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Estimated baseline saturation in North Carolina — 1.3% of newly constructed

homes in North Carolina already participate in the ENERGY STAR® Homes
program. '’

Table A-29 - Summary of Data Sources for ENERGY STAR® Homes program

Cost of ENERGY STAR® qualified home GPC IRP
Cost of standard new home GPC IRP
Energy use of ENERGY STAR® qualified home | GPC IRP
Energy use of standard new home GPC IRP

Useful life of ENERGY STAR® qualified home GPC IRP
Saturation of ENERGY STAR® qualified home ENERGY STAR Homes

Prog.
Market barrier information KEMA
National and regional programs EPA

1.18 Emerging Technologies
1.18.1 Emerging Technologies — LED Lighting

Highly efficient light-emitting diodes (LED’s) are a relatively old technology
(1970’s) and currently dominate the exit sign market as well as being adopted in
many cities for replacement of incandescent lamps in traffic signals. In the
residential market the white light LED has opened the eyes of many lighting
experts; however, they currently do not produce enough lumen output to enable
them to be on a competitive level with many general light sources.

By 2020, solid-state lighting devices such as LED’s could cut electricity used for
illumination by 50 percent, according to a US Department of Energy study and
with continued studies and analyses on this technology, commercial availability
should increase to a substantial level within the near future.'®

1.18.2 Emerging Technologies — Residential Cogeneration Systems

Cogeneration systems in the residential sector have the ability to produce both
useful thermal energy and electricity from a single source of fuel such as oil or
natural gas. This means that the efficiency of energy conversion to useful heat
and power is potentially significant greater than by using the traditional
alternatives of boilers or furnaces and conventional fossil fuel fired central
electricity generation systems'® In one testing case, a collaborative effort
between American Honda Motor Company and Massachusetis-based Climate

178
178
180
181

ibid

Email from Brian Ng, ENERGY STAR Homes, Sept 2006

“LED There Be Light” David Pescovitz. Berkeley Engineering Lab Notes Vol. 2(8) 2002
Residential Cogeneration Systems: A Review of Current Technologies. International Energy
Agency. April 2005.
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Energy, LLC has resulting in-the residential installation of a micro-sized
combined heat and power system combined with a furnace or boiler. This
complete system results in more than 85% efficiency in converting fuel energy
into useful heat and electric power. The unit quietly generates up to three
kilowatts of thermal output per hour and one kilowatt of electricity.'®® However,
as residential scale cogeneration technologies are still in their infancy, the actual
potential for residential cogeneration energy and emissions savings is yet to be
firmly established.

1.18.3 Emerging Technologies ~ Drainwater Heat Recovery Systems

The Gravity Film Heat Exchanger (GFX) is an energy efficiency system designed
to capture the heat in the warm drainwater that falls down a vertical section of
copper drainpipe. Heat transfer, which occurs because the water tends to cling to
the inside of the vertical pipe like a film, can be transferred to cold water
circulating around the outside of the drainpipe. If the drainwater is produced at
the same time as the incoming water (such as the constant flow that occurs from
a shower), the GFX can capture more than half the drainwater energy.'®® This
saves energy otherwise used to generate hot water and effectively extends the
recovery performance of the water heater itself, saving money and increasing
shower capacity in the process.

Drainwater Heat Recovery Systems will be most effective in multi-family
applications to quantify the energy savings and enhanced performance. Although
the technology is suited for single family homes too, the greater throughput of
drainwater from multifamily dwellings is expected to save more energy and
improve the economics of introducing this technology into this sector.'®*

Preliminary findings from a field test utilizing the efficiency measure in one triplex
housing unit determined the drain recovery system would save between 25%-
30% of the total energy needed for hot water production based on the measured
efficiency of the resistance water heater in the triplex. Over the year of this
experiment, the system saved the equivalent of 2800 kWh of electricity. '%

1.18.4 Emerging Technologies ~ Cool Roofs

Cool Roofs are roofs consisting of materials that effectively reflect the sun's
energy from the roof surface. Cool materials for low-slope roofs are mainly bright
white in color, although non-white colors are becoming available for sioped roof
applications. Cool Roofs must also have high emissivity, allowing them to emit

182 “Honda and Climate Energy Provide Innovative and Energy Efficient Heating Solution. * Published

March 2006. Accessed April 2006. (www hondanews. com)

183 “Emerging Technologies. Building Technologies Program.” DOE Energy Efficiency and Renewable
Energy. April 2006. (www eere energy.gov)

194 ibid.

"Preliminary Findings of the GFX Drainwater Recovery System. (Memo)” Prepared by ORNL
Submitted to DOE. Aug. 2000. (www.eere doe org)

185
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infrared energy. Unfortunately bare metals and metallic coatings tend to have low
emissivity and are not considered cool materials.

Cool roofs reduce the roof surface temperature by up to 100 degrees Fahrenheit,
thereby reducing the heat transferred into the building below.'® This helps to
reduce energy costs (by keeping attics and ducts cooler), improve occupant
comfort, cut maintenance costs, increase the life cycle of the roof, and reduce
urban heat islands along with associated smog.

Products for sloped roofs, usually found on residences, are currently available in
clay, or concrete tiles. These products stay cooler by the use of special pigments
that reflect the sun's infrared heat. Lower priced shingles or coated metal roofing
products are not yet available in “cool” versions.

186 "Cool Roofs " Consumer Energy Center. Accessed April 2006. {www.consumerenergycenter.org)
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1.0 Introduction to Commercial Measures

This technical appendix describes a broad range of commercial sector energy
efficiency measures and programs where GDS has assessed the achievable
potential for electric energy savings in North Carolina. The purpose of this
technical appendix is to describe these commercial sector energy efficiency
measures and to provide data on their costs, energy savings and useful lives.
Table 1 shows a list of every measure and its levelized cost per kVWh saved.

Table 1. Commercial Measures - Levelized Cost per kWh Saved

Levelized cost
per kWh
Measure saved
| Space Heating

High Efficiency Heat Pump $0.0050
Ground Source Heat Pump - Heating $0.3420
Water Heating End Use
Heat Pump Water Heater $0.0390
Booster Water Heater $0.2477
Point of Use Water Heater $0.0504
Solar Water Heating System $0.0242
Solar Pool Heating $0.0802
Envelope |
Double Pane Low Emissivity Windows $0.0077
Space Cooling - Chillers
Centrifugal Chiller, 0.51 kW/ion, 300 tons $0.0513
Centrifugal Chiller, 0.51 kW/ton, 500 tons $0.0513
Centrifugal Chiller, Optimal Design, 0.4 kW/ton, 500
tons $0.0513
Space Cooling - Packaged AC
DX Packaged system EER = 10.9, 10 tons $0.0266
DX Packaged System, CEE Tier 2, <20 Tons $0.0179
DX Packaged System, CEE Tier 2, >20 Tons $0.0265
Packaged AC - 3 tons, Tier 2 $0.0488
Packaged AC - 7.5 tons, Tier 2 $0.0425 |
Packaged AC - 15 tons, Tier 2 $0.0405
Ground Source Heat Pump - Cooling $0.2589
Space Cooling - Maintenance
Chiller Tune Up/Diagnostics - 300 ton $0.0339
Chiller Tune Up/Diagnostics - 500 ton $0.0335 |
DX Tune Up/ Advanced Diagnostics $0.1013
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Levelized cost
per KkWh
Measure saved

HVAC Controls
Retrocommissioning $0.0145
Programmable Thermostats $0.0038
EMS install $0.0951
EMS Optimization $0.2968
Ventilation
Dual Enthalpy Economizer - from Fixed Damper $0.0483
Dual Enthalpy Economizer - from Dry Bulb $0.0329
Heat Recovery $0.2215
Fan Motor, 40hp, 1800rpm, 94.1% $0.0178
Fan Motor, 15hp, 1800rpm, 92.4% $0.0064
Fan Motor, 5hp, 1800rpm, 89.5% $0.0127
Variable Speed Drive Control, 15 HP $0.0339
Variable Speed Drive Control, 5 HP $0.0565
Variable Speed Drive Control, 40 HP ' $0.0231
Motors
Efficient Motors $0.0153
Variable Frequency Drives (VFD) $0.0979
Lighting End Use
Super T8 Fixture - from 34W T12 $0.0494
Super T8 Fixture - from standard T8 $0.0427
T5 Fluorescent High-Bay Fixtures $0.0315
T5 Troffer/Wrap $0.0570
T5 Industrial Strip $0.06826
T5 Indirect $0.0570
CFL Fixture $0.0234
Exterior HID $0.0718
LED Exit Sign $0.0461
Lighting Controls $0.0308
| ED Traffic / Pedestrian Signals $0.0644
Electronic HID Fixture Upgrade $0.0341
Halogen Infra-Red Bulb $0.0996
Integrated Ballast MH 25W $0.0643
Induction Fluorescent 23W $0.0257
CFL Screw-in $0.0023
Metal Halide Track $0.0548
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Levelized cost
per kWh
Measure saved

Lighting Controls
Bi-Level Switching $0.0783
Occupancy Sensors $0.0296
Daylight Dimming $0.0834
Daylight Dimming - New Construction $0.1169
5% More Efficient Design $0.0522
10% More Efficient Design $0.0522
15% More Efficient Design - New Construction $0.0174
30% More Efficient Design - New Construction $0.0174
Refrigeration End Use
Vending Miser for Soft Drink Vending Machines $0.0159
Refrigerated Case Covers $0.0098
Refrigeration Economizer 30.5605
Commercial Reach-In Refrigerators $0.0217
Commercial Reach-in Freezer . $0.0248
Commercial |ce-makers $0.0260
Evaporator Fan Motor Controls $0.0531
Permanent Split Capacitor Motor $0.0562
Zero-Energy Doors $0.1627
Door Heater Controls $0.0116
Discus and Scroll Compressors $0.0610
Floating Head Pressure Control $0.0597
Anti-sweat (humidistat) controls (refrigerator) $5.0209
Anti-sweat (humidistat) controls (freezer) $2.5439
High Efficiency Ice Maker $0.0179
Compressed Air End Use
Compressed Air — Non-Controls $0.0205
Compressed Air — Controls $0.0990
Monitor Power Management
EZ Save Monitor Power Management Software $0.5883
Water/Wastewater Treatment
Improved equipment and controls $0.0593
Transformer End Use
ENERGY STAR Transformers $0.0187

Table 1-2 presents a comparison of the commercial results of numerous energy
efficiency potential studies. As shown in this table, the achievable cost-effective
potential for electricity savings ranges from 6 percent by 2023 in the service area
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of Puget Sound Energy to 24 percent in Massachusetts by 2007. We estimate
the achievable cost-effective potential for North Carolina to be 12.1% which is an
average of all eight studies shown in the table below.

102



Case No. 2007-00477
Attach. STAFF-DR-006(b)(1)

Page 106 of 150

€0l

‘90 Se S10}0as [elSnpul PUE |BIDISWIWOD JO] S}NSal pauiquiod pajiodal UiISUOSSIA,

900z 1snbny "ou| ‘sajeloossy SO AQ 82IAaG oljgngd Jo Juswpeda Juoula ayj Joj paiedald ApmS [Bjusjod Aouaioiyg Abiau3 ou09|3 JUOWIBA €

/661 '3I3T0V Agq pasedald ‘eiuenjAsuusd pue ‘AsSIar maN HHOA MIN ul juswdopas o1wou0d3 pue Asusiyg ABisug ‘zy

€007 1SNBNY "09UEND/ADYINIX
-yINTM Aq ABiaug punog 18bnd 1o} paledatd "vz02-£002 B2y 80in1as ABlaug punog 18bngd ui |ejusjod uoeaIasuo) SeS) |eimeN pue Ayoujosla wia) BuoT Jo jJuswssassy 'L

'£00¢ Aenuer ‘ou| ‘anjsul snyd | '3330v “ouj "adojod3 Ag o)
'uoBaiQ j0 jsni) ABiouz sy} Joj pasedald 's10j0983 jeininouby pue ‘leuisnpu; {BIDIBWW0Y '[BlluUapISaY U] J04 JUSWSSOSSY 92IN0ssYy aINseayy uoealasuo) pue Asuspiyg Abisug ‘gL

‘€00z '1snbny “ou| 'ABisuz jeuundQ Ag
paiedaid Jioday jeui4 - BIBIS HIOA MBN Ui leuslod Juawdoeaa aoinossy ABisug sjgemausy pue Asusmoiyg ABiaug, ‘Auoyiny juswdojana pue yoseasay ABiaug 91818 YIOA MBN “6

600z 'S Aepy ‘Buninsuon 40y Aq paredasd ,poday jeuly - eiBioan ui [eljus)o4 Aoualoyg ABliaul jo uswssassy, ‘Ajloyiny safioe4 |ejuswuoiaug eibioss g

'G00Z "AON 'S8IRI00SSY SO Ag (D3x8) aneredood

ouoelg siany Big Joj paiedaid "uoneiodion ouj0a|3 s1aary Big ay) jo Aiojuia | 901A18g ay) Ul Aousoiyg AB1aug ouj93|g o) BIIUSI0Y SAOSYS-1S0D 9|qEASIYDY WNWIXBN dy] *,

Z00z 1aquanop joaloid
Kousiowg ABisu3 1semyinog Aq paledasd 'sauag ABisug uoliepuno lisimap 110y paledald 1S8mUyIN0g ayj ul 8sn ANouios|3 Jusioiyg 810} 10) [BJUSI0 BY] 18P0 JOYJON M3AN 8y 9

L0022 aunp -Buynsuos Juswabeuely UBWP|SS [8US pue duj ‘SonAjeuy AATY
£q seoinosey AB1aug Jo UOISINIG SHBSNYoESSE)y PUB SiojeNsiUIpY Wweibold 1o} patedald ‘Loday jeuld 'spasnyoessepy ul saiunpoddo Aouaoyyg AB1sug oujoag Buluiewsy syl g

‘ouy 'ABisul jewdO Ag 901A18S D1jgNd J0 Juswpeda(g JUOWIBA 8L
10} patedald ‘o0z '6Z ABIN 10 JBIQ MBIASY DllqNd Alewwng SISAJBUY PUB SINSay — 2102-£00Z 'SBuineS Aousioyjg apimale]s S|geAsIiydy WNLWIXeR JO sjoedwj JIWOU0DT PUE JUI3|] b

-1ojeBsanu) (edidulld ‘eiulogieD ‘0osipuel4 ues Auedwo) oups|3 g
seq) ook Jabeuepy 1Pslold ‘uuewpal§ [9BjeY 10} pasedaid 'z 4O | swnjoA Hodey jeutd '£90MS# I Apnig "Apnis jenuslod Aousioy3 ABisug J0j09g [BIUBPISaY BpIMBIBIS BILIOJED ‘¢

'Z00Z '€z "1des
‘aUf ADHINTX AQ pasedasd ‘uolepunoy §eiman sy pue uoiiepunod ABieug ay) loj paiedaid "Loday jeuld — Aousoyg ABisug Jo4 jenusiod 8yt :snjding ABiaug 181088 s, eiuiope) 2

002

aung saje100ssy SAO Ag paiedaly g xipuaddy ‘uoiBay JNoIdBUL0Y JSSMUINOS SY} PUB INDIIDBULOYD 104 [BIUBI0d Aouaidyg ABisug pue UoHBAISSUOD 40 JUBWISSSSSY uspuadapyy "}

%60°CL %ELC %8'Y %9 %01 %01 %LC %04 %¥l
902 *G10¢ ek b02 | (€202 | (,Eb02 | 52i0C 11174 1214 190202 epd002 | gpbb02 | ,2L0C
S3IpN}S | JUOULIBA | UISUOISIM vd (vm) uobalp HIOA e1b10ag (1) | 1samyjnos | “SSeiy | eiuaoyijed | "uuod
v jo /HN/FN | punog MmaN SI8AIY
aBeiany jabng Big

sojes (UMD) A101199]T 210 JO JUaIad

10}08S

[e1213WW0N 8y} 10} SIPNIS U923y Wouy sBuiaes A11011109]T |BIU]Od 9AI}IBYS-1S0) 8|qeAdIYIY Jo uosuedwo) :Z-| 8jqel

BUI[0JBD UHON J0) Saunses| Aouaioiyg ABiaug 10j08S [elosawiuo) jo suonduoseq g xipuaddy




Case No. 2007-00477
Attach. STAFF-DR-006(b)(1)
Page 107 of 150

Appendix B: Descriptions of Commercial Sector Energy Efficiency Measures for
North Carolina

1.1 Space Heating
Two commercial space heating energy efficiency measures are covered in this
section: high efficiency heat pumps and ground source heat pumps. Listed below
are the basic assumptions used in this study for these technologies (annual kWh
savings, demand savings, useful life, and incremental cost). Sources for this
data can be found in Appendix B1: Commercial Measure Assumptions.

