Gasification and advanced
Plasma arc gasification are used to convert organic materials directly into a synthetic gas
(syngas) composed of carbon monoxide and hydrogen. The gas is then burnt to produce
electricity and steam. An alternative to pyrolysis is high temperature and pressure supercritical
water decomposition (hydrothermal monophasic oxidation).

1.2.7 Waste Avoidance

Waste minimization is the process and the policy of reducing the amount of waste produced by
a person or a society.

Waste minimization involves efforts to minimize resource and energy use during manufacture.
For the same commercial output, usually the fewer materials are used, the less waste is
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produced. Waste minimization usually requires knowledge of the production process, cradle-to-
grave analysis (the tracking of materials from their extraction to their return to earth) and
detailed knowledge of the composition of the waste.

The main sources of waste vary from country to country. In the UK, most waste comes from the
construction and demolition of buildings, followed by mining and quarrying, industry and
commerce. Household waste constitutes a relatively small proportion of all waste. Reasons for
the creation of waste sometimes include requirements in the supply chain. For example, a
company handling a product may insist that it should be packaged using particular packing
because it fits its packaging equipment.

In the waste hierarchy, the most effective approaches to managing waste are at the top. In
contrast to waste minimization, waste management focuses on processing waste after it is
created, concentrating on re-use, recycling, and waste-to-energy conversion.

In industries, using more efficient manufacturing processes and better materials will generally
reduce the production of waste. The application of waste minimization techniques has led to
the development of innovative and commercially successful replacement products. Waste
minimization has proven benefits to industry and the wider environment.

Waste minimization often requires investment, which is usually compensated by the savings.
However, waste reduction in one part of the production process may create waste production
in another part.

Waste minimization and resource maximization for manufactured products can most easily be
done at the design stage. Reducing the number of components used in a product or making the
product easier to take apart can make it easier to be repaired or recycled at the end of its
useful life.

In some cases, it may be best not to minimize the volume of raw materials used to make a
product, but instead reduce the volume or toxicity of the waste created at the end of a
product's life, or the environmental impact of the product's use.

1. Waste Management Sector in the U.S.



U.S Clean Energy Sector Opportunities

1.3 Technologies Involved in the Industry

Traditionally the waste management industry has been slow to adopt new technologies such as
RFID (Radio Frequency ldentification) tags, GPS and integrated software packages which enable
better quality data to be collected without the use of estimation or manual data entry.

e Technologies like RFID tags are now being used to collect data on presentation rates for
curb-side pick-ups which is useful when examining the usage of recycling bins or similar;

e Benefits of GPS tracking is particularly evident when considering the efficiency of ad hoc
pick-ups (like skip bins or dumpsters) where the collection is done on a consumer
request basis;

e Integrated software packages are useful in aggregating this data for use in optimization
of operations for waste collection operations;

e Rear vision cameras are commonly used for OH&S reasons and video recording devices
are becoming more widely used, particularly concerning residential services and
contaminations of the waste stream.
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2. Waste Management Concepts

There are a number of concepts about waste management which vary in their usage between
countries or regions. Some of the most general, widely used concepts include:

2.1 Waste Hierarchy

The waste hierarchy refers to the 3Rs of reduce, reuse, and recycle, which classify waste
management strategies according to their desirability. The 3Rs are meant to be a hierarchy, in
order of importance. However in Europe the waste hierarchy has 5 steps: reduce, reuse,
recycle, recovery, and disposal.

The waste hierarchy has taken many forms over the past decade, but the basic concept has
remained the cornerstone of most waste minimization strategies. The aim of the waste
hierarchy is to extract the maximum practical benefits from products and to generate the
minimum amount of waste.

Some waste management experts have recently incorporated a 'fourth R': "Re-think", with the
implied meaning that the present system may have fundamental flaws, and that a thoroughly
effective system of waste management may need an entirely new way of looking at waste.
Source reduction involves efforts to reduce hazardous waste and other materials by modifying
industrial production. Source reduction methods involve changes in manufacturing technology,
raw material inputs, and product formulation. At times, the term "pollution prevention" may
refer to source reduction.

Another method of source reduction is to increase incentives for recycling. Many communities
in the United States are implementing variable rate pricing for waste disposal (also known as
Pay As You Throw - PAYT) which has been effective in reducing the size of the municipal waste
stream.

Source reduction is typically measured by efficiencies and cutbacks in waste. Toxics use
reduction is a more controversial approach to source reduction that targets and measures
reductions in the upstream use of toxic materials. Toxics use reduction emphasizes the more
preventive aspects of source reduction but, due to its emphasis on toxic chemical inputs, has
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been opposed more vigorously by chemical manufacturers. Toxics use reduction programs have
been set up by legislation in some states, e.g., Massachusetts, New Jersey, and Oregon.

The 3Rs are categories at the top of our disposal options. They include a variety of initiatives for
disposing of discards. Generally, options lowest on the list are least desirable.

Reduce - to buy less and use less. Incorporates common sense ideas like turning off the lights,
rain barrels, and taking shorter showers, but also plays a part in Composting/Grasscycling
(transportation energy is reduced), low-flow toilets, and programmable thermostats. Includes
the terms Re-think, Precycle, Carpool, Efficient, and Environmental Footprint.

Reuse - elements of the discarded item are used again. Initiatives include Hand-Me-Downs,
Garage Sales, Quilting, Travel Mugs, and Composting (nutrients). Includes the terms Laundry,
Repair, Regift, and Upcycle.

Recycle - discards are separated into materials that may be incorporated into new products.
This is different from Reuse in that energy is used to change the physical properties of the
material. Initiatives include Composting, Beverage Container Deposits and buying products with
a high content of post-consumer material.

Generate - capturing useful material for waste to energy programs. Includes Methane
Collection, Gasification and Digestion, and the term Recover.

Incinerate - high temperature destruction of material. Differs from Gasification in that oxygen is
used; differs from burning in that high temperatures consume material efficiently and
emissions are controlled.

Devastate - to discard into the natural environment, or to "trash" the planet. Includes Litter,
Burn Barrels, Unnecessary Vehicle Idling, and Dumping discards onto land or into water.

The 3R’s of reduce, reuse and recycle have been considered to be a base of environmental
awareness and a way or promoting ecological balance through conscious behavior and choices.
It is generally accepted that these patterns of behavior and consumer choices will lead to
savings in materials and energy which will benefit the environment. In this context it may be
enquired whether certain economic instruments may be considered to further strengthen these
behaviors and choices.
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In this context it may be enquired whether certain economic instruments may be considered to
further strengthen these behaviors and choices. An example may be to reduce the sales tax or
value added tax on goods that are made by recycling used materials, such as paper, plastics,
glass, metals. Another example may be to reduce sales tax or value added tax on second-hand
goods, which may include books, clothes, house-hold gadgets, bicycles, cars and automobiles,
office equipment, medical and scientific equipment, telecommunication equipment,
agricultural equipment, industrial and manufacturing equipment, boats, ships, trains and trams,
airplanes, oil rigs, and so forth.

An additional approach may be to reduce the interest rates on the financial loans, which
companies avail of, for their commercial activities in the recycling, re-use and resale of used
material and equipments.

It is plausible that this may have a significant impact on consumer behavior, and may
strengthen those sections of the economy and trade that are associated with such goods and
services. Additionally, this would be consistent with supporting consumer behavior and choices
that are beneficial for the environment and for the economy.

2.2 Extended Producer Responsibility

Extended producer responsibility (EPR) is a strategy designed to promote the integration of
environmental costs associated with goods throughout their life cycles into the market price of
the products.

Also known as product stewardship, EPR uses financial incentives to encourage manufacturers
to design environmentally-friendly products by holding producers liable for the costs of
managing their products at end of life. This tactic attempts to relieve local governments of the
costs of managing certain priority products by forcing manufacturers to internalize the cost of
recycling within the product price. EPR promotes that producers (usually brand owners) have
the greatest control over product design and marketing and therefore have the greatest ability
and responsibility to reduce toxicity and waste.