Annual Kw Measure
kWh Demand Useful Incremental
Measure Name Savings Savings Life Cost
High Efficiency Heat Pump 1,254 0.1 15 $48
Ground Source Heat Pump - Heating 12,685 1.7 15 $33,000
1.1.1 High Efficiency Heat Pump'®’

Electric air-source heat pumps, often used in moderate climates, use the
difference between outdoor air temperatures and indoor air temperatures to cool
and heat buildings. ENERGY STAR qualified heat pumps have a higher
seasonal efficiency rating (SEER) and heating seasonal performance factor
(HSPF) than standard models, which makes them about 20% percent more
efficient than standard new models and 20-50% more efficient then existing
equipment in buildings.

1.1.2 Ground Source Heat Pump'®®

Unitary ground-source heat pump systems for commercial buildings can be
instalied in a variety of configurations. The oldest and, until recently, most widely
used approach was the groundwater system. In this design, groundwater from a
well or wells is delivered to a heat exchanger installed in the heat pump loop.
After passing through the heat exchanger (where it absorbs heat from or delivers
heat to the loop), the groundwater is disposed of on the surface or in an injection
well. The use of an injection well is desirable in order to conserve the
groundwater resource.

A second and increasingly popular design is the ground-coupled heat pump
system. In this approach a closed loop of buried piping is connected to the
building loop. For larger commercial applications, the buried piping is installed in
a grid of vertical boreholes 100 to 300 ft deep. Heat pump loop water is circulated
through the buried piping network absorbing heat from or delivering heat to the
soil. The quantity of buried piping varies with climate, soil properties and building
characteristics, but is generally in the range of 150 to 250 ft (of borehole) per ton
of system capacity. Borehole length requirements are almost always dictated by
heat rejection (cooling mode) duty for commercial buildings.

187

ENERGY STAR website, www energystart. gov
88 A CAPITAL COST COMPARISON OF COMMERCIAL GROUND-SOURCE HEAT
PUMP SYSTEMS. Geo-Heat Center, Oregon Institute of Technology
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A third design for ground-source systems in commercial buildings is the “hybrid”
system. This approach may also be considered a variation of the ground-coupled
design. Due to the high cost associated with installing a ground loop to meet the
peak cooling load, the hybrid system includes a cooling tower. The use of the
tower allows the designer to size the ground loop for the heating load and use it
in combination with the tower to meet the peak cooling load. The tower preserves
some of the energy efficiency of the system, but reduces the capital cost
associated with the ground loop installation.

In addition to the three designs discussed above, ground source systems can
also be installed using lake water, standing column wells and horizontal ground
coupled approaches.

1.2  Water Heating
Water heating energy efficiency measures are covered in this section. Listed
below are the basic assumptions used in this study for annual kWh savings,
demand savings, useful life, and incremental cost. Sources for this data can be
found in Appendix B1: Commercial Measure Assumptions.

Annual KwW Measure
kWh Demand Useful Incremental
Measure Name Savings Savings Life Cost
Heat Pump Water Heater 14,155 6.1 14 $4,067.01
Booster Water Heater 625 0.3 10 $951.37
Point of Use Water Heater 345 0.1 10 $106.88
Solar Water Heating System 62,500 26.9 15 $11,500.00
Solar Pool Heating 68,445 29.5 10 $33,750.00
1.2.1 Heat Pump Water Heater'*’

Heat pump water heaters are more efficient than electric resistance models
because the electricity is used for moving heat from one place to another rather
than for generating the heat directly. The heat source is the outside air or air in
the basement where the unit is located. Refrigerant fluid and compressors are
used to transfer heat into an insulated storage tank. Heat pump water heaters
are available with built-in water tanks called integral units, or as add-ons to
existing hot water tanks. A heat pump water heater uses one-third to one-half as
much electricity as a conventional electric resistance water heater. In warm
climates they may do even better, but there are few sources for these products.

189 Consumer Guide to Home Energy Savings: Condensed Online Version,

ACEEE, September 2006
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1.2.2 Booster Water Heater'”
A booster water heater is an instantaneous water heater designed and intended
to raise the temperature of hot water to a higher temperature for a specific

purpose, such as for the sanitizing rinse on a high temperature automatic
dishwasher.

1.2.3 Point of Use Water Heater''

A tankless water heater, also known as point of use water heater or on demand
units, turns on when you open a hot water faucet and turns off when you close
the faucet, so the energy that is consumed is only for the hot water that is being
used at that instant in time. Since there is no storage of hot water and thus no
constant heating and re-heating of stored hot water, there is no energy being
wasted to unnecessarily heat water. This energy savings translates to dollar
savings and reduced impact on our environment. Furthermore, since a tankless
water heater heats the water when in use, an endless supply of hot water is
available, provided the unit is sized appropriately. Tankless water heaters are
also designed to last for 20 years and are smaller than tank units.

124 Solar Water Heater

Solar water heaters use energy from the sun to heat water. Solar water heaters
are designed to serve as pre-heaters for conventional storage or demand water
heaters. While the initial cost of a solar water heater is high, it can save a lot of
money over the long term. Solar water heaters are much less common than they
were during the 1970s and early 1980s when they were supporied by tax credits,
but the units available today tend to be considerably less expensive and more
reliable. At today’s prices, solar water heaters compete very well with electric and
propane water heaters on a life-cycle cost basis, though they are still usually
more expensive than natural gas. '**> Tax credits are available for qualified solar
water heating and photovoltaic systems. The credits are available for systems
“placed in service” in 2006 and 2007. The tax credit is for 30 percent of the cost
of the system, up to $2,000.

1.2.5 Solar Pool Heating'”

Solar heating systems are designed to heat swimming pools using free heat from
the sun. Solar collectors can be mounted on roofs or any area near the pool that
provides the proper exposure, orientation and tilt toward the sun. The system
should be in operation during the daytime when solar radiation can be absorbed.
A system equipped with an automatic controller turns on and off effortlessly

190

GUIDELINES FOR SIZING WATER HEATERS, California Conference of Directors of
Environmental Health, September, 1995

1 Tankless Water Heaters: On Demand Qil, Electric, Propane or Gas Hot Water Heaters,
hitp://www.tanklesswaterheatersdirect.com/

1 Consumer Guide to Home Energy Savings: Condensed Online Version, ACEEE,
September 2006

193 Solar Pool Heating, Engineered for Life, Heliocol FAQ Section, http://www.heliocol.com/
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whenever there is sufficient solar energy. Solar pool heating is the most

economical way to heat your pool. There are zero operating costs and virtually
no maintenance.

1.3 Envelope
High efficiency windows are covered in this section. Listed below are the basic
assumptions used in this study for this measure. These assumptions include
annual kWh savings, demand savings, useful life, and incremental cost. Sources
for this data can be found in Appendix B1: Commercial Measure Assumptions.

Annual Kw Measure
kWh Demand Useful Incremental
Measure Name Savings Savings Life Cost
Double Pane Low Emissivity Windows 7 0.0 30 $0.51
1.3.1 Double Pane Low Emissivity Windows'*

Double- or triple-pane windows have insulating air- or gas-filled spaces between
each pane. Each layer of glass and the air spaces resist heat flow. The width of
the air spaces between the panes is important, because air spaces that are too
wide (more than 5/8 inch or 1.6 centimeters) or too narrow (less than 1/2 inch or
1.3 centimeters) have lower R-values (i.e., they allow too much heat transfer).
Advanced, multi-pane windows are now manufactured with inert gases (argon or
krypton) in the spaces between the panes because these gases transfer less
heat than does air. Low-emissivity (low-e) glass has a special surface coating to
reduce heat transfer back through the window. These coatings reflect from 40%
to 70% of the heat that is normally transmitted through clear glass, while allowing
the full amount of light to pass through.

1.4 Space Cooling
Space cooling energy efficiency measures are covered in this section. Listed
below are the basic assumptions used in this study for measure annual kWh
savings, demand savings, useful life, and incremental cost. Sources for this data
can be found in Appendix B1: Commercial Measure Assumptions.

Annual KW Measure
kWh Demand Useful Incremental
Measure Name Savings Savings Life Cost

Centrifugal Chiller, 0.51 kW/ton, 300

tons 34,803 23.5 25 $16,200
Centrifugal Chiller, 0.51 kW/ton, 500

tons 58,005 39.1 25 $27,000
Centrifugal Chiller, Optimal Design,

0.4 kWiton, 500 tons (may be new

construction only) 128,900 86.9 25 $60,000

14 Energy Guide Website. www energyguide.com
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1.4.1 Centrifugal Chillers'”

A centrifugal chiller utilizes the vapor compression cycle to chill water and reject
the heat collected from the chilled water plus the heat from the compressor to a
second water loop cooled by a cooling tower.

1.4.2 DX Packaged System'*

Unitary or “packaged” equipment (i.e., air- or water-cooled direct expansion [DX]
systems) are the most widely used air conditioning and heat pump equipment in
the United States. These systems are often roof-mounted. Packaged air
conditioners provide cooling by a means similar to that employed in the common
household refrigerator-the refrigerant vapor-compression cycle. The vapor-
compression cycle converts a liquid refrigerant to a gas, and back again, and in
the process provides cooling and produces waste heat. (Packaged heat pump
units reverse the process in the heating mode to provide space heating).

This equipment includes all the components required to deliver heating and/or
cooling to a space or building in a single package. It includes a fan for moving air,
an indoor cooling coil (the evaporator), a heating coil or furnace, air filters,
dampers for regulating air flow, refrigeration compressor(s), an outdoor or
condensing coil for rejecting heat, and controls for automatically regulating space
temperature. Smaller packaged units closely resemble residential air conditioners
in using a single, fixed-output compressor. Multiple compressors become
common in sizes of about 10 tons of cooling capacity (120,000 Btuh) and above.
Multiple compressors give stepped output, particularly when the compressors are
of different capacities. As a hypothetical example, a unit with both a 4-ton and 6-
ton compressor would have output capacities of 4, 6, or 10 tons, which is very
valuable under part-load conditions. At part loads, these units will be very
efficient, since the heat exchangers are effectively oversized, but humidity control
may suffer with some designs. Roof-top units may include a non-condensing
(lower efficiency) gas furnace section. The combinations are called “year-round”
units. Larger roof-top units may have very sophisticated controls, and some are
designed for multi-zone variable air volume applications much like those typical
of chiller-based systems.

195 Centrifugal Chiller Fundamentals. Application Guide.

http://iwww.mcquay.com/mcquaybiz/literature/lit_corporate/AppGuide/AG_31_002.pdf
196 Online Guide to Commercial Energy Efficiency Equipment.
www.aceee.org/ogeece/ch1_index.htm
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1.5 Space Cooling — Packaged AC
Packaged air conditioning systems are covered in this section. Listed below are
the basic assumptions used in this study for annual kWh savings, demand
savings, useful life, and incremental cost. Sources for this data can be found in
Appendix B1: Commercial Measure Assumptions.

Annual KW Measure
kWh Demand Useful Incremental
Measure Name Savings Savings Life Cost

DX Packaged system EER = 10.9, 10

tons 2,996 1.9 15 $607
DX Packaged System, CEE Tier 2,

<20 Tons 4,494 3.0 15 $612
DX Packaged System, CEE Tier 2,

>20 Tons 8,988 6.1 15 $1,813
Packaged AC - 3 tons, Tier 2 929 0.6 15 $345
Packaged AC - 7.5tons, Tier 2 2,110 1.3 15 $683
Packaged AC - 15 tons, Tier 2 4,824 2.9 15 $1,485
Ground Source Heat Pump - Cooling 16,755 4.1 15 $33,000
1.51 Packaged Air Conditioners

Commercial unitary air conditioners and heat pumps refer to package air-cooled
air conditioning and air-source heat pump units with rated cooling capacities of
<65,000 Btu/h up to 240,000 Btu/h. This category does not include water-cooled
equipment, evaporative coolers, or water-source heat pumps. Unitary package
air conditioning units represent the heating, ventilating, and air conditioning
(HVAC) equipment class with the greatest energy use in the commercial building
sector in the United States. Equipment covered under the current rulemaking
accounts for the majority of the total shipped tonnage of unitary HVAC equipment
for commercial building applications. Commercial unitary air conditioners and
heat pumps are used in 17.2 billion square feet of U.S. commercial floor space,
which is close to half of the cooled floor space in that sector. This equipment
uses more energy than any other class of commercial space-conditioning
equipment in the United States.'”’

North Carolina uses a state-developed code based on the 2003 IECC and
references the ASHRAE 90.1-2004. Standard 90.1-2004 lists minimum
efficiencies for air conditioners as shown in the following table.

o7 Energy Efficiency Standards. Commercial A/C & Heat Pumps, Lawrence Berkley L.abs.
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Standard ASHRAE 90.1-2004

Minimum
Equipment Type Size Category Efficiency
<65,000 Btu/h 12.1 EER

Air Conditioners, Water and >=65,000 Btu/h and 115 EER
Evaporatively Cooled <135,000 Btu/h :

>=135,000 Btu/h
and <240,000 Btu/h

11.3 EER

1.6  Space Cooling — Maintenance
The following measures are covered in this section, below are the basic
assumptions used in this study which include annual kWh savings, demand
savings, useful life, and incremental cost. Sources for this data can be found in
Appendix B1: Commercial Measure Assumptions.

Annual KW Measure
kWh Demand Useful Incremental
Measure Name Savings Savings L ife Cost
Chiller Tune Up/Diagnostics - 300 fon 24 491 16.5 10 $5,100
Chiller Tune Up/Diagnostics - 500 ton 41,248 27.8 10 $8,500
DX Tune Up/ Advanced Diagnostics 1,934 1.3 2 $340
1.6.1 Chiller Tune-Up/Diagnostics'*®

Chilled Water And Condenser Water Temperature Reset - A chiller's operating
efficiency can be increased by raising the chilled water temperature and/or by
decreasing the temperature of the condenser water. Chilled water reset is the
practice of modifying the chilled water temperature and/or condenser water
temperature in order to reduce chiller energy consumption. If one decides to
undertake chilled water reset, one must be careful that all of the considerations
are taken into account. Although raising the chilled water will reduce chiller
energy consumption, it may increase supply fan energy consumption. Reducing
the condenser water temperature may increase the cooling tower fan energy
consumption as well.

Chiller Tube Cleaning And Water Treatment - Optimum heat transfer relies on
clean surfaces on both the refrigerant and water side of the chiller tubes.
Typically, the water side of the condenser needs the most attention because
evaporative cooling towers have an open loop and new water is introduced
continuously. Thus, water treatment is needed to keep surfaces clean and
reduce biological films and mineral scale. Similar treatments may be needed for
the chilled water loop. As part of the tune-up, clean the condenser and
evaporator tubes to remove any scale or buildup of biological film. To do this, the

198

ENERGY STAR Buildings Manual — Aspen Systems Document EPA-430--B-98-004B.
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surfaces usually have to be physically scrubbed and sometimes treated with
chemicals.

Reciprocating Compressor Unloading - Reciprocating compressors are typically
used for smaller chillers. Many of these compressors utilize multiple stages (that
is, more than one piston for the compressor) of cooling to allow for more efficient
part-load performance and reduced cycling of the compressor motor. At part-
load performance, one or more of the stages are unloaded. If the controls of the
system fail to unload the cooling stage, then the system may cycle unnecessarily
during low cooling loads. Because starting and stopping is inherently inefficient,
cycling decreases the efficiency of the cooling system. Additionally, increased
cycling can lead to compressor and/or electrical failures (E SOURCE, Space
Cooling Atlas, p. 9.11.4). Consult manufacturer's maintenance information to
check for proper cooling stage unloading. Unloading may be controlled by a
pressure sensor that is set for a specific evaporator pressure. This sensor, and
the controls dependent upon it, can fall out of calibration or fail.

1.7 HVAC Controls
HVAC controls are covered in this section. Listed below are the basic
assumptions used in this study for annual kWh savings, demand savings, useful
life, and incremental cost. Sources for this data can be found in Appendix B1:
Commercial Measure Assumptions.

Annual KW Measure
kWh Demand Useful Incremental

Measure Name Savings Savings Life Cost
Retrocommissioning 1.2 0.0 7 $0.09
Programmable Thermostats 1,934 1.3 5 $28
EMS install 0.50 0.0 10 0.29
EMS Optimization 0.05 0.0 5 0.06

1.7.1 Retrocommissioning'”’

On start-up, many new commercial buildings do not perform as designed.
Additionally, commercial building performance tends to degrade over time,
unless there are active programs and knowledgeable personnel to operate and
maintain equipment and controls. When buildings operate poorly, operators face
rising equipment repair costs, rising utility bills, deteriorating indoor air quality,
and tenant dissatisfaction. Retrocommissioning (RCx) involves a systematic
step-by-step process of identifying and correcting problems and ensuring system
functionality (Haasl and Sharp 1999). RCx focuses on steps for optimizing the
building through O&M tune-up activities and diagnostic testing, though capital
improvements may also be recommended. The best candidates for
retrocommissioning are those buildings over 100,000 ftz, with newer HVAC
systems, and a functioning building control system. By conducting RCx, building

199

ACEEE Report. Emerging Energy-Saving Technologies and Practices for the Buildings
Sector as of 2004. October 2004, Report Number A042.
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managers can diagnose problems in mechanical systems, controls, and lighting,
and improve the overall performance of the building. Improving the functionality
of individual mechanical and electrical components, as well as their combined

performance as a system, reduces energy consumption, operating costs, and
occupant discomfort.

1.7.2 Programmable Thermostats®”

Savings can be gained from programmable thermostats in two ways. The most
common savings is associated with setting back the temperature at night or when
leaving for extended periods of time through a programming feature. The other
savings comes from newer, digital thermostats having a tighter band on the set
point temperature so there is less cycling of the heating unit.

1.7.3 Energy Management Systems - Install/Optimization*"!

An Energy Management System (EMS) is a combination of software, data
acquisition hardware, and communication systems to collect, analyze and display
building information to aid commercial building energy managers, facility
managers, financial managers and electric utilities in reducing energy use and
costs in buildings. This technology helps perform key energy management
functions such as organizing energy use data, identifying energy consumption
anomalies, managing energy costs, and automating demand response
strategies. Compared to other data archive and visualization systems, EMS is
more tied-in to business enterprise information such as; facilitating energy

benchmarking, optimizing utility procurement, and managing overall energy
costs.

The main intent of the EMS installation is to identify opportunities for increasing
the effectiveness and energy efficiency, while reducing the operating costs of the
monitored systems. Once the energy saving and/or cost saving potential in the
operation of a system is identified and quantified, plant personnel can take
specific actions with confidence in the outcome. The ability to visually represent
both the impact of current practice and the potential for improvement is a major
asset in obtaining management approval for system improvements. The EMS
can be built out incrementally over time to include measurement and analysis of
other systems within the plant. Multiple facilities can also be connected into a
corporate network via multi-site EMS installations.

200

PHA Measure Descriptions, GDS Associates, September 2006
Enterprise Energy Management System Installation Case Study at a Food Processing
Plant, Lawrence Berkeley National Laboratory, 2006, http://industrial-energy.lbl.gov/node/362
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1.8  Ventilation
Ventilation measures are covered in this section. Listed below are the basic
assumptions used in this study for annual kWh savings, demand savings, useful
life, and incremental cost. Sources for this data can be found in Appendix B1:
Commercial Measure Assumptions.

Annual KW Measure
kWh Demand Useful Incremental
Measure Name Savings Savings Life Cost

Dual Enthalpy Economizer - from

Fixed Damper 3,400 0.8 10 $800
gtjlabl Enthalpy Economizer - from Dry 2500 06 10 $400
Heat Recovery 7 0.0 23 $14
Fan Motor, 40hp, 1800rpm, 94.1% 2,354 0.4 12 $286
Fan Motor, 15hp, 1800rpm, 92.4% 1,053 0.2 12 $46
Fan Motor, 5hp, 1800rpm, 89.5% 393 0.1 12 $34
Variable Speed Drive Control, 15 HP 12,000 1.9 20 $3,465
Variable Speed Drive Control, 5 HP 4,000 0.6 20 $1,925
Variable Speed Drive Control, 40 HP 32,000 5.0 20 $6,280
1.8.1 Dual Enthalpy Economizer™

Dual enthalpy economizers regulate the amount of outside air introduced into the
ventilation system based on the relative temperature and humidity of the outside
and return air. If the enthalpy (latent and sensible heat) of the outside air is less
than that of the return air when space cooling is required, then outside air is
allowed in to reduce or eliminate the cooling requirement of the air conditioning
equipment.

This is a prescriptive measure included on the regional Cool Choice application
form. Customers are eligible for a Cool Choice incentive only with the purchase
of an efficient HVAC unit that also qualifies for an incentive. Custom incentives
are available for other cost-effective dual enthalpy economizers for both retrofit
and replacement/new construction units.

1.8.2 Heat Recovery™”

There are many areas in such buildings as hospitals, manufacturing facilities
requiring clean rooms, and laboratories that must be zoned as “once-through”
systems in which the air that heats, cools, and ventilates is used only once.
However, much of this HVAC energy can be recovered before it exits the building
by installing heat-recovery coils in the exhaust air handlers. This heat can then
be used to precondition the outside air coming into the building. Energy can be
recovered without risk of contamination.

202

Technical Reference User Manual (TRM) No. 2006-41. Efficiency Vermont, June 2008.
Energy Efficiency Guide for Utah Businesses. Energy Efficient Measures — Heat
Recovery. http:/iwww_utahefficiencyguide.com/measures/commercial/heat_recovery. htm
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Waste heat recovery on boiler stacks can be used to preheat boiler makeup
water, thereby improving overall energy efficiency quite substantially. Heat
recovery from stacks in heat treating furnaces is frequently used to preheat
combustion air, thereby achieving savings of well over 50%.

Water-to-water heat exchangers are quite useful in a range of applications, from
dyeing operations (where energy from a depleted batch of hot dye water is used
to pre-heat the next batch) to various operations in chemical plants.

Heat exchangers allow for the transfer of heat from one fluid to another (including
air) without the contents of one stream polluting those of the other. When the
requirement for ensuring that absolutely no transfer of contents is high (e.g.,
exhaust air from hospitals), double-wall heat exchangers are used.

Heat exchangers are frequently employed in industry to save energy and
enhance the performance of both batch and continuous processes. For example,
a plant that uses large quantities of steam to heat batches of dye can install a
heat exchanger to preheat the water for fresh batches of dye by using the waste
water from an old batch. This both increases the speed of heating the new water
and lowers energy requirements precipitously, while retaining good quality
control over colors. When water or steam is involved in such heat transfer
functions, “counter flow” shell-and-tube or plate-type heat exchangers are

routinely employed. These result in good heat transfer coefficients at minimal risk
of cross contamination.

Air-to-air heat exchangers are widely employed in processes which require
heating materials to high temperatures over long periods of time, such as in
ceramics or heat treating applications. Instead of allowing the hot combustion air
to be vented directly to exhaust stacks, heat exchangers recover as much as
80% or more of the heat from the exhaust stream and use it to pre-heat

combustion air. This can save well over half of the primary energy used in such
facilities.

Other examples of the use of heat exchangers include:

. Condensing steam from a boiler to produce hot water for service hot water
or other processes;

» Isolating two systems which operate at different pressures while extracting
heat from the higher temperature system;

« Moving heat or cool in various refrigerator cycles that may include
changing of state from liquids to gases in the heat exchanger; and

« Moving heat into and out of thermal storage containers.

114



Case No. 2007-00477
Attach. STAFF-DR-006(b)(1)
Page 118 of 150

Appendix B: Descriptions of Commercial Sector Energy Efficiency Measures for
North Carolina

1.8.3 Fan Motors®"

Packaged refrigeration equipment is estimated to account for more than half of
the electricity used by refrigeration systems in the commercial sector. In the U.S.,
the ENERGY STAR-labeled commercial refrigerators and freezers are generally
at least 25% more efficient than some products in the market. However, the
existing stock of packaged refrigeration equipment is considered very inefficient
due to the focus by most purchasers on first cost and the lack of effort from

manufacturers to differentiate equipment on the basis of energy efficiency (Nadel
2002).

Fan and fan motors used in the condensers and evaporators account for 20% of
the annual energy use and operate at overall efficiencies as low as 7 to 15%.
These low efficiencies are due to both inefficient fans and low cost shaded pole
(SP) motors with low efficiencies (TIAX 2002).

New axial fan designs enable improved fan performance and advanced electric
motors such as brushless DC or electronically commutated motors (ECM) offer
motor performance solutions.

It appears that the majority of currently installed evaporator and condenser fan-
motor sets can be replaced with advanced units that can achieve energy savings
as high as 70% of the fan-motor energy. The input fan power of an evaporator
and condenser in a typical 48 ft> two-door reach-in commercial refrigerator can
be reduced from 70W (35W per component) to 20W (10W per component) with
use of the energy-efficient fans and motors (TIAX 2002). Incremental costs range
from a low of approximately $20 for a better fan with a brushless DC motor to
$50 for an ECM motor. The total incremental cost for a commercial fridge would
be in the range of $40 to $100 (Nadel 2002; TIAX 2002).

1.8.4 Variable Speed Drive Controls®®

These controls are electronic circuits that receive feedback information from the
driven motor and adjusts the output voltage or frequency to the selected values.
Usually the output voltage is regulated to produce a constant ratio of voltage to
frequency (V/Hz). Controllers may incorporate many complex control functions.

20 Efficient Fan Motor Options for Commercial Refrigeration, Emerging Technologies &

Practices, ACEEE, 2004

http:.//mww.aceee.org/pubs/a042 r3.pdfftsearch=%22fan%20motors%20measure%20description
%22
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Natural Resources Canada — Energy Efficiency Office.
http://oee.nrcan.gc calindustrial/equipment/vfd/ivid.cfm?attr=24
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1.9 Motors
High efficiency motors are covered in this section. Listed below are the basic
assumptions used in this study for annual kWh savings, demand savings, useful
life, and incremental cost. Sources for this data can be found in Appendix B1:
Commercial Measure Assumptions.

Annual KW Measure
kWh Demand Useful Incremental
Measure Name Savings Savings Life Cost
Efficient Motors 1,540 0.3 20 $201
Variable Frequency Drives (VFD) 4,833 46 15 $3,600

1.9.1 Efficient Motors

Electric motors consume more than half of the electricity in the U.S. and almost
70 percent of manufacturing sector electricity. For most motor types, a range of
efficiencies is available and even small efficiency improvements can make
economic sense for equipment that is operated for thousands of hours per year.

Therefore, the overall opportunity for energy savings from more efficient motors
remains large.

Typically, the annual operating cost of a motor far outstrips the initial purchase
price. For example, a typical 75 horsepower motor running at full load for 8,000

hours per year would consume about $24,000 worth of electricity at $0.05 per
kWh.

In August of 2001, the National Electrical Manufacturers Association (NEMA)
implemented a new NEMA Premium Energy Efficiency Motor Standard. Under
this voluntary program, a motor may be marketed as a NEMA Premium motor if it
meets or exceeds a set of NEMA minimum full-load efficiency levels. These
levels are higher than the minimum fuli-load efficiency standards for energy-
efficient motors under the Energy Policy Act of 1992 (EPAct).*

The following tables list the nominal energy efficiency levels that the products
must meet in order to be considered a NEMA Premium Motor.

206

Energy Tips: Motor Systems. September 2005. DOE — Energy Efficiency and
Renewable Energy
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Nominal Efficiencies For “NEMA Premium™?” Induction Motors
Rated 600 Volits Or Less (Random Wound)
HP Open Drip Proof Totally Enclosed Fan Cooled
6-pole 4-pole 2-pole | 6-pole | 4-pole 2-pole
1 82.5 855 77.0* 82.5 85.5 77
1.5 86.5 86.5 84 87.5 86.5 84
2 87.5 86.5 85.5 88.5 86.5 85.5
3 88.5 89.5 855 89.5 89.5 86.5
5 89.5 89.5 86.5 89.5 89.5 88.5
7.5 90.2 91 88.5 91 91.7 89.5
10 917 917 89.5 91 917 90.2
15 91.7 93 90.2 91.7 92.4 91
20 92.4 93 91 917 93 91
25 93 93.6 91.7 93 93.6 91.7
30 93.6 94 1 91.7 93 93.6 91.7
40 94.1 94.1 92.4 94.1 94.1 92.4
50 94 1 945 93 94 1 94.5 93
60 94.5 95 93.6 94.5 95 936
75 94.5 95 93.6 94.5 95.4 93.6
100 95 95.4 93.6 95 95.4 941
125 95 95.4 94.1 95 95.4 95
150 95.4 95.8 94.1 95.8 95.8 95
200 95.4 95.8 95 95.8 96.2 95.4
250 954 95.8 95 958 96.2 95.8
300 95.4 95.8 954 95.8 96.2 95.8
350 95.4 95.8 954 95.8 96.2 95.8
400 95.8 95.8 95.8 95.8 96.2 95.8
450 96.2 96.2 95.8 95.8 96.2 95.8
500 96.2 96.2 95.8 95.8 96.2 95.8
Nominal Efficiencies For “NEMA Premium™” Induction Motors
Rated Medium Volts 5kV or Less (Form Wound)
HP Open Drip Proof Totally Enclosed Fan Cooled
6Pole | 4Pole | 2Pole | BPole | 4Pole | 2Pole
250 95 95 94.5 95 95 95
300 95 95 94.5 95 95 95
350 95 95 94.5 95 95 95
400 95 95 94.5 95 95 95
450 95 95 94.5 95 95 95
500 95 95 94.5 95 95 95
1.9.2 Variable Frequency Drives (VFD)

Controlling motor speed to correspond to load requirements provides many
benefits, including increased energy efficiency and improved power factor.
Adding adjustable speed capability can significantly improve the productivity of
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many manufacturing processes by reducing scrap, enabling quality
manufacturing during transition times, and allowing more control over startup and
shutdown.