EPR may take the form of a reuse, buy-back, or recycling program, or in energy production from
waste materials. The producer may also choose to delegate this responsibility to a third party, a
so-called producer responsibility organization (PRO), which is paid by the producer for spent-
product management. In this way, EPR shifts responsibility for waste from government to
private industry, obliging producers, importers and/or sellers to internalize waste management
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costs in their product prices and ensuring the sustainable and safe handling of the remains of
their products.

A good example for producer responsibility organizations are the member organizations of Pro
Europe. Pro Europe s.p.r.l. (Packaging Recovery Organization Europe), founded in 1995, is the
umbrella organization for European packaging and packaging waste recovery and recycling
schemes which set themselves the task of relieving industrial companies and commercial
enterprises of their individual obligation to take back used sales packaging through the
operation of a scheme which fulfils these obligations on a nation-wide basis on behalf of their
member companies. The aim is to ensure the recovery and recycling of packaging waste in the
most economically efficient and ecologically sound manner. In many countries, this is done
through the Green Dot (symbol) trademark of which Pro Europe is the general licensor. The
"Green Dot" has evolved into a proven concept in many countries as implementation of
Producer Responsibility. Industry in twenty-five nations is now using the "Green Dot" as the
financing symbol for the organization of recovery, sorting and recycling of sales packaging.

In response to the growing problem of excessive waste, several countries adopted liability
schemes in which manufacturers must take responsibility for their products in attempts to slow
the filling of landfills and the consequential releases of toxic materials from the discarded
products. Such laws, known as “take-backs,” are requirements imposed on manufacturers,
importers, and seller to take back their products from end users at the end of the products
useful life. The goals of take-back laws are to

1. Encourage companies to design products for reuse, recyclability, and materials reduction;

2. Correcting market signals to the consumer by incorporating waste management costs into
the product’s price;

3. Promoting innovation in recycling technology.

Take-backs make these goals a reality by creating incentives for companies to redesign their
products by incorporating safer materials and making products easier to recycle and reuse. The
greatest take-back activity has been in Europe, where government-sponsored take-back
initiatives arose from concerns about scarce landfill space and potentially hazardous substances
in component parts. The European Union adopted a directive on Waste Electrical and Electronic
Equipment (WEEE). The purpose of this directive is to prevent the production of WEEE and also
to encourage reuse and recycling of such waste. The directive requires the Member States to
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encourage design and production methods that take into account the future dismantling and
recovery of their products. The United States, in contrast, imposes no take-back requirements
at the federal level, partly because the U.S. Environmental Protection Agency (EPA) lacks the
authority to enforce them on a national level.

Extended Producer Responsibility is becoming an increasingly popular solution to the problems
of E-waste. Although the United States does not currently have a national law or policy
requiring producer responsibility, many states have already passed laws requiring producer
responsibility and many others are currently working towards passing producer responsibility
laws. Currently more than twenty states have passed such laws. Instead of communities or the
government having financial and physical responsibility of recycling hazardous electronics,
Extended Producer Responsibility laws across the country are demanding manufacturers of
these products to take responsibility for their reuse, recycling, and disposal.

When producers are held directly accountable for their products end of life impact or recycling
under Extended Producer Responsibility laws, there are many positive consequences. Because
producers either face a financial or physical burden of recycling their electronics after use,
producers are more willing to design more sustainable, less toxic, and easily recyclable
electronics. They are encouraged to use less materials and design their product to last longer in
order to cut costs. Extended Producer Responsibility has the potential to alter the industry
standard of planned obsolescence by encouraging a longer life to reduce overall cost of
production and recycling. EPR’s can also affect more than just product design; because
producers are so invested in the recycling process, it is likely that they will search for better
ways to recycle as well as take advantage of all of the materials they can reuse. Current and
future programs are supported by environmental groups, government recycling and disposal
facilities, and citizens across the country.

Although Producer Responsibility or Take-back laws have been successful in the past for items
such as packaging and diapers, electronics are incredibly more complex and difficult to break
down and safely recycle. Due to the complexity and lack of recycling techniques for electronics,
Extended Producer Responsibility laws could increase the cost of electronics for consumers
because producers would be adding recycling costs into the initial price tag of items. Companies
would be forced to transport the waste to a recycling facility or build their own, both of which
are incredibly expensive. Many organizations and researchers against EPR claim that the
mandate would slow technical innovation and impede technological process. One of the major
setbacks for current EPR laws is the lack of industry standards. There are no industry or national
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regulations or guidelines for recycling of electronics. Because most EPR laws or mandates are
relatively new, benefits and outcomes in general are still fairly ambiguous.

EPR has been implemented in many forms, which may be classified into three major
approaches:

e Mandatory
e Negotiated
e Voluntary

It is perhaps because of the tendency of economic policy in market-driven economies not to
interfere with consumers’ preferences that the producer-centric representation is the
dominant form of viewing the environmental impacts of industrial production: in statistics on
energy, emissions, water, etc., impacts are almost always presented as attributes of industries
(‘on-site’ or ‘direct’ allocation) rather than as attributes of the supply chains of products for
consumers. On a smaller scale, most existing schemes for corporate sustainability reporting
include only impacts that arise out of operations controlled by the reporting company, and not
supply-chain impacts According to this world view, “upstream and downstream
[environmental] impacts are [..] allocated to their immediate producers. The institutional
setting and the different actors’ spheres of influence are not reflected.".

On the other hand, a number of studies have highlighted that final consumption and affluence,
especially in the industrialized world, are the main drivers for the level and growth of
environmental pressure. Even though these studies provide a clear incentive for
complementing producer-focused environmental policy with some consideration for
consumption-related aspects, demand-side measures to environmental problems are rarely
exploited.

The nexus created by the different views on impacts caused by industrial production is
exemplified by several contributions to the discussion about producer or consumer
responsibility for greenhouse gas emissions. Emissions data are reported to the IPCC as
contributions of producing industries located in a particular country rather than as
embodiments in products consumed by a particular population, irrespective of productive
origin. However, especially for open economies, taking into account the greenhouse gases
embodied in internationally traded commaodities can have a considerable influence on national
greenhouse gas balance sheets. Assuming consumer responsibility, exports have to be
subtracted from, and imports added to national greenhouse gas inventories.
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In Denmark for example, Munksgaard and Pedersen (2001) report that a significant amount of
power and other energy-intensive commodities are traded across Danish borders, and that
between 1966 and 1994 the Danish foreign trade balance in terms of CO2 developed from a 7
Mt deficit to a 7 Mt surplus, compared to total emissions of approximately 60 Mt. In particular,
electricity traded between Norway, Sweden and Denmark is subject to large annual fluctuations
due to varying rainfall in Norway and Sweden. In wet years Denmark imports hydro-electricity
whereas electricity from coal-fired power plants is exported in dry years. The official Danish
emissions inventory includes a correction for electricity trade and thus applies the consumer
responsibility principle.

Similarly, at the company level, “when adopting the concept of eco-efficiency and the scope of
an environmental management system stated in for example I1SO 14001, it is insufficient to
merely report on the carbon dioxide emissions limited to the judicial borders of the company”.
“Companies must recognize their wider responsibility and manage the entire life-cycle of their
products ... Insisting on high environmental standards from suppliers and ensuring that raw
materials are extracted or produced in an environmentally conscious way provides a start”. A
life-cycle perspective is also taken in Extended Producer Responsibility (EPR) frameworks:
“Producers of products should bear a significant degree of responsibility (physical and/or
financial) not only for the environmental impacts of their products downstream from the
treatment and disposal of their product, but also for their upstream activities inherent in the
selection of materials and in the design of products”. “The major impetus for EPR came from
northern European countries in the late 1980s and early 1990s, as they were facing severe
landfill shortages. [... As a result,] EPR is generally applied to post-consumer wastes which place
increasing physical and financial demands on municipal waste management."

EPR has rarely been consistently quantified. Moreover, applying conventional life cycle
assessment, and assigning environmental impacts to producers and consumers can lead to
double-counting. Using input-output analysis, researchers have attempted for decades to
account for both producers and consumers in an economy in a consistent way. Gallego and
Lenzen demonstrate and discuss a method of consistently delineating producers' supply chains,
into mutually exclusive and collectively exhaustive responsibilities to be shared by all agents in
an economy. Their method is an approach to allocating responsibility across agents in a fully
inter-connected circular system. Upstream and downstream environmental impacts are shared
between all agents of a supply chain - producers and consumers.
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2.3 Polluter Pays Principle

In environmental law, the polluter pays principle is enacted to make the party responsible for
producing pollution responsible for paying for the damage done to the natural environment. It
is regarded as a regional custom because of the strong support it has received in most
Organization for Economic Co-operation and Development (OECD) and European Community
(EC) countries. In international environmental law it is mentioned in Principle 16 of the Rio
Declaration on Environment and Development.

The polluter pay principle underpins environmental policy such as an ecotax, which, if enacted
by government, deters and essentially reduces the emitting of greenhouse gas emissions. Some
eco-taxes underpinned by the polluter pays principle include: the Gas Guzzler Tax, in U.S,,
Corporate Average Fuel Economy (CAFE)- a "polluter pays" fine. The U.S. Superfund law
requires polluters to pay for cleanup of hazardous waste sites, when the polluters can be
identified.

Polluter pays is also known as extended polluter responsibility (EPR). This is a concept that was
probably first described by the Swedish government in 1975. EPR seeks to shift the
responsibility dealing with waste from governments (and thus, taxpayers and society at large)
to the entities producing it. In effect, it internalizes the cost of waste disposal into the cost of
the product, theoretically meaning that the producers will improve the waste profile of their
products, thus decreasing waste and increasing possibilities for reuse and recycling.

OECD defines EPR as:

A concept where manufacturers and importers of products should bear a significant degree of
responsibility for the environmental impacts of their products throughout the product life-cycle,
including upstream impacts inherent in the selection of materials for the products, impacts from
manufacturers’ production process itself, and downstream impacts from the use and disposal of
the products. Producers accept their responsibility when designing their products to minimize
life-cycle environmental impacts, and when accepting legal, physical or socio-economic
responsibility for environmental impacts that cannot be eliminated by design.

The U.S. Environmental Protection Agency (EPA) has observed that the polluter pays principle
has typically not been fully implemented in U.S. laws and programs. For example, drinking
water and sewage treatment services are typically subsidized and there are limited mechanisms
in place to fully assess polluters for treatment costs.
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3. Solid Waste Management in the U.S.

3.1 Introduction

Solid waste management practices in the United States have changed substantially over the
past 20 years. During this time period, management of the wastes has shifted from primarily
collection and land disposal methods to a diverse spectrum of methods directed toward
recycling and energy recovery.

3.2 Infrastructure for Solid Waste Infrastructure

Factors that govern the methods of managing solid wastes in the United States include the size
of the community, availability and cost of disposal alternatives, mandated levels of waste
diversion, community sentiment, and available financial resources. The responsibility for waste
management is typically at the municipal or county level. In many cases, local authorities
(consortiums of municipalities or counties) manage solid wastes for their participants. The
authorities are formed because of certain political, financial, and legal benefits with regard to
planning and operating solid waste management systems. Environmental requirements for
solid waste management systems are imposed at the state level, and at the Federal level by the
U.S. Environmental Protection Agency (U.S. EPA).

Solid waste management services in the United States are provided by both the public and the
private sectors. Recently, there has been a trend toward privatization of solid waste
management services. Factors affecting the choice of public or private ownership and operation
of solid waste management services include the degree of control desired by the communities
and the risk and extent of financial liability.

3.3 Waste Generation and Composition

In 2007, the generation of municipal solid waste (MSW) in the United States was about 556
million tons. This rate of generation (i.e., disposed wastes plus wastes diverted from disposal
via recycling or composting) is approximately equivalent to 8.3 pounds of waste per person per
day. In 2007, approximately 36% of generated waste was paper and paperboard materials. Yard
waste composed about 14% of the generated waste stream.
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Figure 117: Composition of MSW Generated in the United States (2007)
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3.4 Waste Management Techniques

The primary methods of managing solid waste in the United States are landfills, recycling or
composting, and waste-to-energy (WTE). Source reduction of wastes is also practiced, and has
recently gained attention. On average, about 27% of the solid waste in the United States is
recovered and recycled or composted, 17% is burned in combustion facilities, and the
remaining 55% is disposed in sanitary landfills. Reliable data on the extent of source reduction
achieved in the United States has yet to be reported.
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Figure 118: Methods of Managing Solid Waste in the United States
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The estimated number of solid waste management systems and facilities in the United States is
presented in the table below. Many communities utilize a combination of these systems to
manage their wastes effectively.

Table 42: Estimated Number of Solid Waste Management Systems in the United States

Source-separated curbside collection systems 9,000
Materials recovery facilities 300
Yard waste composting systems 3,000
Waste-to-energy facilities 110
Sanitary landfills 2,500

Source: U.S. EPA

Source Reduction (Waste Prevention)

Practices such as recycling of grass clippings on lawns, backyard composting, two-sided copying
of paper, and transport packaging reduction by industry have been instituted to decrease the
amount of solid waste requiring collection, treatment, and disposal.
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Recycling and Composting

Recycling, including composting, diverted 57 million tons of material away from landfills and
WTE facilities in 2007, an increase of 67% in waste diversion since 2000. The nationwide
recycling rate was approximately 27% in 2007, versus about 10% in 1998.

Among the programs in the United States, materials that typically are recycled include paper
and paperboard (about 42% of generation) and yard trimmings (about 41%). These materials
and others are recycled through curbside collection programs, drop-off centers, buyback
programs, and container deposit systems. Recovery rates for paper and paperboard, yard
waste, and some other material types.

Table 43:Estimated Recovery Rates of Selected Material Types
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The quantities of materials recycled have increased substantially over the past 15 to 20 years.
Markets for secondary materials have expanded greatly over the years for some types of
materials. The ceiling of the market demand for secondary materials is not well defined,
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although recently secondary materials markets have been depressed due to an imbalance of
supply and demand.

Waste-to-Energy

In 2007, about 110 waste-to-energy facilities operated in the United States. The installed
capacity was about 100,000 tons of MSW per day. Currently, few WTE projects are planned and
constructed in the United States. The emphasis of treatment has shifted to recycling and
composting.

Landfills

The number of landfills in the United States has steadily decreased over the past 10 years, from
about 8,000 in 1999 to about 2,500 in 2009. The reduction in the number of landfills occurred
primarily in response to strict performance requirements placed on existing and new landfills,
commencing in 1991 when new U.S. EPA landfill regulations went into effect. Despite the
decrease in the number of landfills during the last decade, landfill capacity has remained
relatively constant. New landfills are generally much larger than those constructed in the past -
a

result of strict landfill regulations (including long-term environmental monitoring and
requirements for financial assurance), of the difficulty of siting landfills, and of economies of
scale. Approximately 220 landfills recover energy from landfill gas (LFG). About 75% of these
landfills use LFG to generate electricity onsite, and the remaining 25% export LFG for offsite
use.

3.5 Conclusion

Solid waste management in the United States has shifted over the past 20 years from collection
and disposal to collection, treatment, and disposal. Recycling and composting divert substantial
guantities of wastes from disposal.

Consolidation of landfill capacity has occurred over the past 10 years and is likely to continue to
be the trend for the foreseeable future in response to environmental regulations, local
opposition to sites, and cost competitiveness.

Increases of current recycling rates likely will require expansion of market capacity to absorb
the larger quantities of waste-derived materials. In many regions of the United States, the more
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lucrative material types are already being recovered. Thus, in those cases, additional diversion
must come about by recovery and marketing of less marketable types of materials.
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Section 13: Analysis of Renewable Electricity Integration on
the U.S. Smart Grid
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1. Renewable Electricity Integration on the U.S. Smart Grid

1.1 Introduction

The United States has ample renewable energy resources. Land-based wind, the most readily
available for development, totals more than 8000 GW of potential capacity. The capacity of
concentrating solar power is nearly 7,000 GW in seven southwestern states. The generation
potential of photovoltaics is limited only by the land area devoted to it, 100—250 GW/100 km?2
in the United States. To illustrate energy capacity vs. projected demand, the U.S. generated
electric power at an average rate of approximately 450 GW in 2009, with peaks over 1000 GW
during the summer months. By 2035, electricity demand is projected to rise 30%.