By controlling the speed of a motor, the output of the motor/load system can be
matched exactly to the requirements of the process. When this happens, the
control valves, dampers, or other throttling mechanisms can be removed, thereby
dramatically improving energy efficiency. With an adjustable speed drive (ASD)
driven induction motor, precise process controls possible throughout the speed
range. Most induction motor/ASD systems will provide nearly perfect phase
power factor, but with some added harmonics. Improved power factor can result
in energy savings in the cables and transformers supplying the motor. Other
benefits from installing ASDs include: improved tool life, increased production
and flexibility, faster response, extended operating range, etc.

1.10 Lighting
Lighting energy efficiency measures are covered in this section, Listed below are
the basic assumptions used in this study for annual kWh savings, demand
savings, useful life, and incremental cost. Sources for this data can be found in
Appendix B1: Commercial Measure Assumptions.

Annual KW Measure
kWh Demand Useful Incremental

Measure Name Savings Savings Life Cost
Super T8 Fixture - from 34W T12 173 0.0 15 $65
Super T8 Fixture - from standard T8 77 0.0 15 $25
T5 Fluorescent High-Bay Fixtures 418 0.1 15 $100
T5 Troffer/\Wrap 92 0.0 15 $40
T5 Industrial Strip 84 0.0 15 $40
T5 Indirect 92 0.0 15 $40
CFL Fixture 100,487 0.1 15 $35
Exterior HID 100,140 0.0 15 $30
LED Exit Sign 175,200 0.0 10 $25
Lighting Controls 151,140 0.1 10 $55
LED Traffic / Pedestrian Signals 674,520 0.1 10 $140
Electronic HID Fixture Upgrade 385 0.1 15 $100
Halogen Infra-Red Bulb 52 0.0 1.3 36
Integrated Ballast MH 25W 223 0.1 34 $40
Induction Fiuorescent 23W 230 0.1 4.9 $22
CFL Screw-in 2,800 0.1 3.4 $1
Metal Halide Track 360 0.1 15 $150
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1.10.1 Super T8 Fixture?”’

“High-Performance” or “Super” T8 lamp/ballast systems have higher lumens per
watt than standard T8 systems. This results in lamp/ballast systems that
produce equal or greater light than standard T8 systems, while using fewer watts.
When used in a high-bay application, high-performance T8 fixtures can provide
equal light to HID High-Bay fixtures, while using fewer watts. Eligible fixtures
include new, replacement, or retrofit.

1.10.2 T5 Fluorescent High-Bay Fixtures®®

A T5 high-bay fixture has a fixture efficiency of over 91%, while a metal-halide
fixture has a fixture efficiency of ~70%. By using a more efficient fixture, a space
can be lit with fewer watts or fixtures. Typically, a 4-lamp F54T5HO system
using 240 watts will provide as much light on a target surface as a standard 400
watt metal-halide fixture using 455 watts.

1.10.3 T5 Fixtures and Lamp/Ballast Systems®"”

T5 lamp/ballast systems have higher lumens per watt than a typical T8 system.
In addition, the smaller lamp diameter allows for better optical systems, and more
precise control of light. The combination of these characteristics results in light
fixtures that produce equal or greater light than T8 fixtures, while using fewer
watts. When used in a high-bay application, T5 fixtures can provide equal light to
HID High-Bay fixtures, while using fewer watts. Eligible fixtures include new and
replacement.

1.104 CFL Fixture

On a per lamp basis, compact fluorescent lamps are generally 70 percent more
efficient than incandescent lamps and last up to ten times longer. Poor quality,
selection, appearance and reliability of commercial fluorescent fixtures have in
the past contributed to consumer aversion to fluorescent lighting. Additionally, the
lack of brand loyalty among consumers coupled with the large number of
manufacturers (500 including foreign companies) led to a proliferation of inferior
fluorescent fixtures in the 1990’s. According to Calwell et al. (1996), 23 percent of
new fixture sales are fluorescent while 76 percent are incandescent. The existing
stock of residential fixtures is approximately 15 percent fluorescent and 85
incandescent, suggesting that fluorescent share is increasing, but considerable
technical potential for energy savings remain.

Installing hard-wired fluorescent fixtures reduces the likelihood of reversion to
incandescent lamps. Consequently, hard-wired fixtures (indoor and outdoor) that
are characterized by energy efficiency, quality and safety present a significant
opportunity to reduce energy consumption. Since the point-of-sale for hard-wired
fixtures is relatively concentrated (and generally limited to showrooms,
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Technical Reference User Manual (TRM) No. 2006-41. Efficiency Vermont, June 2006.
Technical Reference User Manual (TRM) No. 2006-41. Efficiency Vermont, June 2006
209 ibid
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contractors and distributors), a fixture initiative can target these markets more
effectively than lamp suppliers for which sales locations are more diffuse.

1.10.5 LED Exit Sign

Several exit sign technologies exist that can significantly improve energy
efficiency, including light-emitting diodes (LEDs), reduced wattage incandescent
lamps, compact fluorescent lamps (CFLs), electroluminescent assemblies, and
tritium assemblies. LEDs and CFLs are the two most prevalent and cost-effective
means of upgrading exit signs. LEDs are the most promising of all technologies
because of their low power consumption, long life, numerous designs, and
excellent luminescence. E Source (1994) indicates that approximately 45 percent
of exit signs are incandescent, followed by 40 percent CFLs, and 15 percent LED
and electroluminescent. However, LEDs are estimated to comprise 50 percent of
new sales (Conway 1998).

1.10.6 LED Traffic / Pedestrian Signals

Instead of a single incandescent light bulb, the LED lights feature a number of
smaller lights assembled in one unit. Together, the numerous pinpoints of light
from an LED lamp are brighter than a comparable incandescent lamp, and as
much as 80 percent more energy efficient. While traditional incandescent traffic
lamps use between 69 and 150 watts each, LED lights use between 10 and 25
watts, depending on size, color and type.

LEDs provide other cost benefits as well. When an incandescent traffic signal
lamp fails, it burns out all at once, and incandescents typically need to be
replaced every two years. The numerous pinpoints of light in an LED lamp, on
the other hand, don't all burn out at the same time, and LED lamps can have a
lifespan of up to ten years. Fewer burned out traffic signals means safer
intersections, an important improvement in public safety. Agencies that have
installed LEDs have discovered additional savings in traffic signal maintenance
and lamp replacement costs because highway crews need to replace burned-out
traffic signals less frequently. As an additional safety feature, brighter LED lights
are more visible in foggy conditions.

The California Energy Commission reports that, through its program offering
loans and grants to local agencies, over 236,780 old incandescent red, green
and amber traffic signals, along with pedestrian walk and don't-walk signals, have
been replaced with new lamps that use light emitting diodes (LEDs). The new
LED lights reduce the State's need for electricity by nearly 10 megawatts N
enough electricity to power nearly 10,000 typical California homes. That reduced
electricity demand should save the 80 public agencies participating in the Energy
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Commission's LED traffic signal replacement program an estimated $7.9 million
every year on their electricity costs.*'’

LED traffic signals are a good candidate for what could be a relatively easy
market transformation effort. And in fact, a transformation to red signals appears
to be occurring in the absence of significant intervention. For red and green
signals to be more attractive to jurisdictions, the cost of green LEDs will have to
come down and/or the additional maintenance benefits from two-color change

outs h;ghlighted. Movement to three-color LED signals is proceeding more
slowly.?"

Key opportunities to accelerate the transformation for red, green, and yellow LED
traffic signals include: (1) developing and disseminating case studies, particularly
where maintenance savings can be documented; (2) supporting targeted
demonstrations to educate traffic engineers, where they are unaware, as well as
local officials about benefits; (3) improving access to and availability of financing,
(4) influencing and speeding the development of a national specification, by
working with ITE or supporting outside research to supplement that being
conducted currently by the NCHRP; and (5) supporting development and broader
demonstration of three-color LED traffic signals (Suozzo 1998).°"

1.10.7 Electronic HID Fixture Upgrade

High-intensity discharge (HID) lighting sources are the primary alternative to
high-wattage incandescent lamps in the commercial sector wherever an intense
point source of light is required. HID lamps can provide very high efficacy,
offering energy savings of 50-90 percent when replacing incandescent sources.
Efficiency upgrades within the HID family can provide smalier but significant
savings of about 10- 50 percent, i.e., replacements of mercury vapor lamps.

There are several possibilities for retrofitting existing inefficient lighting
technology to efficient HID sources. The key to HID retrofits is to carefully
consider the light distribution of the new fixtures, as the new lamps will usually
have much higher light output. New fixtures can be installed, complete with new
ballasts. Replacing the ballast provides more control over the wattage and light
output of the new source. Ballasts-and-lamp only retrofits are also possible, but
may invalidate the UL listing of the old fixture.

Metal halide lamps can be used in many situations. Columbia University replaced
wall sconces that contained 250W halogen lamps with 70W metal halide lamps
and fixtures in their cafeteria. The new lamps and fixtures provided more light,

210 California 'Green Lights' Energy Savings With New Traffic Signals. News Release,

California Energy Commission, March 2002.

= ACEEE Selecting Targets for Market Transformation Program: A National Analysis,
August 1998, Pg 171

e ACEEE Selecting Targets for Market Transformation Program: A National Analysis,
August 1998, Pg 172
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higher color rendition and less lumen depreciation, making it a far better choice
overall. The new lamps and ballasts have been operating since 1991.

1.10.8 Halogen Infra-Red Bulb*"

A new development in halogen technology is the advent of Infra-Red bulbs.
Available only in PAR30, PARS38, and MR16 type bulbs, it is used for spot-
lighting, often in museums, retail establishments, and restaurants. The
technology generally offers around 20% energy-savings, and longer lamp life.

1.10.9 Integrated Ballast MH 25W and Induction Filuorescent 23W
Integrated ballast 25W Par 38 metal halide lamps are three times more efficient
than the Par 38 halogen lamps that they replace. Light output is comparable and
the 10,500 hour life of the metal halide lamps is up to three times longer than
standard halogens. Very good color rendering of 87 and a crisp white light
(3000K) make this a good replacement lamp for general, ambient or accent
lighting. The integrated ballast allows for an easy upgrade from a halogen Par
38. Due to the high pressure and operating temperature of metal halide lamps,
there are some safety considerations concerning these efficient lamps.

Specialty Products refers to new, cutting-edge niche technologies that save
energy. They are often only available from a single manufacturer. The current

products listed include an Induction Fluorescent R30, and an Integrated-Ballast
PAR38.

Inductive fluorescent lamps are white light sources with very good color
rendering and color temperature properties. These lamps are energy efficient
and offer extremely long life (over 100,000 hours), good lumen maintenance
characteristics, and instant-on capability. The lamp enclosure is called a "vessel’
and (shapes vary) coated on the inside with phosphor. Dimming is aiready
available in Europe and will be available in the near future in the United States.
They are powered by a small generator (about the size of a fluorescent ballast)
attached to the lamp via a short fixed-length cable. The generator induces a
current in the lamp which causes it to glow—there are no electrodes to wear out.
The larger, diffuse nature of these sources makes them excellent for lighting
larger volumes and surfaces. They are often used in place of low- to medium-
wattage high intensity discharge sources because of the instant-on capability and
reduced maintenance associated with the longer lamp life. This lamp source has
promising application for indoor and outdoor lighting applications.*"?
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Technical Reference User Manual (TRM) No. 2006-41. Efficiency Vermont, June 2006.
Philips Lighting Company. Product literature on the Philips MasterColor Integrated 25W
PAR 38 Ceramic Metal Halide Lamp, Product # 14477-4. www.philips.com

215 WBDG: Energy Efficient Lighting, David Nelson, AIA, David Nelson & Associates,
February 2006, http://www.wbdg.org/design/efficientlighting. php
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1.10.10 CFL Screw-in

Compact fluorescent lamps (CFL) have become an icon of energy efficiency and
are commonly used as simple substitutes for incandescent lamps due to their
significantly longer life and better energy efficiency. CFLs use approximately V4
of the electricity as compared to a similar incandescent lamp and CFLs last
between 8 and 10 times longer than a typical incandescent lamp. Dimmable CFL
lamps are available. Much of the original concern over the performance of CFLs
has been addressed through instant-start lamps (no flicker) and the use of
electronic ballasts that function at much higher frequencies than their magnetic
counterparts (no noticeable strobe effect).

1.10.11 Metal Halide Track®'

A metal-halide track head produces equal or more light as compared to halogen
track head(s), while using fewer watts. Typically, a 39 watt PAR20 metal-halide
track head using 43 watts can be used in place of (3) 50 watt halogen PAR20
track heads.

1.11 Lighting Controls
Lighting control measures are covered in this section. Listed below are the basic
assumptions used in this study for annual kWh savings, demand savings, useful
life, and incremental cost. Sources for this data can be found in Appendix B1:
Commercial Measure Assumptions.

Annual KW Measure
kWh Demand Useful Incremental
Measure Name Savings Savings Life Cost
Bi-Level Switching 83 0.0 10 340
Occupancy Sensors 302 0.1 10 $55
Daylight Dimming 353 0.1 10 $181
Dayiight Dimming - New Construction 252 0.1 10 $181
5% More Efficient Design 9,000 2.1 20 34,000
10% More Efficient Design 18,000 4.1 20 $8,000
15% Morg Efficient Design - New 27 000
Construction ' 6.2 20 $4,000
30% More Efficient Design - New 54 000
Construction ' 12.3 20 $8,000
e Technical Reference User Manual (TRM) No. 2006-41. Efficiency Vermont, June 2006.
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1.11.1 Bi-Level Switching®'’

With bi-level switching, each office occupant is provided with two wall switches
near the doorway to control their lights. In a typical installation, one switch would
control 1/3 of the fluorescent lamps in the ceiling lighting system, while the other
switch would control the remaining 2/3 of the lamps. This allows four possible
light levels: OFF, 1/3, 2/3 and FULL lighting.

1.11.2 Occupancy Sensors

Occupancy sensors save energy by automatically turning off lights in spaces that
are unoccupied. Most occupancy sensors have adjustable settings for both
sensitivity and time delay. Occupancy sensors are available in both ceiling-
mounted and wall-mounted versions. Two motion-sensing technologies are
commonly used in occupancy sensors: passive infrared and ultrasonic. Passive
infrared are the most common and best suited for a 15-foot range, since there
are potential “dead spots” that increase with distance and since this technology
depends upon the heat intensity of the moving subject. Ultrasonic sensors are
able to cover larger areas, since they emit rather than receive a signal. However,
these sensors are more prone to false triggering. Some manufacturers combine
these two technologies into one product called a hybrid or a dual technology
sensor.

1.11.3 Daylight Dimming

Dimming controls reduce the output of light sources. Compared to on-off
controls, dimming saves energy, allows better alignment between lighting service
and human needs, and can also extend lamp life.*'®

For the most part, day lighting applications are best suited for new construction
projects where a systems approach is taken, although some retrofit applications
(generally large projects in suitable buildings) can be economic. The commercial
energy savings potential from day lighting is small relative to other lighting
measures, since applications are limited to areas that receive sunlight. Measures
such as T8 lamping, electronic ballast upgrades and on-off switching should be
implemented before daylight-dimming measures are pursued.?’’

Most lighting designers do not incorporate day lighting systems into new building
designs or extensive renovation or remodeling projects. Increased training and
education activities by professional organizations (e.g., IES), utilities, states and
others can help lower designer reluctance to incorporate day lighting systems
and teach them how to properly specify systems. Similarly, installer training may

207

The Usefulness of Bi-Level Switching.  August 1999. Building Technologies
Department, Lawrence Berkley Lab.