To date, 30 states, plus the District of Columbia have established Renewable Portfolio
Standards (RPS) to require that a minimum share of electrical generation is produced by
renewable sources. In addition to state policies, federal policymakers have put forward
proposals to establish a national RPS, making the need for technological developments more
urgent.

However, developing renewable resources presents a new set of technological challenges not
previously faced by the grid: the location of renewable resources far from population centers,
and the variability of renewable generation. Although small penetrations of renewable
generation on the grid can be smoothly integrated, accommodating more than approximately
30% electricity generation from these renewable sources will require new approaches to
extending and operating the grid.

The variability of renewable resources, due to characteristic weather fluctuations, introduces
uncertainty in generation output on the scale of seconds, hours and days. These uncertainties,
affect up to 70% of daytime solar capacity due to passing clouds and 100% of wind capacity on
calm days for individual generation assets. Although aggregation over large areas mitigates the
variability of individual assets, there remain uncertainties in renewable generation that are
greater than the relatively predictable uncertainties of a few percent in demand that the grid
deals with regularly.

Greater uncertainty and variability can be dealt with by switching in fast-acting conventional
reserves as needed on the basis of weather forecasts on a minute-by-minute and hourly basis;
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by installing large scale storage on the grid or; by long distance transmission of renewable
electricity enabling access to larger pools of resources in order to balance regional and local
excesses or deficits. At present, renewable variability is handled almost exclusively by ramping
conventional reserves up or down on the basis of forecasts. However, as renewable penetration
grows, storage and transmission will likely become more cost effective and necessary.

In an October 27th, 2009 speech to mark the start-up of a solar energy plant in Arcadia, Florida,
President Obama spoke about the urgent need to update the antiquated U.S. power grid to
more efficiently move electricity around the country. He commended Florida Power and Light
for building a renewable energy plant that would “produce enough power to serve the entire
city of Arcadia” and save 575,000 tons of greenhouse gas emissions over the next 30 years—the
equivalent of removing more than 4,500 cars from the road each year for the life of the
project.” But, the president said, this wasn’t enough. The grid would need to be updated to
handle these new sources of electricity.

“..we’ve got to do more than just add extra solar megawatts to our electrical grid. That’s
because this grid—which is made up of everything from power lines to generators to the meters
in your home—still runs on century-old technology. It wastes too much energy, it costs us too
much money, and it’s too susceptible to outages and blackouts. To offer one analogy, just
imagine what transportation was like in this country back in the 1920s and 1930s before the
Interstate Highway System was built. It was a tangled maze of poorly maintained back roads
that were rarely the fastest or the most efficient way to get from point A to point B. Fortunately,
President Eisenhower made an investment that revolutionized the way we travel—an
investment that made our lives easier and our economy grows.”

In the late 1990s, in tandem with reorganization of their electric utility industries to permit
increased competition, a number of states established Renewable Portfolio Standards (RPS) to
encourage electrical production from renewable sources such as wind, solar, and biomass.
Since that time, 30 states and the District of Columbia have established an RPS. Some of the
most ambitious RPS targets are in California, which is mandated by Executive Order to reach
33% by 2020 and New York, with a 30% target by 2015. While a number of states have or will
soon reach a 20% RPS, the technological leap to reach 30% or more will pose technological
challenges which will make it necessary for the Federal government and utilities to conduct
additional research and invest in more resources. Without such investments, it is unlikely that
all the required mandates can be met.
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In addition to state policies, federal policy makers have put forward proposals to establish a
national RPS, making the need for technological developments even more urgent. Federal
legislative proposals to establish a national RPS date back to the 105th Congress. In the House
of Representatives, the American Clean Energy and Security Act of 2009 (ACES) would require
investor-owned utilities to purchase 6% of their power from renewable energy sources by 2012,
gradually rising to 20% by 2020. In the Senate, the American Clean Energy Leadership Act of
2009 would require an increasing share of electricity to be generated from renewable sources,
and up to a 15% share by 2021.

To begin addressing the technological hurdles incumbent in surpassing the 20% RPS level, the
American Recovery and Reinvestment Act of 2009 (ARRA) (Title 1V) therefore provides $4.5
billion to the Department of Energy Office of Electricity Delivery and Energy Reliability,
including grid modernization and related technologies, such as electricity storage. The funds
will support implementation of the Smart Grid programs authorized by the Energy
Independence and Security Act of 2007 (Title 13), which includes Smart Grid technology
research, development and demonstration projects, and the federal matching fund for Smart
Grid technologies with funds distributed through a competitive grant process.

But funding alone may not be enough. To fully prepare for higher levels of renewable energy on
an aging grid system, the Federal government and utilities should conduct a comprehensive
review and inventory of the technological challenges. They should also establish an adequate
business case, which will incentivize utilities to make the large-scale investments needed to
meet these RPS levels. Because no such business case has been made to utilities, they have
been loath to make these investments in order to accommodate the higher RPS levels.

The definition of renewable energy differs between policy proposals, reflecting regional issues
and concerns. While geothermal, ocean tidal, ocean wave, incremental hydro, biomass, and
captured landfill methane are sometimes included in RPS mandates, wind and solar energy are
universally included in these mandates. To date, these two sources have received considerably
more investment than other renewable energy sources.

1.2 Technical Issues Facing the Industry

The United States has ample renewable energy resources. Land based wind, the most readily
available for development totals more than 8000 GW of potential capacity. The capacity of
concentrating solar power (solar thermal energy driving conventional generators) is nearly
7,000 GW in seven southwestern states. The generation potential of photovoltaics is limited
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only by the land area devoted to it, 100-250 GW/100 km2 in the United States. By comparison,
the United States generated electric power at an average rate of approximately 450 GW in
2009, peaking to over 1000 GW during the summer months. By 2035, electricity demand is
projected to rise 30%. In 2009, wind accounted for about 1.8% and solar about 0.07% of the
electricity generated in the U.S.. Wind and solar can easily supply a larger fraction of the
nation’s electricity needs than the 20%—30% RPS now under consideration.

However, developing renewable resources, presents a set of technological challenges not
previously faced by the grid: the location of renewable resources far from population centers,
and the variability of renewable generation. The grid is an historical patchwork of local or
regional generation resources and loads, with electricity generation located as far as 1000 miles
from population centers. The ownership and regulation of the grid is likewise divided along
local or regional lines. Transmitting wind electricity from their sources to distant population
centers strains the physical, ownership and regulatory structure of the grid. Therefore, at higher
RPS levels, accommodating these renewable resources requires new approaches to extending
and operating the grid.

Another issue is the variability of renewable resources due to the characteristics of weather.
This characteristic introduces uncertainty in generation output on time scales of seconds, hours
and days. These uncertainties, affecting up to 70% of daytime solar capacity due to passing
clouds, and 100% of wind capacity on calm days, are much greater than the relatively
predictable uncertainties of a few percent in demand that system operators now deal with
regularly. Variability becomes increasingly difficult to manage as penetration levels increase.
But technology can accommodate this variability by: augmenting generation by using fast-
acting conventional reserves when renewable energy resources are expected to decrease; by
installing energy storage on the grid, or by better long distance transmission which enables
access to larger pools of resources to balance regional and local excesses or deficits. Right now,
renewable energy variability is handled almost exclusively by ramping conventional reserves up
or down on the basis of forecasts. But, as renewable energy penetration grows, large-scale
storage, fast-acting resources, and better long distance transmission will become more
important to accommodate high-levels of variability in generation.
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Figure 119: Wind generation and system load over a two week period in the Xcel system in Minnesota.
Wind provides 1500 MW capacity on a 10000 MW peak capacity system
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The figure above illustrates the variability of renewable resources by depicting generation and
load variation over a two-week period for the Xcel system in Minnesota, a system with 1,500
MW of wind capacity on a 10,000 MW peak-load system.

Wind variability is high, showing periods of maximum production for two days, and other times
of calm for nearly two days. New levels of accuracy and detail in forecasting to deal with these
generation uncertainties will be required as RPS levels increase. This includes: wind predictions
on a much more frequent basis (i.e. a sub-hourly, hourly and daily basis) and the translation of
those predictions to power generation forecasts for specific wind plants.
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Figure 120: Power Output of a Turbine Varies with Wind Speed, Turning Off at High Speed to Protect
from Damage
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The magnitude and variability of wind power depends not only on the wind but also on the
turbines that convert wind to electric power. The power curve of a typical turbine is shown in
the figure above. The output of a turbine rises steadily with the wind speed and produces
maximum power over its designed operating range. At high wind speeds, however, it turns off
to protect itself from damage, and the output quickly drops to zero. Turbine performance is
also affected by other local conditions, including topographical features and the density of the
air, which, in turn, depends on temperature and humidity.