2 E-Source Technology Access Series 1998 CD, Lighting Atlas, Chapter 5 Daylighting -
Pages 256

2 ACEEE Selecting Targets for Market Transformation Program: A National Analysis,
August 1998, Pg 123
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be necessary to ensure that well-specified systems are installed properly.
Increased specification and installation of day lighting systems will also help to
drive down the cost of dimmable ballasts as well as the costs of installation (as
installers gain experience). Computer lighting software and other design tools
can also facilitate the use of day lighting systems.**

1.11.4 Efficient Lighting Design®”'

Energy-efficient lighting design focuses on methods and materials that improve
both quality and efficiency of lighting. Energy-efficient lighting design principles
include the following:

« Keep in mind that more light is not necessarily better. Human visual
performance

depends on light quality as well as quantity.
« Match the amount and quality of light to the performed function.
« Install task lights where needed and reduce ambient light elsewhere.
 Use energy-efficient lighting components, controls, and systems.
« Maximize the use of daylighting.

1.12 Refrigeration
Refrigeration energy efficiency measures are covered in this section. Listed
below are the basic assumptions used in this study for annual kWh savings,
demand savings, useful life, and incremental cost. Sources for this data can be
found in Appendix B1: Commercial Measure Assumptions.

220

ACEEE Selecting Targets for Market Transformation Program: A National Analysis,
gugust 1998, Pg 124
i

Efficient Lighting Strategies. Office of Building Technologies Program. Energy
Efficiency and Renewable Energy. US DOE.
http://www.toolbase. org/PDF/DesignGuides/doe_energyefficientlighting. pdf
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Annual KW Measure
kWh Demand Useful Incremental

Measure Name Savings Savings Life Cost
Vendi.ng Miser for Soft Drink Vending 1635
Machines T 0.2 15 $160
Refrigerated Case Covers 2,900 0.3 4 $90
Refrigeration Economizer 600 0.2 15 $2,558
Commercial Reach-In Refrigerators 800 0.1 9 $100
Commercial Reach-In Freezer 700 0.1 9 $100
Commercial lce-makers 300 0.1 9 $45
Evaporator Fan Motor Controls 2,600 0.3 15 $1,050
Permanent Split Capacitor Motor 550 0.1 15 $235
Zero-Energy Doors 800 0.1 10 $800
Door Heater Controls 3,500 0.7 10 $250
Discus and Scroll Compressors 1,500 0.3 13 $650
Floating Head Pressure Control 2,000 0.3 10 $734
Anti-.sweat (humidistat) controls 190
(refrigerator) 0.0 12 $6,500
Anti-sweat (humidistat) controls 375
(freezer) 0.1 12 $6,500

1.12.1 VendingMiser for Soft Drink Vending Machines””

The VendingMiser is an energy control device for refrigerated vending machines.
Using an occupancy sensor, during times of inactivity the VendingMiser turns off
the machine’s lights and duty cycles the compressor based on the ambient air
temperature. The VendingMiser is applicable for conditioned indoor installations.

1.12.2 Refrigerated Case Covers™”

By covering refrigerated cases the heat gain due to the spilling of refrigerated air
and convective mixing with room air is reduced at the case opening. Strip
curtains can be deployed continuously and allow the customer to reach through
the curtain to select the product. Continuous curtains can be pulled down
overnight while the store is closed. Strip curtains are not used for low
temperature, multi-deck applications. Glass door retrofits are a better choice for
these applications.

1.12.3 Refrigeration Economizer™*
Economizers save energy in walk-in coolers by bringing in outside air when it is
sufficiently cool, rather than operating the compressor.
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Technical Reference User Manual (TRM) No. 2006-41. Efficiency Vermont, June 2006,
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2 ibid
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1.12.4 Commercial Reach-In Refrigerators™”

The measure described here is a high-efficiency packaged commercial reach-in
refrigerator with solid doors, typically used by foodservice establishments. This
includes one, two and three solid door reach-in, roll-in/through and pass-through
commercial refrigerators. Beverage merchandisers — a special type of reach-in
refrigerator with glass doors — are not included in this characterization.

1.12.5 Commercial Reach-In Freezer’”
The measure described here is a high-efficiency packaged commercial reach-in
freezer with solid doors, typically used by foodservice establishments. This

includes one, two and three solid door reach-in, roll-in/through and pass-through
commercial freezers.

1.12.6 Commercial lce-makers®”’

A typical ice-maker consists of a case, insulation, refrigeration system, and a
water supply system. They are used in hospitals, hotels, food service, and food
preservation. Energy-savings for ice-makers can be obtained by using high-
efficiency compressors and fan motors, thicker insulation, and other measures.
CEE has developed 2 efficiency thresholds — Tiers 1 and 2. Tier 2 units are not
currently available, but more efficient models have been developed that are
expected to be on the market soon.

1.12.7 Evaporator Fan Motor Controls®*

Walk-in cooler evaporator fans typically run all the time; 24 hrs/day, 365 days/yr.
This is because they must run constantly to provide cooling when the
compressor is running, and to provide air circulation when the compressor is not
running. However, evaporator fans are a very inefficient method of providing air
circulation. Each of these fans uses more than 100 watts. Installing an
evaporator fan control system will turn off evaporator fans while the compressor
is not running, and instead turn on an energy-efficient 35 watt fan to provide air
circulation, resulting in significant energy savings.

1.12.8 Permanent Split Capacitor Motor*?

Cooler or freezer evaporator fan boxes typically contain two to six evaporator
fans that run nearly 24 hours each day, 365 days each year. Not only do these
fans use electricity, but the heat that each fan generates must aiso be removed
by the refrigeration system to keep the product cold, adding more to the annual
electricity costs. If the cooler or freezer has single-phase power, the electricity
usage can be reduced by choosing permanent split capacitor (PSC) or brushless
DC motors instead of conventional, shaded-pole motors. Brushless DC motors

25 ibid
20 ibid
227 ibid
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are also sometimes known by the copyrighted trade name ECM (electronically
commutated motor).

1.12.9 Zero-Energy Doors”’

Cooler or freezer reach-ins with glass doors typically have electric resistance
heaters installed within the door frames. Refrigerator door manufacturers include
these resistance heaters to prevent condensation from forming on the glass,
blocking the customer’s view, and to prevent frost formation on door frames.
Zero-energy doors may be chosen in place of standard cooler and freezer doors.
These doors consist of two or three panes of glass and include a low-conductivity
filler gas (e.g., Argon) and low-emissivity glass coatings. This system keeps the
outer glass warm and prevents external condensation. Manufacturers can
provide information on how well these systems work with “respiring” products.

1.12.10 Door Heater Controls™'

Another option to zero-energy doors — that is also effective on existing reach-in
cooler or freezer doors — is “on-off’ control of the operation of the door heaters.
Because relative humidity levels differ greatly across the United States, a door
heater in Vermont needs to operate for a much shorter season than a door
heater in Florida. By installing a control device to turn off door heaters when
there is little or no risk of condensation, one can realize energy and cost savings.

There are two strategies for this control, based on either (1) the relative humidity
of the air in the store or (2) the “conductivity” of the door (which drops when
condensation appears). In the first strategy, the system activates your door
heaters when the relative humidity in your store rises above a specific setpoint,
and turns them off when the relative humidity falls below that setpoint. In the
second strategy, the sensor activates the door heaters when the door
conductivity falls below a certain setpoint, and turns them off when the
conductivity rises above that setpoint.

1.12.11 Discus and Scroll Compressors®*

Discus Technology involves using effective gas and oil flow management
through valving that provides the best operating efficiency in the range of the
compressor load. This eliminates capillary tubes typically used for lubrication,
and also offers maximum compressor protection as well as environmental
integrity. Discus retainers inside the cylinder also improve efficiency and lower
sound levels. Reducing discharge pulsation levels by 20% over older reed
models accomplishes this. The discus action is similar to a piston in the car
engine. There is a moving reed action in the top part of the piston, which
decreases lost gas from escaping. This leads to the effective gas utilization
mentioned above. Because of the close tolerance maintained by this discus
retainer to the top of the compressor structure, the fluid loss is minimized and

30 ibid
o ibid
32 Technical Reference User Manual (TRM) No. 2006-41. Efficiency Vermont, June 2008

128



Case No. 2007-00477
Attach. STAFF—DR-OOG(b)(l)

Page 132 of 150
Appendix B: Descriptions of Commercial Sector Energy Efficiency Measures for
North Carolina

adds to efficiency, however this same tight tolerance requires completely particle
free fluid to pass through it.

The discus compressor offers a rated compressor efficiency rating, expressed in
EER, which is significantly higher than the standard reciprocating type
compressor, therefore leading to significant annual energy savings.

Scroll Technology involves using two identical, concentric scrolls, one inserted
within the other. One scroll remains stationary as the other orbits around it. This
movement draws gas into the compression chamber and moves it through
successively smaller pockets formed by the scroll’s rotation, until it reaches
maximum pressure at the center of the chamber. At this point, the required
discharge pressure has been achieved. There, it is released through a discharge
port in the fixed scroll. During each orbit, several pockets are compressed
simultaneously, making the operation continuous.

Scroll compressors generally have slightly lower efficiency ratings than do discus
compressors, particularly in lower temperature applications, but are nevertheless
significantly more efficient than standard reciprocating compressors.

1.12.12 Floating Head Pressure Control***

Installers conventionally design a refrigeration system to condense at a set
pressure-temperature setpoint, typically 90 degrees. By installing a “floating head
pressure control” condenser system, the refrigeration system can change
condensing temperatures in response to different outdoor temperatures. This
means that as the outdoor temperature drops, the compressor will not have to
work as hard to reject heat from the cooler or freezer.

1.12.13 Anti-Sweat Controls™*

Due to basic laws of physics involving humidity, air temperature and dew point,
when warm, humid air from a store’s interior meets the cold air of a refrigerated
display case, condensation occurs. This can lead to ice build-up on door gaskets
and to the fogging and “sweating” of the doors, which can not only damage
equipment but prevent customers from seeing the products inside the
refrigerated case.

To prevent this condensation and “sweating,” the refrigerated display case doors
and frames are heated (hence the name, “anti-sweat heaters”). In essence, the
heater dries up any warm, humid air that may have gotten trapped inside the
display cases during customers’ opening and closing of the doors. Anti-sweat
heater controls, in turn, are used to ensure that the doors and frames are heated
only when necessary.
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Most anti-sweat heaters operate non-stop 24 hours a day, 365 days a year, even
though condensation is a serious problem in Wisconsin only during warm, humid
summer days. (Warm air can hold more moisture, which is one reason why
humidity tends to be higher in the summer.)

An anti-sweat heater needs to run continuously only when a store’s relative
humidity reaches 55 percent and condensation is likely. Yet approximately 80
percent of grocery stores run their anti-sweat heaters continuously, regardless of
humidity levels, according to a survey by Focus on Energy.

1.12.14 High Efficiency lce Maker™*

A typical ice-maker consists of a case, insulation, refrigeration system, and a
water supply system. They are used in hospitals, hotels, food service, and food
preservation. Energy-savings for ice-makers can be obtained by using high-
efficiency compressors and fan motors, thicker insulation, and other measures.
CEE has developed 2 efficiency thresholds — Tiers 1 and 2. Tier 2 units are not
currently available, but more efficient models have been developed that are
expected to be on the market soon.

A high efficiency ice-maker can fall into one of two tiers: Tier 1 — those
approximately meeting the Federal Energy Management Program (FEMP)
specifications, or Tier 2 — those 20% more efficient than Tier 1. Refer to the
specification table in the Reference Tables section for the precise specification.

1.13 Compressed Air
Compressed air energy efficiency measures are covered in this section. Listed
below are the basic assumptions used in this study for annual kWh savings,
demand savings, useful life, and incremental cost. Sources for this data can be
found in Appendix B1. Commercial Measure Assumptions.

Kw Measure
Ansnat\'l?akzvh Demand Useful Incremental
Measure Name g Savings Life Cost
Compressed Air — Non-Controls 13,473 15 7 $1,347
Compressed Air — Controls 37,781,880 1.1 7 $4,313
1.13.1 Compressed Air — Controls and Non-Controls™*

Controls that reduce compressed air system energy requirements. This measure
applies to new construction, equipment replacement and retrofit. Non - controls
refers to measures other than controls that reduce compressed air system
energy requirements.
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1.14 Monitor Power Management

Monitor power management energy efficiency measures are covered in this
section. Listed below are the basic assumptions used in this study for annual
kWh savings, demand savings, useful life, and incremental cost. Sources for this
data can be found in Appendix B1: Commercial Measure Assumptions.

Kw Measure
Ansna'flai':lk?h Demand Useful Incremental
Measure Name 9 Savings Life Cost
EZ Save Monitor Power Management 30 01 5 $26
Software
1.14.1 EZ Save Monitor Power Management Software®’

This measure describes the energy savings associated with office computer
monitor power management (MPM) EZ Save software that enables a computer
monitor to automatically power-down (i.e., sleep mode feature for the monitor
after a period of inactivity).”*® EZ Save software is appropriate for organizations
with a computer network and an in-house network administrator knowledgeable
about network software installations. Energy savings are estimated in this
characterization on a per computer basis and aggregated based on the indicated
number of computers to be activated on the software download form. EZ Save is
instalied on the local server without the need to go to the separate computer
stations connected to the network. The energy savings estimated in this
characterization are applicable to computers used on average 45 hours per
week. Given that not all downloads of EZ Save MPM software will be installed
due to the two-step process required by network administrators, we discount total
kWh savings by an in-service rate (ISR) factor.

1.15 Water/Wastewater Treatment
The following water and waste water treatment energy efficiency measures are
covered in this section. Listed below are the basic assumptions used in this study
for annual kWh savings, demand savings, useful life, and incremental cost.
Sources for this data can be found in Appendix B1: Commercial Measure
Assumptions.

KW Measure
Argnat:lz::]k\sl,Vh Demand Useful Incremental
Measure Name 9 Savings Life Cost
Improved equipment and controls 158,000 18.0 17 $75,200
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1.15.1 Improved equipment and controls®*

Multiple Point Control Systems (MPCS) are control systems using multiple points
of control to improve energy efficiency for building systems such as cooling,
heating, lighting, ventilation, and/or other end uses. MPCS may control only a
single system or may provide integrated control of several different building
systems. Examples include chiller staging controls and integrated building
Energy Management Systems (EMS). The description is not intended to include
simple setpoint control systems, nor does it apply to any control system
specifically described elsewhere in the Technical Reference Manual (e.g.,
demand controlled ventilation, lighting controls, refrigeration floating head
pressure controls, variable frequency drives, etc.). This measure applies to new
construction, equipment replacement and retrofit.

1.16 Transformers
High efficiency power transformers measures are covered in this section. Listed
below are the basic assumptions used in this study for annual kWh savings,
demand savings, useful life, and incremental cost. Sources for this data can be
found in Appendix B1: Commercial Measure Assumptions.

KW Measure
Ansnat:/a;:]k\sﬂlh Demand Useful Incremental
Measure Name g Savings Life Cost
ENERGY STAR Transformers 7,498,560 0.6 30 $856
1.16.1 ENERGY STAR Transformers®’

Low-voltage, 3-phase, dry-type transformers where the primary voltage is
480/277 Volt, and the secondary voltage is 208/120V. Utility-owned transformers
are not eligible. All transformers must include an ENERGY STAR® label (TP-1).
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1. Introduction to Industrial Measures

This technical appendix describes a range of industrial sector energy efficiency
measures suitable for North Carolina. GDS plans to add information to this section of
the report based upon comments that will be received from the RPS Advisory Group.
The purpose of this technical appendix is to describe these energy efficiency measures
and to provide data on their costs, energy savings and useful lives. Table 1-1, below,
shows a list of measures considered for this sector, and the levelized cost per lifetime
kWh saved for each measure.