All the sections which follow, addresses the challenges of dealing with variability and the
remote location of renewable resources through forecasting, energy storage and long distance
transmission.

1.3 Importance of Forecasting

The high variability of renewable generation, up to 100% of capacity, makes forecasting critical
for maintaining the reliability of the grid. Improving the accuracy and the confidence level of
forecasts is critical to the goal of reducing the conventional reserve capacity, and will result in
substantial savings in capital and operating costs.
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The variability of renewable energy is easily accommodated when demand and renewable
supply are matched - both rising and falling together. However when demand and renewable
supply move in opposite directions, the cost of accommodation can rise significantly. For
example, if the wind blows strongly overnight when demand is low (as is often the case), the
renewable generation can be used only if conventional base-load generation such as coal or
nuclear is curtailed, an expensive and inefficient option that may cause significant reliability
issues. Alternatively, on calm days when there is no wind power, the late-afternoon peak
demand must be met entirely by conventional generation resources, requiring reserves that
effectively duplicate the renewable capacity. Reducing the cost of dealing with these two cases
is a major challenge facing renewable integration.

1.4 Working on the Accuracy of the System

The level of confidence for operators in forecasts is as important as accuracy. Low confidence
levels require operators to maintain high levels of reserves even if the forecast itself calls for
steady output. Estimating the confidence level of forecasts is becoming more common, but the
techniques must become more sophisticated. Once this occurs, operators can have a greater
degree of confidence in forecasts which will reduce the cost of balancing supply with demand
by as much as 39%.
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Figure 121: Three forecasts for wind power in the Alberta Electric System Operator wind system. Only

one of the three predicted the four-hour morning lull, and none predicted the range of variability.
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The figure above illustrates the present state of wind forecasting. During a 24 hour period
predictions of wind power generation for the Alberta Electric System Operator varied by a
factor of 20 among three forecasts at times and by a factor of 1.5-2 over most of the range. The
actual wind generation level varied over the course of four hours from following the lowest of
three forecasts to following the highest. At times, the actual wind was a factor of 10 below the
two highest forecasts and at other times 50% larger than the lowest forecast. Discrepancies of
this size between predicted and actual wind generation are typical of other wind plants. At the
present immature stage of forecasting accuracy, consulting several forecasts from independent
providers is a critically important practice.
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Figure 122: Reduction in the Error of Forecasts Aggregated Over Large Areas
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The accuracy and confidence level of forecasts can be improved by aggregation over a wider
area. For example, over a distance of approximately 1000 km, typical for a German forecast, the
forecasting error is reduced to 42% of that for a single turbine, as shown in the figure above.
Combining the four forecasting areas of Germany reduces the two-hour ahead forecasting error
by 25%.

The benefits of larger areas apply to balancing generation and load as well as to forecasting.
Extending the balancing area over which generation and load are matched and eliminating
transmission constraints within this area significantly reduce the cost of renewable integration
by compensating local up-ramps with distant down-ramps. Consolidating the four balancing
areas of Minnesota, for example, reduces ramping requirements by 14%.

Even longer distance balancing can be achieved with national coordination of forecasts and
power flows. An excess of generation in the north central U.S., for example, might be balanced
by a generation deficit in the northeast. This requires not only high capacity long-distance
transmission, but also accurate and correlated forecasts for distant regions at the hours-ahead
or day-ahead time scale. Such national coordination of forecasts is not currently done. A
coordinating body would be required to match forecast excesses with deficits and oversee the
required long-distance power transmission.
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Forecasting renewable generation and balancing generation with load illustrate the need for
new approaches to coordinating the grid across local physical ownership and regulatory
boundaries to accommodate renewable energy.

1.5 Integrating Weather Forecasts with Power Generation Forecasts

To be useful to the system operator, weather forecasts must be converted to forecasts of the
power expected to be generated by wind plants. This is typically done with the assistance of a
physical model, a statistical analysis process, an artificial intelligence-based learning system, or
some combination of these techniques. All of these techniques rely on historical wind plant
output data from the site to perform the analysis, correlations, and training of the system to
produce an accurate forecast. Such forecasts depend on much more than the wind speed. The
availability of turbines, their power curves and the possibility of curtailment due to wind speeds
above the cut-off value must be taken into account. Curtailment during high winds may be
especially serious, as it can cause a gradual ramp-down of generation over two hours as an
increasing number of individual turbines reach their cutoff speeds. Topographical effects that
produce local wind currents are important, as is the density of the air that depends on
temperature and humidity.

The success of forecasting is dependent upon operator experience and confidence. Just as
airline pilots know that weather and turbulence forecasts need not be perfect to be useful,
increasingly experienced system operators will be able to better use forecasts to their
advantage. It may be more useful to view forecasting in terms of identifying periods of
operational risk or uncertainty, and training operators to take mitigating action under those
conditions, instead of focusing on the accuracy of forecasting.
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2. Grid-level Energy Storage

2.1 Introduction

As renewable energy penetration grows, the increasing mismatch between variation of
renewable energy resources and electricity demand makes it necessary to capture electricity
generated by wind, solar and other renewable energy generation for later use. Storage can help
smooth fluctuations in generation inherent in wind or solar energy.

2.2 Is it Feasible to Store Energy on a Grid Level?

Grid level or stationary utility energy storage includes a range of technologies with the ability to
store electricity on the grid and that allow it to be dispatched as needed. Energy storage can
enhance the reliability and resilience of the grid through short-term storage for peak-shaving
and power quality uses and longer-term storage for load-leveling and load-shifting applications.
As larger amounts of intermittent renewable energy sources such as wind and solar energy
enter the market, grid energy storage becomes a means of compensating for generation
fluctuations of these sources on timescales ranging from seconds to hours. Some estimates
suggest that 300 GW of additional wind energy requires 50 GW of conventional reserve to
account for the variability added to the grid system.

Large-scale energy storage on the electric grid is not a new concept. The current grid uses
pumped hydro and to a lesser extent, compressed air energy storage (CAES) for these purposes.
These options could be expanded, but are limited to geographically appropriate sites. They
have the advantage of fast response; a few minutes or less for pumped hydro and about 10
minutes for CAES.

948
2. Grid-level Energy Storage



U.S Clean Energy Sector Opportunities

Figure 123: Compressed air energy storage system. Compressed air mixed with natural gas is stored in a

geological formation, to be released and ignited to drive a turbine to produce electricity.
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Batteries offer another means of grid-level energy storage by converting electricity to chemical
energy during times when electrical supply exceeds demand. Unlike pumped hydro and CAES,
battery storage is feasible for any geographical location. Thermal storage using molten salts or
other media is effective for concentrating solar power plants like the solar energy generating
systems in the U.S. Mojave desert, and the Andasol plants near Granada, Spain. Thermal
storage stabilizes fluctuations due to passing clouds and allows electricity to be produced after
the hours of peak sunshine.

Flywheels are being effectively used in California and New York for frequency regulation, which
will become more important with increased integration of variable power sources. The
international fusion community uses flywheels to store. Superconducting magnetic energy
storage (SMES) with a capacity of a few MJ is used for regulating power quality. Much higher
power and energy SMES—that can deliver 100 MW of power for seconds to minutes—has been
developed for fusion applications. The opportunities for lower cost and higher energy storage
capacity are related to the cost and maximum magnetic field strength of superconducting wire.
Synergies between DC superconducting transmission and SMES offer cost and technology
savings opportunities.
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Increased interest in this area has led ARPA-E to recently issue a broad call for proposals for
utility scale energy storage including each of the categories described here. Use of energy
storage for utility applications can be divided into three categories: (1) for base load bulk power
management, (2) for grid support in the form of distributed or load leveling storage, or (3) for
power quality and peak power storage, including uninterruptable power supply applications.
Within each of these broad categories, different timescales from seconds to hours apply. The
purpose of the storage and the timescale of response determine which energy storage
technologies are best suited for a given application.

Figure 124: Energy Storage Options
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Currently, the most pervasive use of large-scale chemical energy storage is for power quality in
the form of uninterrupted power supplies (UPS). UPS is used to protect expensive electrical
assets such as computer data centers and critical infrastructure. Such systems do not require
high-energy content since most power outages are less than a minute in length. Lead acid and
metal hydride batteries are the mainstays of this industry. In addition to peak shaving, storage
can also help manage the transmission capacity for wind energy resources. By adding energy
storage, wind plants located in remote areas can store energy from peak periods, allowing for
lower cost. Because the generated electricity can be stored rather than used in real time it
lowers the need for transmission lines, and also allows retailers to maximize profits by selling
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power during peak usage periods, which do not usually correspond with peak wind output
periods. For these applications to become economically favorable, more advanced battery
materials must first become widely available.

2.3 Determining the Scale of Grid Energy Storage

The availability of wind and solar energy sources can vary significantly, sometimes in a matter
of seconds and at other times over hours or even days. The different time frames impose
different energy storage requirements: (1) relatively low capacity but fast response for changes
that occur within seconds or over a period of a few hours and (2) high capacity but slower
response for changes that extend over one or more days. We term the first storage need a
“power application” and the second an “energy application.”

Although storage requirements extend continuously across the time spectrum, and many
storage technologies span the two applications, the simplifying classification allows us to
provide a sense of the physical scale of the storage challenge.

In the accompanying tables, we illustrate the power application storage need for a 70%
reduction in solar photovoltaic (PV) electricity generation or 20% reduction in wind generation,
assuming each occurs over a one-hour period. We also illustrate the energy application storage
need for accommodating 12 hours of solar production and 24 hours of wind production. The
table shows the physical sizes of various kinds of storage units required for a 100 megawatt
solar installation—the generating capacity of typical large photovoltaic and moderate
concentrating solar power (CSP) plants—and for a 750 megawatt wind farm—the capacity of
typical large wind installations. Note that a molten salt thermal storage unit is appropriate only
for a CSP plant.

Table 44: Power Applications

Storage Technology 100 MW Solar PV or CSP 750 MW 'Wind .
70 MWh Storage Capacity 150 MWh Storage Capacity

Lead-acid battery 1170 m? 2500 m?
Lithium-ion battery 194 m? 417 m?
Sodium-sulfur bactery 269 m? 558 m?

Flow battery 2340 m? 5000 m?

Maolten salt thermal 5300 m? Mot Applicable

Source: EIA
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Table 45: Energy Applications

Storage Technology |00 MW Solar PY or CSF’ 750 MW Wind .
1200 MWh Storage Capacity 18000 MWh Storage Capacity
Flow battery 40000 m? 600000 m?
CAES 385000 m? 577 x 108 m?
Pumped hydro 2.14 x10% m (500 m head) 32,0 % 108 m? (500 m head)
Maoleen salt thermal 90900 m? Mot Applicable
Source: EIA

2.4 Battery Energy Storage

Interest in electric drive vehicles is driving a great deal of investment in energy storage R&D for
mobile applications. There is the potential that technological developments for the mobile
application will yield benefits for stationary, grid-scale application as well. However, the electric
vehicle application is considerably more demanding than the grid-energy storage application.
The requirement to store large quantities of energy per unit weight or power delivery per unit
weight is less rigorous in stationary applications than immobile applications. Moreover, vehicle
applications require the technology to be highly impervious to a wide range of temperature and
humidity variations, as well as to extreme vibration environments. The utility application allows
a much greater ability to control the ambient environment, making the battery design
challenges less demanding.

Because of this, battery technologies developed under the DOE’s vehicle technology program in
past years—but later discontinued because of their unsuitability for vehicle applications—may,
once again, be feasible alternatives for stationary applications associated with the grid. In the
1980s and early 1990s, the DOE maintained a diverse portfolio of battery chemistry
technologies for research support under its vehicle technologies program. During the Clinton
administration as part of the Partnership for the New Generation of Vehicles (PNGV) program
DOE focused on two battery chemistries: nickel metal hydride and lithium ion. However, in light
of the potential need for battery storage with greater integration of renewable energy
resources on the grid, it may be useful to revisit the discontinued battery chemistries to assess
whether or not any of them are suitable candidates for today’s utility applications.
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2.5 Battery Materials

Currently, lead acid and sodium sulfur systems have the most extensive track record for large-
scale energy storage.

Lead Acid

In the 1980s, lead acid batteries for utility peak shaving were tested, but the economics at that
time did not support further deployment. However, continued incremental improvements in
lead acid technology and increased energy costs are making use of lead acid more economical.
Recent innovations in lead acid technology demonstrated three to four times the energy
density with improved lifetimes over conventional lead acid batteries. One promising
technology is the combination of ultra capacitors and lead acid batteries into integrated energy
storage devices sometimes referred to as “ultra batteries.”

Sodium Sulfur

Sodium sulfur batteries use molten sodium and sulfur separated by a ceramic electrolyte. This
battery chemistry requires an operating temperature of about 300°C to maintain the active
materials in a molten state. These batteries have a high energy density, a high efficiency, and a
projected long cycle life. Of emerging battery technologies suitable for utility applications,
sodium sulfur batteries are the most technologically mature, and are deployed on a limited
scale in Japan and in the United States. A Japanese firm, NGK Insulators, is responsible for most
of the development and commercialization of sodium sulfur for utility applications.

With additional research and demonstration, other battery technologies also could prove useful
for large-scale energy storage.
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Figure 125: Principle of the Flow Battery, where Energy is Stored in Liquid Electrolytes and Recovered as

Electricity
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Flow Batteries

A flow battery is a rechargeable battery that converts chemical energy to electricity by reaction
of two electrolytes flowing past a proton-exchange membrane, illustrated in the figure above.
The principle is similar to a fuel cell except that the reaction is reversible and the electrolytes
are reused instead of being released to the atmosphere.

Additional electrolyte is stored in external tanks and pumped through the cell to charge or
discharge the battery. The energy storage capacity is limited only by the size of the tanks,
making scale-up relatively easy, with cost-per-unit of energy storage generally lower than for
non-flow batteries, which improves the attractiveness for larger sizes. Flow batteries offer
potentially higher efficiencies and longer life than lead acid batteries. Flow batteries such as
vanadium and zinc bromide (ZnBr) show great promise. Flow batteries have good efficiencies
(over 75%) and long lifetimes (over 10,000 charge discharge cycles) and are scalable because
battery size is determined by the electrolyte holding tank size.
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Vanadium Redox

Flow batteries are a relatively new technology. Energy is stored chemically in different ionic
forms of vanadium in a dilute sulfuric acid electrolyte. The electrolyte is pumped from separate
storage tanks into flow cells. Vanadium flow batteries of 800 kW to 1.5 MW are being
successfully demonstrated outside of the United States in applications such as UPS for
semiconductor manufacturing, island grid capacity firming and grid peak shaving applications.

Zinc Bromide Flow Batteries

Zinc bromide flow batteries are regenerative fuel cells based on a reaction between zinc and
bromide. An aqueous solution of zinc bromide is circulated through two compartments within
the cell from separate reservoirs. While zinc bromide batteries use electrodes as substrates for
the electrochemical reaction, the electrodes themselves do not take part in the reaction;
therefore, there is no electrode degradation with repeated cycling. Several zinc bromide
systems in the 200 to 500 kW range have been demonstrated for peak shaving and island grid
applications.

Further development of liquid metal batteries, polysulfide bromide cells and metal air batteries
could also prove useful. Liquid metal batteries are another class of batteries that potentially
could provide up to 10 times the current energy storage capacity of current batteries. Like the
sodium sulfur battery, liquid mental batteries are a high temperature stationary technology.
Polysulfide bromide (PSB) cells are flow batteries, based on regenerative fuel cell technology,
that react two salt solution electrolytes, sodium bromide and sodium polysulfide. Metal air
batteries have the potential to deliver high energy densities at low cost, but challenges with
recharging have so far precluded commercialization of the technology.