Table 1-1: Industrial Measures — Levelized Cost per Lifetime kWh Saved

Levelized cost
per kWh
Measure saved

Non-Lighting
Sensors and Controls -$0.0500
Advanced Lubricants -$0.0636
Electric Supply System Improvements -$0.0060
Pump System Efficiency Improvements - $0.0007
Advanced Air Compressor Controls $0.0002
Air Compressor System Management $0.0015
Industrial Motor Management $0.0013
Advanced Motor Designs $0.0025
Motor System Optimization (including ASD) $0.0025
Fan System Improvements $0.0023
Transformers (NEMA Tier Il $0.0050
Lighting End Use
Efficient Industrial Lamps and Fixtures $0.0114
Other Industrial Energy Efficiency Measures $0.0100

1.1 Sensors and Controls
Industrial sensors and control refers to a variety of measures that can be implemented
to optimize the energy use of motors, lighting, and other electric end uses.

1.2 Advanced Lubricants®"'
Industrial lubricants are oils, fluids, greases and other compounds designed to reduce
friction, binding or wear and exclude moisture. Advanced lubricants are able to

withstand high temperatures as well as reduce noise in many applications.

241

http.//industrial-
lubricants.globalspec.com/LearnMore/Materials Chemicals_Adhesives/Industrial Oils Fluids/industrial L
ubricants Greases
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1.3 Pump System Efficiency Improvements®*
Existing pump system efficiency improvements involve changing the control system

and/or the pump. New pump systems have far greater improvement opportunities
because the piping itself can be selected to reduce energy costs.

1.4 Advanced Air Compressor Controls
Air compressor controls reduce compressed air system energy requirements. This
measure applies to new construction, equipment replacement and retrofit. Non-controls

refer to measures other than controls that also reduce compressed air system energy
requirements.

1.5  Air Compressor System Management***

Intelligent air compressor management systems are designed to save energy and
reduce operating costs. Most control kits can reduce energy consumption by up to 10%
of industrial air compressor installation employing multiple compressors.

Heat recovery can be utilized for energy savings in a compressed air system because
approximately 80-90% of the input energy to a compressor is applied to raise the
temperature of the air. Ducting warm air to preheat or dry materials and ducting heat
from an air-cooled compressor can be ducted inside the plant to reduce space heating
costs as well as deflected outside during the summer months.

1.6  Industrial Motor Management
Even the most efficient motors may not save a significant amount of electricity if the
motor system is not running in an optimal way. Since the motor is only a component of

the larger motor system, optimizing the whole system provides the greatest opportunity
for savings.

1.7  Advanced Motor Designs®**®

Advanced motors, or high efficiency motors, save energy and demand by delivering the
same shaft power to the load using less energy than a standard efficiency motor. High
efficiency motors generally have improved efficiency at full load and improved efficiency
at reduced motor load. Because many industrial motors operate between 40 and 80
hours per week, even a small increase in efficiency can yield huge energy savings.

1.8 Motor System Optimization (including VSD)**®

Motor system optimization starts with an in-depth analysis of motors and motor systems
(including fans and pumps) to match motor output with end-use (load) requirements and
to optimize the motor system’s energy efficiency. The review of the motor system

242

hitp:/iwww_pumps.ora/public/pump_resources/Pump_Systems Matter/Why Do Pumps_Matter. pdf
243 htto://www.pge.com/003 save energy/003c_edu train/pecl/info_resource/pdf/COMPAIR.PDF
Engineering Methods for Estimating the Impacts of Demand-Side Management Programs, EPRI, 1993
http.//www.cee1.ora/resrc/facts/mot-sys-fx.php3
http://www.xcelenergy.com/docs/retail/lbusmrkts/EsourceMotorOptimization. pdf
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begins with an evaluation of the duty cycles and load profiles for every motor at the
facility. Potential improvements include replacing oversized motors with smaller, more

efficient motors and installing variable speed drives (VSD) when the load varies
significantly.

For systems in which the loads vary frequently, installing a VSD can be a good
investment. A VSD is considerably more expensive than buying a smaller and more-
efficient replacement motor, so if the load is consistently low (less than 40 to 50 percent
of the rated output), then the motor-replacement option is the smarter choice.

1.9  Fan System Improvements?*’:2%8
Fan systems can be upgraded in a few ways to save energy and costs. The main
source of energy savings comes from the combination of sizing the system correctly,

and installing variable speed drives (VSD) to efficient fan motors. There are also ways
to save through static pressure resets.

Variable air volume (VAV) systems are in general more energy efficient than constant
volume systems because VAV systems reduce airflow in response to a demand
decrease. Sizing the system correctly increases the lifetime of the air handler and
decreases energy usage to begin with.

Installing a VSD on fans allows them to follow the actual energy load, which changes
with time.

Static pressure reset is a method of controlling air handlers in VAV systems and is more
efficient than methods based on static pressure, especially when operating at part-load
conditions. The benefits that result include energy savings, high reliability and reduced
noise. The speed of the supply fan on most VAV systems is controlled to maintain a
constant static pressure in the supply duct. Energy is saved by controlling the fans to
supply the minimum amount of air needed to allow the terminal boxes to remain in
control. This reduces the supply static pressure, lowering the supply fan speed and
power. Heating and cooling energy savings are also created.

1.10 Transformers?*%250

Electricity in the industrial sector for the most part flows through distribution
transformers. The Federal Energy Policy Act of 1992 calls on the Department of Energy
to require minimum efficiency standards for distribution transformers. Because of this
national regulation most of the transformers today convert more than 95% of the power
input to output power. There is still room for improvement in energy and cost savings
because of the constant flow of electricity through the transformers.

247
248
248
250

hitp://iwww_energystar.govl/ia/business/FanSystems.pdf
hitp://208.57.108.243/pdfs/VAVSYSTEM.PDF

hitp://www .energystar.gov/index.cfm?c=ci_transformers.pr ci transformers
hitp://iwww.nema.org/stds/ip1.cfm
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Energy efficient transformers are usually medium or low-voltage, 3-phase, dry-type
transformers where the primary voltage is 480/277 Volts and the secondary voltage is
208/120V. Manufacturers have helped move the market to higher efficiencies on a
voluntary basis with the NEMA standard TP-1. The transformers that follow the NEMA
standard include an ENERGY STAR® label.

1.11 Efficient Industrial Lamps and Fixtures®”’

“High-Performance” or “Super” T8 lamp/ballast systems have higher lumens per watt
than standard T8 systems. This results in lamp/ballast systems that produce equal or
greater light than standard T8 systems, while using fewer watts. When used in a high-
bay application, high-performance T8 fixtures can provide equal light to HID High-Bay
fixtures, while using fewer watts. Eligible fixtures include new, replacement, or retrofit.

A T5 high-bay fixture has a fixture efficiency of over 91%, while a metal-halide fixture
has a fixture efficiency of ~70%. By using a more efficient fixture, a space can be lit
with fewer watts or fixtures. Typically, a 4-lamp F54T5HO system using 240 watts will

provide as much light on a target surface as a standard 400 watt metal-halide fixture
using 455 watts.

T5 lamp/ballast systems have higher lumens per watt than a typical T8 system. In
addition, the smaller lamp diameter allows for better optical systems, and more precise
control of light. The combination of these characteristics results in light fixtures that
produce equal or greater light than T8 fixtures, while using fewer watts. When used in a
high-bay application, T5 fixtures can provide equal light to HID High-Bay fixtures, while
using fewer watts. Eligible fixtures include new and replacement.

281 Technical Reference User Manual (TRM) No. 2006-41. Efficiency Vermont, June 2006.
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kWh and kW Savings for the Achievable Cost-effective
Potential Electricity Savings Base Case for North Carolina
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Potential Study
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Study

1. Discount rate = 10%
2. Annual rate of inflation in the future = 2.5% per year

3. Estimated annual line losses between the customer meter and the electric
generation plant = 5.6%

North Carolina Utility Loss Factors
2005 Form 1 Electric Energy Account

Page 401a
Loss Factor
(Ratio of
Losses to l.oss Factor to
Total Energy Total apply to
Utility Requirement Losses | Energy Sold Requirement) Metered Sales
(MWh) {(MWh) (MWh) (%) (%)
Carolina Power & Light 61,950,539 | 2,321,831 1 59,628,708 3.75% 3.89%
Duke Energy Corporation 91,268,837 | 5,780,627 | 85,488,210 6.33% 6.76%
Weighted Average Line Losses 153,219,376 5.29% 5.60%

Prepared by GDS Associates, November 2006

4. Percent of energy efficiency measure cost paid by the Program
Administrator with a financial incentive = 50%

5. Maximum achievable long term penetration rate for energy efficiency
measures = 80%

6. Main strategy for energy efficiency programs = replace on burnout (not
early replacement)

7. Levelized cost per kWh of electric generation in the future (including
energy and capacity costs) =$.05 per kWh in $2006

8. Levelized cost per kWh of electric transmission in the future =$.003 per

kWh in $2006 (Source: February 2006 EIA Annual Energy Outlook, page
78, Table 16).

147






Case No. 2007-00477

Attach. STAFF-DR-006(b)(2)
Page 1 of 154

@gmu Assoctalzs
Y

ANALYSIS OF A RENEWABLE
PORTFOLIO STANDARD FOR
THE STATE OF

NORTH CAROLINA

PREPARED FOR
North Carolina Utilities Commission

PREPARED BY
La Capra Associates, Inc.

Twenty Winthrop Square
Boston, MA 02110

Technical Report

GDS Associates, Inc.

1850 Parkway Place, Suite 800
Marietta, GA 30067

Sustainable Energy Advantage, LLC

4 Lodge Lane
Natick, MA 01760 December 2006




Case No. 2007-00477

Attach. STAFF-DR-006(b)(2)

Page 2 of 154
ANALYSIS OF A RENEWABLE PORTFOL 10 STANDARD
FOR THE STATE OF NORTH CAROLINA

TABLE OF CONTENTS

NOTICE AND ACKNOWLEDGENMENTS ...ttt st a s s e i
EXECUTIVE SUMMARY ..ottt etersesis s et iasessasn e s st avan s s snae s e s e asnsa sasssssasansnsnes st esssnne sesassasssnnssssnses i
1. INTRODUCTION. ... cieeteciretie et sere sttt e ara s easb v rss e sa s restsvn e eas s e R s e s s s s tabeasas e st n s nea s ra st s s e nanuess 2

11 WHAT Is AN RPS?. e 2
1.2 GENERAL RPS OBUJECTIVES .. o oo e r e enaean aneeaee s B
1.3 APPLICABILITY TO NORTH CAROLINA ... oot e oo a e erranenn B
RIS S CENARIDS ..o iiieiieeterectesnesseeassasserestrrtasssssnsttrerssterermarassrssesssnesstemtsarrreseerssnesrsnesaensssasisasssses 9
RESOURCE SUPPLY ASSESSMENT
31 AN DF I L G AS oo ot e e e e e e e et e
32 BIOMASS. ... .oooievi
Wood Residue............ .
Urban Wood Waste. .. SRTUTRRRRRSRSR
Corn Stover and Wheat Straw
Additional Fuels NOt INCIUAEM ... ... e e e raaan
Generating TeChNOIOGIES . ..........ceevviui v
3.3 AANIMAL MV ASTE et oo e e e e e et ta ettt
Hog Waste and Anaerobic D/gesters AAAAAAAAAAAAAAAAAAAAAAA et TSP PP 26
Poultry Litter..........cc.cccoc....... U ST UV PPN URPUUPPPRRPPI 28
34 WIND .. e 0. 29
Eastern W/nd ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ —— e OO TUUTUU OO 32
Western Wind...............ccccccoiiiiciiiie e e 32
OFF-SROIE WM ... oo e e e e e e e et eana
35 HYDRO .. e 33
3.6 SOLAR .. e . e e 3B

4. RENEWABLE AND CONVENTIONAL SUPPLY COST DEVELOPMENT ....coccevmiiriinreeriscnenn 38

4.1 RESOURCE COSTS AND OPERATIONAL CHARACTERISTICS ..oooiieveeee N s e 38
INSEANEE COSIS. oo e e
Operational Costs
Tax Benefits ..

4.2 FINANCING ASSUMPTIONS AND RESOURCE COST CALCULAT!ON .............. TR Y X
Financing Non-Ulility Renewables ........... ...c.cccocoreveriivicesiieieiccineeneaeiiieennn 41
Levelizad COSES..... o oo e et AT
Utility-Owned GeNEration ... ..o et e ae e e e 42

4.3 FUEL PRICE ASSUMPTIONS ... .ottt e e e A3

5. ENERGY EFFICIENCY ...ttt iniiisrc sttt ea s s vras st as s s ne s e a s ea s e s s smnesns 46

5.1 MIETHODOLOGY - oo e e e et e e 48
52 RPS IMPLICATIONS oo oo e e e e e A8

6. UTILITY RATE IVIPACT ..ottt sms s st ss s sesas o ness s st vass e sssn s o ss s e s anssnsasanansans 52

6.1 UTILITIES' AND RPS PORTFOLIOS oot e DB
Utilities’ Portfolio... e e i DA
Alternative RPS Portfollos L BB

6.2 NORTH CAROLINASMARG!NALAVOIDED ENERGY COSTS‘,HM e . B9

6.3 COMBINED RATE IMPACT FOR RPS SCENARIOS ... oecvvee oo eeaie e B0




Case No. 2007-00477
Attach. STAFF-DR-006(b)(2)

Page 3 of 154

ANALYSIS OF A RENEWABLE PORTFOLIO STANDARD
FOR THE STATE OF NORTH CAROLINA

7. NON-ENERGY RELATED BENEFITS .coi it oiirecrcrteesisaenesssrnecsesse s s sssassssssansssssssesssnnsssnssnnnnns 66
71 STATE ECONOMIC IMPACT ANALYSIS oo o oreee oo e e e e e e e, OB
Economic Impact of Rate Increases...... ... e, 67

Job Creation and Multiplier EFfeCt ... 69

Other Economic Benefits ............ e e 7B

7.2 ENVIRONMENT AL IMPACT . oo e e e e e ettt e L TT
AIFQUANEY . oo e e e [ 8

Greenhouse Gases.. .....80

Water Usage ... e e e B2

Land Usage and Fuel Extracnon e e 82

Waste Disposal ............ et 83

7.3 OTHER BENEFITS oo oo e e e e B

8. OTHER RPS CONSIDERATIONS ....ceottrtiieieirrceerrecsrttesiessssnerssssssssssosessssssssmisasaessammessassessnssrnssnsass 85
8.1 EXISTING OBSTAGCLES TO RENEWABLE ENERGY DEVELOPMENT IN NORTH CAROLINA ... ........ 85

82 POTENTIAL RPS DESIGN CONSIDERATIONS ...t reoeoe oo eeseeeeecseacinan caenenineenesereenne e 8D

83 ADDITIONAL RPS-RELATED CONSIDERATIONS ... oot oeeoeoe e oeiaeeoe e eiin e aan v o seenn. B9

9. Lode ] [0d BT LT (0] X = PSR 94

APPENDICES
APPENDIX A: JUNE 30, 2006 LETTER TO ENVIRONMENTAL REVIEW COMMISSION........oovcevvicaeccee oo 103

APPENDIX B: LA CAPRA TEAM BACKGROUND ...
APPENDIX C: SOLAR CONTRIBUTION ..ot oottt et a2 e 2 a1 e e e e e n e e e s s bt eetanea a2 a e sinsanennn e
APPENDIX D; CoMMENTS TO TVA FROM NC ATTORNEY GENERAL Roy COOPER . UUUPUUUUURUURORNRURN I
APPENDIX E: ADDITIONAL RESOURCGE DISCUSSIONS . oo ettt e e ae et eia s nena et aa s i esasanan s
APPENDIX F: RENEWABLE PORTFOLIO ASSUMPTIONS AND RESULTS
APPENDIX G’ ENERGY EFFICIENCY IMEASURES ... oot iieitt ieaeee sttt aesaiacssian et anee s mn et e sae et s
APPENDIX H: ADDITIONAL ECONOMIC IMPACT DlS(‘USSION
APPENDIX I: NET METERING AND INTERCONNECTION RULES . s
APPENDIX J: EXCERPTS RELATED TO RPS PURPOSES FROM VARIOUS STATES

SUPPLEMENTAL ATTACHMENT: A STuDY OF THE FEASIBILITY OF ENERGY EFFICIENCY AS AN ELIGIBLE
RESOURCE AS PART OF A RENEWABLE PORTFOLIO STANDARD FOR THE STATE OF NORTH CAROLINA



Case No. 2007-00477
Attach. STAFF-DR-006(b)(2)
Page 4 of 154

Notice and Acknowledgements

This Report was prepared by La Capra Associates, Inc., GDS Associates, Inc., and Sustainable
Energy Advantage, LL.C (the “La Capra Team™) pursuant to a Contract with the North Carolina
Department of Commerce on behalf of the North Carolina Utilities Commission. In the course
of performing this work, the La Capra Team engaged in an on-going dialog with the State’s RPS
Advisory Group, the members of which are listed in Appendix A to this Report.