2.6 Outlook for Batteries

Energy storage for grid applications lacks a sufficient regulatory history. This is due to the fact
that utility scale energy storage is very uncommon and, except for pumped hydroelectric
storage, is only being used in pilot projects or site-specific projects. Utilities are therefore
uncertain how investment in energy storage technologies will be treated, how costs will be
recovered, or whether energy storage technologies will be allowed in a particular regulatory
environment.
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Energy storage applications can provide functions related to both generation and transmission,
further confusing the question of regulatory treatment of investments in grid level energy
storage. For example, a utility can use bulk energy storage to store electricity generated during
a low-cost period, such as late at night, to a time of high-cost generation, such as during peak
daytime use. From a regulator’s perspective, the energy provided from the batteries during the
peak period may look like generation. At the same time, however, this strategy could also
reduce transmission congestion, provide voltage support at a time of peak use, and provide
other ancillary services that support transmission functions.

The ability of energy storage technology to fill multiple roles in both transmission and
generation has created confusion and uncertainty about how energy storage should be
regulated.

Moreover, the current system does not fully credit the value of storage across the entire utility
value chain. Generation, transmission, and distribution have been viewed historically as
independent components of the grid system. As a result, cost recovery for grid-level energy
storage investments is challenging. Without clear rules governing cost recovery, utilities tend to
under-invest in energy storage. It is comparatively easier for utilities to invest in conventional
approaches to grid instability, such as natural gas spinning reserves. These more conventional
investments are more likely to be included in the utility’s rate base.

2.7 Concept of Vehicle-to-Grid

If plug-in electric hybrid vehicles (PHEVs) succeed in achieving significant market growth in the
coming decades, the potential will exist to use the on-board energy storage of these vehicles as
distributed energy storage that would be available to the larger grid while the vehicles are
plugged in, or recharging. PHEVs could bring the capability of discharging back to the grid to
improve grid utilization, level demand, and improve reliability.

However, one challenge to such an application will be determining how PHEV usage will
interact with high levels of renewable energy generation capacity, especially wind and solar
power. Both solar and wind power vary diurnally. If the PHEV charging load matches peak
renewable energy production—such as wind power generation in areas where the wind blows
more consistently overnight—then the PHEV load and renewable source will be well matched
temporally. If the PHEV charging does not match daily renewable energy generation cycles well,
then the mismatch is problematic, and deployment of energy storage technology will take on
an even more important role in supporting the attainment of high renewable portfolio
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standards. Smart grid technologies that enable time-of-use pricing could encourage consumers
to match their vehicle charging with times of higher renewable generating capacity.
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3. Long Distance Transmission of Renewable Energy

3.1 Introduction

The advent of solar and wind renewable energy generation brings new challenges for the
collection and long distance transmission of renewable energy, and for distribution of
renewable electricity in power-congested urban areas. Renewable sources are typically
distributed over large areas in the upper central and southwestern United States, far from
demand centers east of the Mississippi and on the West Coast. This means new large area
collection strategies and new long distance transmission capability are required to deliver large
amounts of renewable power a thousand miles or more across the country.

Like the U.S. road system before interstate highways, the power grid is designed to serve local
and regional customers with local and regional generation and delivery infrastructure. To
adequately address our national energy needs in the renewable energy era, the grid must
change its character, from a locally-designed, built and maintained system to one that is
regionally and nationally-integrated. Delivery of increased renewables-based power to urban
areas also presents new challenges.

Today, 82% of the U.S. population lives in urban or suburban settings where power use is high
and demand for increased energy is, and will continue to be, strongest. Renewable electricity
from remote sources helps to meet this demand without increasing carbon dioxide emissions.
However, the additional power currently must be distributed over infrastructure designed and
installed to meet much smaller needs. Congestion on existing lines inhibits growth, and as
urban areas expand and merge, the area over which power distribution needs to be
coordinated grows. The urban setting makes installation of new lines to meet demand growth
expensive and challenging because of the difficulty in securing new “right of way” permits. This
delays the installation of new distribution lines up to 10 years and loads the existing lines well
beyond their design limits.
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Figure 126: Large Separation between Renewable Sources and Demand Centers Requires New Long

Distance Transmission Lines

Source: U.S. DOE

3.2 Options for Long Distance Transmission

Until recently, long distance delivery of electricity over several hundreds of miles remained a
specialized area of technology with a fairly small demand and footprint. Most cities are served
by nearby fossil coal or gas generation plants, requiring transmission over short distances. An
exception is hydroelectric generation in Canada and the northwest U.S., which produces large
amounts of power far from demand centers and justifies long distance transmission. For
distances greater than a few hundred miles, direct current (DC) transmission is favored over
alternating current (AC) for its lower electrical losses and lower cost. The challenge for DC
transmission is the conversion technology from AC sources to DC transmission and back to AC
for use. The first commercial high voltage DC transmission lines in 1954 used mercury arc
converters for AC-DC conversion, replaced by semiconductor thyristors in 1972, and by
insulated gate bipolar transistors (IGBTs) in the 1980s.

Although technical progress is reducing the cost of semiconductor power electronics, the cost
and technical challenge of AC-DC conversion is still a major barrier for increasing DC
transmission.
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The mandated growth of wind and solar generation through Renewable Portfolio Standards
(RPS) to 20% or 30% of electricity supply by 2020 or 2030 dramatically changes the landscape of
long distance transmission. Such large fractions of renewable power often are not found within
a 100 miles of urban load centers, and community concern about visual esthetics creates
barriers to installation of the large scale wind or solar plants needed to supply such population
centers.

Rooftop photovoltaics can alleviate some of the need for long-distance transmission, but often
at a higher cost than wind or concentrating solar power, and with smaller but significant
esthetic concerns. Renewable portfolio standards and the development of large-scale wind and
solar resources require a significant investment in raising the capacity and efficiency of long-
distance electricity transmission. This long distance transmission challenge is exacerbated by
the historically low investment in transmission in the U.S. From 1988—-1998 electricity demand
grew by 30% while transmission increased by only 15%. From 1999-2009 demand grew by 20%
and transmission by only 3%.

3.3 Options for Direct Current Transmission

The looming investments in long distance electricity transmission justify a close look at the
technology choices available to meet the need. Electric power is proportional to the product of
current and voltage, while losses are proportional to the square of current. Raising voltage and
significantly lowering current reduces losses when transmitting high power over long distances
requires. For example, the largest high voltage direct current transmission project, the
Xiangjiaba line terminating in Shanghai, China, operates at 800 kV and delivers 6 GW of power
over 2000 km. Such high voltages strain the capability of semiconductor power electronics to
interconvert between AC and DC, driving up the cost and limiting the penetration of
conventional DC technology. The losses in such a long DC transmission line can be as high as
10%.

While high voltage DC is the preferred transmission mode for long distances, there are
drawbacks to implementing it for renewable electricity transmission. It requires a single point
of origin and termination, precluding wide area DC collection and end user distribution
schemes. In addition, the high voltage requires expensive and technically challenging
conversion by semiconductor power electronics between AC and DC, and it requires unsightly
towers and substantial right of way that can take a decade or more to gain approval in all the
relevant—but uncoordinated—regulation zones. Despite these drawbacks, conventional high
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voltage DC transmission is a mature technology that can be implemented to meet renewable
electricity transmission needs over moderate distances.

Additional high voltage DC transmission within one- or two-state regions is needed to link
regional renewable electricity sources to population centers.

Underground superconducting DC transmission lines are an emerging option that offers a
potential route to a national renewable electricity transmission system. Superconducting DC
lines operate at zero resistance, eliminating electrical losses for any transmission length.
Because they eliminate loss and produce no heat, superconductors carry much more current
and power than conventional conductors.

Figure 127: Superconducting Cables made from Tapes Like Those Shown on the Right Carry Up to Five

Times the Power of Conventional Copper in the Same Cross Sectional Area

Source: American Superconductor

Without losses to minimize, there is no need to raise voltage and lower current to extreme
levels. Operation at 200 kV—400 kV enables multi-terminal “entrance and exit ramps” that
collect power from several wind or solar plants and deliver it to several cities as it makes its way
east or west. Recent feasibility studies by EPRI show that superconducting DC transmission lines
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carrying 10 GW of power 1600 km can be integrated into the grid, while maintaining transient
and short term voltage stability.