The dialog between the La Capra Team and the RPS Advisory Group began in earnest with a
meeting at the Commission’s offices on July 26, 2006. Following that meeting, all significant
inputs were discussed in a series of telephone calls with individual members of the Advisory
Group, sub-groups of the Advisory Group and in teleconferences open to the entire Advisory
Group. Further, as important project milestones were achieved, materials were provided to
members of the Advisory Group for their information, review and comment. On October 23,
2006, the La Capra Team provided a draft report to the Advisory Group for further internal
discussion and review. Input on the draft report was taken by the La Capra Team in subsequent
telephone calls and in a meeting on November | at which all members of the Advisory Group
were provided with the opportunity to express their opinions. After receiving input on the draft
report, the La Capra Team revised the draft report and issued this Report.

The La Capra Team greatly appreciates the quality of inputs and collaboration from all members
of the Advisory Group. In addition, the La Capra Team wishes to thank the Commission for its
sage oversight of this constructive process.

The La Capra Team recognizes that it was engaged to provide its independent expert views of
matters on which a variety of opinions are held. We performed this function to the best of our
abilities and we hope that this is how our work has been received by the Advisory Group and the
Commission. That said, the opinions expressed in this Report are those of the La Capra Team
and do not necessarily reflect those of any participant in the process described above.

Additional thanks to experts who were consulted on this project including: Alex Hobbs and Beth
Mast (North Carolina Solar Center); Christopher Hopkins (North Carolina State University);
Larry E. Shirley and Bob Leker (State Energy Office); Ed Mussler (North Carolina Department
of Environment and Natural Resources, Division of Waste Management); Maggie Inman (NC
GreenPower); Dennis Scanlin, Jeff Tiller, and Dennis Grady (Appalachian State University); and
Ollie Frazier (Duke Energy).



Case No. 2007-00477
Attach. STAFF-DR-006(b)(2)
Page 5 of 154

ANALYSIS OF A RENEWABLE PORTFOLIO STANDARD
FOR THE STATE OF NORTH CAROLINA

Executive Summary

Overview

At its January 24, 2006 meeting, the Environmental Review Commission (ERC) of the North
Carolina General Assembly requested that the North Carolina Utilities Commission
(Commission) undertake a review of the potential costs and benefits of enacting a Renewable
Portfolio Standard (RPS) in North Carolina (the State). The ERC directed the Commission to
engage an experienced consultant to perform the study under the Commission’s direction.
Pursuant to a Request for Proposals (RFP) (as described in Appendix A), the Commission
retained a team of consultants consisting of GDS Associates, Inc., Sustainable Energy
Advantage, LLC, and La Capra Associates, Inc. (the La Capra Team).l This Report sets forth
the results of the La Capra Team’s review in response to the request of the ERC.

As this Report discusses in detail below, the Key Findings of our analysis are as follows:

North Carolina should have sufficient renewable resources within the State to
meet a 5% RPS requirement for new renewable generation. A 5% RPS would
increase average retail electricity rates by less than 1% and would be
accompanied by net job creation and property tax benefits.

* The State would have difficulty meeting a more aggressive 10% RPS with only
new renewable resources located within North Carolina. A 10% RPS focused
solely on generation supply would only be achievable by the inclusion of larger
hydroelectric generation and the development of wind in both the western part
of the State and in off-shore locations. A 10% RPS met only with new renewable

generation would increase average retail electricity rates by at most 3.6% in the
tenth year.

= Inclusion of energy efficiency as an eligible RPS resource in addition to larger
hydroelectric generation and wind in the western part of the State would enable
the State to achieve a 10% RPS and could dramatically reduce the cost of an
RPS. For example, if energy efficiency was permitted to comprise 25% of an
expanded resources RPS portfolio, both a 5% RPS and a 10% RPS could
reasonably be expected to produce total electric cost savings for consumers of
about half a billion dollars over 20 years.”

Introduction

A Renewable Portfolio Standard (RPS) is a policy tool that sets a requirement for retail sellers of
electricity to provide a minimum portion of their electricity portfolio from renewable resources.”

1 A brief description of the La Capra Team is attached to this Report as Appendix B

2 This is calculated in Net Present Value (NPV) over 20 years using a discount rate of 10%

3 Renewable energy is often defined as electricity generated from renewable resources such as solar, wind, biomass, geothermal, and water
However, in an RPS context, the list of eligible resources will vary depending on the particular state's definition
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The RPS requirements are typically denoted as a percentage of electricity sold to retail customers
and are achieved by phased-in increases in the target percentage over time. Some RPS
requirements include existing renewable generation, and others focus primarily on new
(additional) generation. The standards are applied to companies selling electricity to retail
customers (often referred to as load serving entities (LSEs)), which may include investor-owned
utilities (I0Us) and public utilities (municipals and cooperatives), as well as any competitive
retail suppliers (if applicable).

While a Federal RPS has been considered by Congress, to date, all enacted RPSs have been
adopted at the state or local levels. As a result, the resources that are eligible for each RPS vary
from state to state, reflecting each state’s access to economically available resources and other
economic, environmental and political considerations established through various combinations
of legislative, regulatory and stakeholder processes. Over twenty states and Washington, D.C.
have now passed an RPS of some form (see Figure ES-1). Four of these states — Connecticut,
Hawaii, Nevada, and Pennsylvania — have included energy efficiency’ or demand-side
management (DSM)’ measures as qualifying resources, either to meet an RPS target in

conjunction with other renewable energy or to meet a target created for a separate tier or class of
resources as part of an RPS.

Figure ES-1: States with Renewable Portfolio Standards

Keel mandate of
1,125 MW wind by 2010

M 10% by 2015 Goal + }

ME: 30% by 2000;
10% by 2017 goal - new RE

MA: 4% by 2008 + ]

1% annual ncrease

{ CT: 10% by 2010 |
[5 NY: 24% by 2013 ]
[ NJ: 225% by 2021]
[ PA:18% by 2020 |
[ *MD: 7.5% by 2019 |
[ *DE: 10% by 2019 |
{2 DC: 11% by 2022 |

State RPS

2 @q)| HI: 20% by 2020 State Goal
0@ & Energy Efficiency
%ﬁ- 3¢ Minimum selar or customer-sited re quivement Included

® Increased credit for solar
*PA: 89 Tier 1, 10% Tier Il (includes non-renewable sources and DSM)

Source: North Carolina Solar Center (updated November 2000)

4 Energy efficiency is often defined as physical, long-lasting changes to buildings and equipment that result in decreased energy use while
maintaining the same or improved levels of energy services.

5 Demand side management (DSM) encompasses both energy efficiency and other programs such as load management, load shifting, demand
response, and other peak load reduction programs
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The states that have adopted an RPS have cited a number of reasons for doing so, including:
= Providing local (in-state) economic development;

Promoting the development of environmentally sustainable resources in a cost-
effective manner;

Reducing environmental impacts of electricity generation, including emissions of
various local and regional pollutants and/or greenhouse gases;

8 Diversifying the state’s energy portfolio;
= Hedging against price volatility or increasing fuel costs; and

*  Meeting incremental demand with small-sized renewables rather than relying on a
single large facility.

In considering an RPS, the major areas of concern for state policymakers usually involve
identifying the potential costs and benefits of an RPS and the renewable resources that can
feasibly be developed to meet an RPS. Additionally, consideration must be given to unique
issues related to a state’s utility structure, as well as existing rules and policies related to utilities
and electric generation. For example, in 2003 North Carolina implemented a voluntary green
energy program, administered by NC GreenPower (NCGP).® The statewide program, designed
to encourage the use of renewable energy, offers customers the opportunity to choose a supply
option by paying a premium for grid-tied electricity generated by solar, wind, small hydroelectric
(10 megawatts or less) and biomass resources.

The eligibility criteria established for NCGP resources are used in two of the RPS scenarios that
were examined. For this analysis, the La Capra Team was also asked to estimate associated

impacts if energy efficiency was included as a resource eligible to meet 25% of a total RPS
requirement.

Key Questions Addressed

In this Report, the La Capra Team addresses four key questions to assist North Carolina
policymakers in considering whether to implement an RPS:

= What amounts of new (additional) renewable resources and energy efficiency
measures are feasible in North Carolina?

= If an RPS were implemented in North Carolina, what would be the impact on
electricity rates?

& NC GreenPower is an independent, nonprofit organization created by state-government officials, electric utilities, nonprofit organizations,
consumers, renewable-energy advocates and other stakeholders. It began operation in October 2003 as the first statewide green-power
program in the United States. North Carolina's three investor-owned utifities — Progress Energy, Duke Energy and Dominion North Carolina
Power -- and many of the state's municipa! utilities and electric cooperatives are participating in NC GreenPower
<hitp:/lwww.ncgreenpower org>
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What other potential benefits and costs, aside from rate impacts, might result from an
RPS?

= What other key issues must be considered relative to renewable energy development
or an RPS in North Carolina?

What amounts of new (additional) renewable resources and energy efficiency measures are
feasible in North Carolina?

= The State currently has more than 1,400 megawatts (MW) of utility-owned
hydroelectric (hydro) capacity and more than 600 MW of nonutility-owned renewable
generation capacity. Combined, the approximate 2,000 MW of renewable
generation capacity can meet about 4%-5% of the State’s current energy needs.

= Beyond the existing base of renewable generation, North Carolina has a diverse mix
of untapped renewable energy resources that can be developed to meet an RPS.
Though there may be upwards of 13,000 MW of renewable energy potential in the
State, we estimate that about 3,400 MW can be practically developed. This
estimate includes both eastern and western on-shore wind, but does not include any
off-shore wind potential. In theory, the potential for off-shore wind can be much
larger than that of on-shore wind, but it is difficult to provide a useful off-shore
estimate given that no such projects have been permitted and installed in the U.S. thus
far. Similarly, the solar photovoltaic (PV) potential in the State was also not
estimated because it is not limited by technical or practical considerations but rather
by current levels of installed costs.

= Biomass (wood and agricultural waste) would likely be the largest energy
contributor to an RPS. Biomass fuel can be co-fired in existing coal plants or can
fuel new dedicated plants.® Additionally, North Carolina’s farming sector (through

poultry litter and hog waste) may be able to contribute close to 200 MW of generating
capacity to the State.

7 Solar thermal applications were not included in generation potential estimates, but have been included in some RPS

8 1t is important here to point out the distinction between capacity and energy  Capacity is represented by megawatts (MW, which equal 1,000
kW) and reflects the maximum power output of a facility at any given time Energy, measured in gigawatt-hours (GWh), megawatt-hours
(MWHh) or kilowatt-hours (kWh), represents the total amount of electricity that is generated or consumed over time (a 1 MW capacity facility can
generate up to 1 MWh of energy per hour). Depending on the capacity factor of a particular generation technology (i.e- the fraction of energy
produced over time relative to its maximum potential output), the energy output can vary greatly Capacity factors for biomass facilities can
range from 70% to 90%, while wind facilities often achieve capacity factors in the 30%-40% range. Therefore, even though the practical
potential for wind in North Carolina may be greater in terms of MW, biomass facilities are likely to contribute a larger share of the energy.
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Table ES-1: New Renewable Resources Potential

Landfill Gas 240 150 1,000
Biomass (Wood and Ag. Crops Waste) 2,270 1,100 8,700

Co-Firing** 1,875 384 2,500
Poultry Litter 175 105 800
Hog Waste 116 93 600
Wind (on-shore)*** 9,600 1,500 3,900
Wind (off-shore) N/A N/A N/A
Hydro**** 508 425 1,700
Solar PV N/A N/A N/A
Total In-State Potential 12,909 3,373 16,700

*Energy estimate rounded fo nearest hundred GWh. **Co-firing is a subset of the Biomass assessment.
*** Includes wind development in the western mountains. **** Includes hydroelectric generation larger than 10 MW.

= The energy efficiency potential in the State should be sufficient to meet 25% of
RPS targets for scenarios that include energy efﬁciency.9 According to an
analysis by GDS Associates,'® energy demand in North Carolina could be reduced by

14% by 2017 with the implementation of additional cost-effective energy efficiency
measures.''

If an RPS were implemented in North Carolina, what would be the impact on electricity rates?

Our analysis was structured to examine the resource potential and resulting costs (rate impacts)
to meet a moderate RPS beginning in 2008 which ramps up at 0.5% per year to 5% in 2017 (the
“5% RPS™) and a more aggressive RPS which ramps up at 1% per year over the period 2008 to
2017 to reach 10% in 2017 (the “10% RPS™).

The study utilized three different sets of eligible renewable resources and/or energy efficiency
measures as shown below. These different “Resource Groups” reflect an array of resource
options that could be included in an RPS.'? Resource supply curves” were developed by year
and by resource group for all the scenarios tested. The cost of renewables assumes that most of
the renewable energy is procured through long-term power purchase agreements at a fixed price
that would allow developers to earn a sufficient return on investment to attract capital.

9 The 25% assumption used in the scenarios that include energy efficiency measures does not imply that the practical potential is limited to this
modeled amount This assumption was used for modeling RPS scenarios only

"9 See accompanying report by GDS, *A Study of the Feasibility of Energy Efficiency as an Eligible Resource as Part of a Renewable Portfolio
Standard for the State of North Carolina *

11 Cost-effective measures are defined as measures with a levelized cost per lifetime kWh saved of less than $0 05/kWh

12 |n considering these resources, wind resources were separated into eastern and western parts of the State due to potential limitation on
western wind pursuant to the Ridge Law discussed below

13 Supply curves rank potential supply options from lowest to highest cost and show their cumulative contribution
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Table ES-2: Resource Groups for Scenarios

Included Resources

Landfill Gas to Energy All the Resources Undér AH' the Expanded

= Wood Residue®® NC GreenPower Plus... Resources Plus...
8 Wood Waste s New Hydro with or = Energy Efficiency
=  Animal Waste without Existing
= Agricultural Waste Impoundments (no
= Small Hydro at Existing size limitation)
Impoundments © = Incremental Hydro to
(<10 MW) Existing Capacity
= Solar PV = Wind (Entire State)

= Wind (Limited to
Eastern NC)

» Co-Firing with Wood
Residue Only

Using these combinations of RPS targets and allowable resources, annual incremental costs were
calculated based on the difference in cost between a Utilities’ Portfolio'” of new conventional
generation and Alternative RPS Portfolios’® incorporating new renewables, energy efficiency
and conventional generation. The direct impact of introducing a significant amount of renewable
resources (and energy efficiency) into a utility’s supply portfolio is twofold: (1) the displacement
of some new capacity additions and (2) the displacement of some marginal energy generation
from existing units. The incremental cost derived from these two impacts was then used to
calculate rate impact by dividing the annual cost impact by total retail electricity sales in the
State. These cost comparisons do not include all costs that may be incurred by either renewable
generation, energy efficiency, or conventional generation, such as system operation costs or
regional transmission upgrades that are highly site and resource specific.