While superconducting DC cables have no electrical losses, they require refrigeration to
maintain them at superconducting temperatures, often to the point of liquid nitrogen, 77 k.
Technology development of refrigeration systems and dielectric for electrical insulation that
operate effectively at these temperatures are needed to lower the cost of long-distance
superconducting transmission.

Superconducting DC transmission couples naturally with superconducting magnetic energy
storage (SMES), where electrical energy is stored in superconducting magnets with low loss,
deep discharge capability and fast response time. The potential synergies of DC
superconducting transmission and SMES are promising and remain to be evaluated. Laboratory
demonstration of DC superconducting cable has been carried out at Chubu University in Japan.

A proposal for a DC superconducting electricity “pipeline” is shown in the figure below.

Figure 128: Proposed DC Superconductor Electricity Pipeline for Carrying Large Amounts of Renewable

Power Long Distances. Network Provides an Interstate Highway System for Electricity
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Long distance transmission offers a partial solution to the variability challenge of renewable
energy. Balancing generation with load typically takes place within a local or regional balancing
area with sufficient dispatchable conventional resources to meet load fluctuations. Aggregating
wind power over many wind plants substantially increases reliability and decreases
fluctuations, reducing the need for conventional reserves and lowering cost.

The complexity of balancing over large areas with many generation and load resources
eventually limits the size of the balancing area. Even in this case, however, long distance
transmission plays a role. Generation excesses and deficits across the country can be
anticipated by forecasting and matched over long distances to balance the system. An excess of
wind power in the upper central U.S. might be balanced by transmission to a power deficit in
the East. Under these conditions specific excesses and deficits are identified and balanced much
like conventional generation is switched in or out to balance load at present. With adequate
forecasting, such specific opportunities can be identified and arranged in advance and executed
dynamically as the situation develops. This distant generation balancing requires additional
high-capacity long distance transmission that is operator controllable by power electronics,
allowing excess generation in one area to be directed to specific targets of deficit far away,
instead of getting sidetracked in the grid by local conditions

3.4 Power Distribution for Urban Areas

Urban distribution capacity remains a significant challenge to the user side of the grid.
Congestion of power lines in cities and suburbs and the high cost and long permitting times
needed to build new lines could all hold back increasing the use of renewable electricity.
However, the use of superconducting AC cables that carry five times the current of
conventional cables in the same cross-sectional area could solve this problem. Three
demonstration projects in the U.S. have used superconducting AC cables to deliver electricity in
the grid, proving that this approach is technically sound.

For example, the Long Island Power Authority has relied on a superconducting underground AC
cable to deliver 574 MW of power since 2008. Replacing key conventional cables in urban grids
with superconducting counterparts would provide sufficient capacity for decades of growth
without the need for new rights-of-way or infrastructure.

Although the performance of superconducting cables far exceeds that of conventional cables,
the cost is still too high to achieve widespread penetration. Research and development is
needed to bring this technology to the commercial tipping point. Despite the promise of
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superconductivity for renewable electricity transmission and for urban power distribution,
DOE’s Office of Electricity Delivery and Energy Reliability (OE) program for research into high
temperature superconductivity for electric applications will be eliminated in 2012.
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4. Challenges Facing the Industry

A number of challenges continue to drive a more narrow view of the value of renewables
benefits. Some of these challenges are driven by the structure of the utilities and renewables
industry, while others reflect the lack of knowledge - given the early stages of the industry -
that the industry has in technically integrating and seamlessly operating renewables into the
grid. The key factors include:

Beyond the grid boundary: renewables projects are typically seen as generation projects
and, therefore, the value they bring to the grid is not seen as a primary benefit;

Uncertainty on what the benefits are: there are significant challenges in actually
estimating the benefits that an intelligent connection from a renewable into the grid
delivers. This requires a complicated engineering and financial analysis involving power
markets, storage potential, time shifting of usage, peak consumption reductions and the
consequences on prices paid. This enters a level of complexity with many unknowns;

The mandatory “game”: The mandatory nature of RPS often negates the need to
account for the full benefits that a given project delivers. As long as project economics
work the project is justified. The corollary to this is that utilities and renewables
developers often perceive the actual integration as an exercise in justifying the rate
basing of enabling equipment (such as inverters, instrument transformers, and back-up
generation). In addition, many stakeholders (e.g., regional transmission operators) view
system investments to enable integration as critical to maintaining system stability;
hence, investments are made based on risk/consequence rather than with an
understanding of the financial upside;

Too theoretical: Given that technologies are still developing and industry experience is
still limited, skepticism is common and many view these benefits as too theoretical. To
date, the focus has been on getting renewables to run well operationally rather than on
the full benefits that the grid integration can deliver.

These challenges are preventing the inclusion of value that is generated by integrating
renewables with the grid.
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5. Case Study: New York State

New York State serves as a microcosm of the nation’s renewable energy challenges. New York
faces significant transmission challenges with its renewable resources largely upstate and
consumption largely downstate. There are substantial power congestion challenges near dense
population areas. By executive order, New York has mandated an 80% reduction in greenhouse
gas emissions by 2050, goals that are not atypical. New York’s Renewable Portfolio Standard
calls for an aggressive 30% renewable electricity penetration by 2015. All paths toward meeting
these goals require significant electrification of the state’s energy portfolio including light
vehicle transportation. Replacing fossil fuels for transportation with electricity is an effective
carbon mitigation strategy provided the electricity is generated from renewable sources.

In 2008, New York’s electricity consumption was 166,547 GWh, corresponding to an average
power consumption of 19 GW and a summer peak consumption of 34 GW.53 The summer
generating capability in New York in 2009 was 38 GW with approximately 70% from fossil fuels.
In March 2009 the installed wind nameplate capacity (the maximum designed output in strong
winds) in New York was 1.275 GW, with a winter rating of 30% of nameplate capacity and a
summer rating of 10% of nameplate capacity. There are approximately 4.5 GW of hydroelectric
power in the state. The challenge is clear: to meet 10% of New York’s electricity consumption
with wind (hydropower, biomass and solar can supply the remaining RPS) requires 1.9 GW of
wind electricity or 9.5 GW of nameplate capacity, about 7.5 times the current installed capacity.
New York’s aggressive renewable energy goals are consistent with its leading position on
energy—in 2008 it was the second most energy-efficient state on a per capita basis, accounting
for 4.1% of the nation’s energy footprint despite having 6.4% of the nation’s population.

New York is ahead of much of the nation in having significant energy storage capability
including two pumped hydro facilities providing 1.3 GW and development of compressed air
energy storage (CAES) of about 150 MW is under way. The “spin-up” times of energy storage,
about two to three minutes for pumped hydro and about 10 minutes for CAES, allow quick
response to renewable generation variability; fossil fuel powered turbine startup times are
somewhat longer, 20-30 minutes. However, pumped hydro and CAES are not broadly
deployable. The scale of renewable generation envisioned will require significantly enhanced
storage, possibly from utility-scale conventional or flow battery installations, and from
distributed systems such as community storage, home storage, and plug in electric vehicles. The
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system management issues include forecasting renewable generation and balancing it with
demand using reserves and storage.

The geographical separation of renewable generation from consumption is compounded by
transmission system congestion during times of peak load; both challenges require significant
investment in transmission. New York has significant investments in smart grid infrastructure
through the recent Smart Grid Investment Grants and Smart Grid Demonstration Projects that
will promote the integration of storage, forecasting, and transmission advances as they mature.
These investments are laying the groundwork for demand management, two-way
communication (which also enables distributed storage management), better demand
prediction and control, and the potential for enhanced monitoring of the distribution and
transmission systems.

Like the nation, New York has ample renewable resources to meet its renewable portfolio
standards. The challenge is not capacity, but implementation: developing technology to harvest
the plentiful renewable resources, operating procedures to integrate them on the grid, and
regulatory structures to ensure that the grid is reliable and that value and cost are shared
appropriately among stakeholders. The remote location of renewable energy resources and
their high variability requires a new level of wide-area coordination across traditional physical,
ownership, and regulatory boundaries. Developing the necessary technological, operating and
regulatory structures to address these integration challenges is the major energy task for New
York and the nation in the coming decades.
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