The six RPS policy scenarios addressed in this Report produced a range of forecasted outcomes.
As shown in the figures below, the six scenarios result in direct rate impacts ranging from a 0.0%
to 0.7% change in 2008 and a (0.4%) to 3.6% change by 2017 as more renewable energy
resources and/or energy efficiency are added to North Carolina’s portfolio."

NG GreenPower Program Plan,” Advanced Energy, Nov. 2002.
<htip /lwww.ncgreenpower org/elements/pdfs/NCGreenPowerProgramPlan. pdf>

15 Wood residue is the portion of trees (branches, tops, etc.) left behind in forests as part of current forest harvesting activities

16 Small Hydro at Existing Impoundments refers to hydroelectric generation projects that are developed at sites with existing impoundments or
diverting structures.

17 The Utilities' Portfolio represents the sum of anticipated new projects needed to meet load growth and retirements according to Duke Energy
and Progress Energy's 2006 Integrated Resource Planning (IRP) filings. (NCUC Docket No. E-100, Sub 109).

18 The Alternative Portfolios achieve RPS targets, while meeting both incremental capacity and energy needs of the State, as forecasted in the
utilities’ IRPs.

19 These percenlages assume average retail rates of 7 5 and 8.5 cents per kWh in 2008 and 2017, respectively
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Figure ES-2:

Annual Rate Impact of 5% RPS Scenarios
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Further observations on the cost scenarios include:

s Overall, without including energy efficiency, the rate impact by the end of the 10-
year time frame of the study is between 0.02 cents’kWh to 0.31 cents/kWh,
depending on the RPS target and resources allowed.  Under these scenarios, the
increase by the tenth year of an RPS for a typical residential customer, whose
monthly consumption is 1,000 kWh, is estimated to be $0.20 to $3.10 per month,
depending on the RPS target and eligible resources.

= Without including energy efficiency in an RPS, the total statewide incremental cost
relative to the Utilities’ Portfolio in Net Present Value (NPV) to the State over 20

years ranges from $319 to $727 million for a 5% RPS and $1.6 to $2.7 billion for a
10% RPS.”

Table ES-3: Total Incremental Cost Over 20 Years in NPV

5% by | 1. NCGP ' T $16,036 ' $727

2017 I1. Expanded $15,653 $319
1I. Plus Energy $14,837 ($476)
. Efficiency $15,051
10% by 1. NCGP $18,492 $2,691
2017 II. Expanded $17,272 $1,584
1I1. Plus Energy
Efficiency $15,041 ($577)

= 1f25% of a 5% RPS target is met with energy efficiency, the rate impact would be
higher (0.024 cents per kWh) initially and lower by the end of the study period (an
overall rate decrease of 0.028 cents per kWh). The higher initial cost results from the
passing of the full cost of an efficiency measure through to customers in the year of
implementation.”>  Additionally, the rate impact takes into account potential
adjustments to rates as a result of utilities” needing to recover fixed costs over less
retail sales.” This effect is seen more readily in the 10% RPS case where greater
energy reductions (2.5%) impact the fixed cost portion to a greater degree, and rate
increases are 0.051 cents per kWh in 2008 declining to 0.044 cents per kWh in 2017.

= Allowing energy efficiency to supply up to 25% of an RPS results in saving about
$476 to $577 million in NPV over 20 years relative to the Utilities’ Portfolio. The net
savings in both the 5% and 10% RPS scenarios are due to the low cost energy

2% Net Present Value is the sum of the future stream of benefits and costs converted into equivalent values today. This is done by discounting
future benefits and costs using an appropriate discount rate of 10%

21 See Appendix G for annual cost comparisons of Utilities’ Portfolio vs Alternative RPS Portfolios

22 The cost recovery mechanism for energy efficiency measures does not necessarily require full recovery in the first year of implementation of

ameasure. Some states choose to amortize the cost of energy efficiency measures over a longer period of time similar to generation capacity
for cost recovery purposes

2 The average fixed cost component in rates for North Carolina utilities was estimated to be 5 cents per kWh
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efficiency measures that were included and an overall reduction of energy
consumption, despite an increase in near-term rates as described previously.

What other potential benefits and costs, aside from rate impacts, might result from an RPS?

Aside from examining rate impacts to the State, this Report also considered other costs and
benefits related to an RPS. The primary areas of focus include:

= State economic development and associated impacts;
*  Environmental impact; and
= Portfolio diversification benefits.

State Economic Development and Associated Impacts

We examined two primary economic benefits to North Carolina for implementing an RPS
portfolio--net job creation and increased property tax revenues to communities. These are the
most readily quantifiable economic development benefits to the State, though there will be other
benefits such as landowner lease payments from wind projects and payments for biomass
procured in-state. The study sums the jobs created from adding renewables in the State as a
result of an RPS, while accounting for the loss of jobs due to potential rate increases and

displacement of some conventional generation that would have otherwise been built as part of
the Utilities® Portfolio.

The graph below shows the total net job impact in job-years for the scenarios tested over the first
20-years of operation for each facility.

= Each of the three 5% RPS scenarios shows a forecasted net increase in jobs of at
least 15% over the Utilities’ Portfolio.”* These increases in jobs are primarily the

result of sourcing biomass fuels locally, rather than importing conventional fuels for
generation.”

= In the 10% RPS scenarios (without energy efficiency) the job gains resulting
from renewable generation development were largely negated by the impacts of
increases in electricity costs. At higher rate impact levels, the job losses from higher

total cost of electricity across the State may exceed the jobs gained through
renewables development.

= Including energy efficiency in either a 5% or 10% RPS can result in net gains in
jobs, especially in the scenario for a 10% RPS with 25% energy efficiency. This
is due to the lower overall cost of energy to the State as a whole as a result of lower
energy usage, despite a slight increase in rates per kK Wh.

24 For comparison purposes, please note that the Utilities’ Portfolio is estimated to create about 146,000 job-years

% This Report assumes that the transportation of conventional fuels within the State would not contribute to the local economy in terms of jobs,
since the paymenis for delivery of conventional fuels are often made to entities outside of North Carolina

La Capra Associates Team
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Figure ES-4:
Net Change in Job-Years for RPS Scenarios
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B Property tax revenues for North Carolina communities are likely to increase as a result
of an RPS. This conclusion is true in all scenarios. These scenarios represent a 6% to
54% increase in potential tax revenues for communities (as a whole) relative to the Utilities’
Portfolio.® Property tax revenues are greater for renewables generally, because a larger
share of total renewable energy project costs is related to capital expenditures than for
conventional projects, so the value of a project used in calculating taxes is greater per MW.
An added benefit is that renewables development may be more dispersed around the State
relative to large generation installations, so more communities can benefit from receiving
property tax revenues from renewable energy projects.

% This is an indicative comparison  Since individual communities have the option to negotiate tax rates with developers, the ultimate outcome
may be different. Only the NPV of the first year of tax revenues derived from individual project installations over time is shown because
depreciation and property tax assessments will vary after the first year of instaliment
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Environmental impact

The environmental impact from renewable energy generation was examined relative to
conventional generation resources since renewable energy generation displaces the need for
some conventional generation. The potential benefits or avoided environmental costs can fall

into the following categories: air quality, greenhouse gas emissions, water quality, land usage,
fuel extraction, and waste generation.

Many studies have attempted to quantify, in economic terms, these environmental benefits, or
“externalities,” but reviews of such studies found results that differed by several orders of
magnitude.”” For this discussion, the impact is presented in relative terms only.

In general, an RPS will produce the following environmental benefits:

Displacement of carbon dioxide from new coal and natural gas generation can be
achieved because most renewable and energy efficiency measures are considered
either non-emitting or carbon-neutral.”® Some resources such as landfill gas and
anaerobic digesters may be able to receive additional credit for converting methane, a
higher impact greenhouse gas, to carbon dioxide. The annual displacement of carbon
dioxide, once a 5% or 10% RPS is achieved, could total 7.3 to 13.6 million tons per
year. This does not take into account methane combustion benefits. If greenhouse
gas regulations are ever enacted, this can help the State meet overall emission goals.

Potential displacement of pollutants related to air quality and health, such as
nitrogen oxides, sulfur dioxide, particulate matter, and mercury, is expected.
However, non-emitting resources, such as wind, hydro, solar, and energy efficiency,
will make a far larger contribution to such displacement than biomass-fired
generation, which does have some related emissions similar to new coal plants.
Likewise, nuclear generation also does not have associated air emissions.

Renewable generation facilities either do not produce waste or the waste
products are more benign than from coal and nuclear fuels. The ash byproducts
from biomass firing can be used as fertilizer or soil amendments in most cases
because there are minimal toxic chemicals in the ash. Likewise, treated waste
material from anaerobic digesters can also be used as fertilizer. Coal plants today
either landfill the toxic ash byproducts or the ash is used in cement production
processes. While nuclear facilities do not contribute any emissions to the air, the
largest unresolved issue associated with nuclear is the long-term management of
radioactive waste.

Renewable energy resources do not have significant environmental impact from
fuel extraction in contrast to the extraction impacts of coal, natural gas, and
nuclear fuel. Many of the renewable resource options presented either do not require

2 *Economic Impact Analysis of New Jersey's Proposed 20% Renewable Portfolio Standard,” Rutgers University, 2004

2 Most energy generation from biomass resources is assumed to be carbon neutral because plants reabsorb the carbon dioxide that is emitted
from biomass facilities over a relatively short-period of time
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fuels or utilize on-site waste products and, therefore, do not have related fuel
extraction issues. Collecting wood residue from logging operations will have some
environmental impact, but the incremental impact beyond that of a logging operation
itself is minor if conducted in a sustainable manner. On the other hand, the extraction
of conventional fuels (oil, coal, natural gas, and uranium) has substantial
environmental impact on the land itself, which often leads to habitat destruction and
contamination. Furthermore, the processing, transporting and storing of these fuels
can also cause major environmental damage. Since North Carolina does not have fuel

extraction activities, the impacts associated with fuel extraction occur outside of the
State.

8 Including energy efficiency programs will have no adverse impact on the
environment.  Since these programs reduce the need for electricity generation,
energy efficiency measures have the greatest positive environmental benefit relative
to any form of generation.

Portfolio Diversification Benefits

North Carolina electricity consumers rely on coal and nuclear power for more than 90% of their
electricity.29 The fuel costs of these sources have escalated in recent years, though not to the
degree of natural gas and 0il.>° Further, issues such as a potential future “carbon tax” or similar
regulation, as well as nuclear waste disposal costs, mean that a large part of the State’s resource
portfolio is subject to potentially substantial risk. Additionally, one benefit of renewable energy
resources is that they are more flexible than conventional power plants both in terms of size and
typical development and construction time frames, so less risk is placed on the success of a few,
large-sized projects. It is clear that the addition of new renewable resources and development of
energy efficiency programs would help to diversify the State’s resource mix and, as such, could
have beneficial effects over the long-term for customers.

What are some other key issues related to renewables development or an RPS in North
Carolina?

In addition to identifying the available renewable resources and estimating the various economic
and environmental impacts of various portfolio options, the La Capra Team was also engaged to
discuss briefly some key issues that are associated with the development of renewable energy in
North Carolina. The issues identified are:

s Current wholesale avoided cost’' levels are not sufficient to enable new
renewable resources to be financed. Current filed avoided costs are between 4 and

2 Coal and nuclear plants are baseload generation sources that provide 90% of the State’s electricity needs. "Annual Report of the North
Carolina Utilities Commission Regarding Long Range Needs for Expansion of Electric Generating Facilities for Service in North Carolina,”
NCUC, July 2005. <http:/iwww ncuc.net/reporis/ir2005 pdf>

3 Natural gas and oil are fossi fuels used for electric generation to greater degrees in many other parts of the country

31 Avoided cost' is defined in the Federal Public Utility Regulatory Policies Act of 1978 (PURPA) as "the cost to the electric utility of the electric
energy which, but for the purchase from such cogenerator or small power producer, such utility would generate or purchase from another
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6 cents per kWh (including capacity payments) for long-term contracts. In North
Carolina, avoided costs are calculated based on marginal power costs, which reflect
the weighted cost of generating electricity on the margin, and the capacity value
associated with new combustion turbines.

The current IRP Process compares resources on a busbar cost basis without
taking into account externality costs. This approach filters out higher-cost
resources such as renewable generation and energy cfficiency measures. If
externality costs are considered, then different resources might be selected.

= Conflicting interpretations of the Mountain Ridge Protection Act of 1983, often
referred to as the “Ridge Law,” add substantial uncertainty to large-scale wind
development in the western mountains. The Ridge Law™* states: “no . . . building,
structure or unit shall protrude at its uppermost point above the crest of the ridge by
more than 35 feet.” Protected mountain ridges are all mountain ridges whose
elevation exceeds 3,000 feet and whose elevation is 500 or more feet above an
adjacent valley floor. Exemptions to the Ridge Law include: Water, radio, telephone
or television towers or any equipment for the transmission of electricity or
communications or both. Structures of a relatively slender nature and minor vertical
projections of a parent building, including chimneys, flagpoles, flues, spires, steeples,
belfries, cupolas, antennas, poles, wires, or windmills are also exempt. In written
comments to the Tennessee Valley Authority, North Carolina Attorney General Roy
Cooper stated, in 2002, that the Ridge Law would prohibit construction of a wind
farm being proposed in the Tennessee mountains if the project were being proposed
in North Carolina just east of the proposed Tennessee site. (See Appendix D.)
However, to our knowledge, the Ridge Law’s precise applicability to wind turbines
has not been definitively resolved. Accordingly, there is uncertainty and confusion as

to whether this law would bar wind development along North Carolina’s windiest
ridgelines.

=  Development of large-scale wind and other remote renewable resources may
require major transmission/network upgrades to deliver the energy to
customers. If the scale of wind development that is reflected in the scenarios is
installed (500-2,800 MW), transmission upgrades are likely necessary in some areas
of the State. However, costs for such upgrades are site-specific and would have to be
considered relative to transmission upgrades needed for new conventional generation.
Other renewable generation is less likely to have as significant an impact on
transmission as wind due to the more remote location of wind projects.

source.” 16 U.S C §824a-3 The avoided cost is designed to produce no rate impact to customers and reflects the marginal cost of generating
electricity, but does not necessarily reflect the all-in cost of building baseload generation

32N C. Gen. Stat § 113A-205, et seq
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Conclusions

North Carolina should have sufficient renewable resources within the State to support
a 5% RPS, whether energy efficiency measures are included or not. A 5% RPS
would have a relatively small impact on retail electricity rates assuming lower cost
options are developed first through a competitive bid process. Adoption of a 5%
requirement would double the current level of renewable energy generation in the
State. At the same time, 1,100 additional jobs may be created, additional property tax
revenues may be earned by local governments, and about 1,000 MW of new baseload
generation”™ may be avoided. This translates to the potential avoidance of over
7 million tons of CO; per year if the displaced generation is coal-based. If instead, a
nuclear plant is avoided, there would be no carbon benefits since nuclear plants also
do not have associated carbon emissions.

= A more aggressive 10% RPS without including energy efficiency would require the
development of 900 - 2,300 MW of off-shore wind since other practical on-land
resources would already be developed. Presently, no off-shore wind projects have
been installed in the U.S. due to numerous permitting obstacles. If off-shore wind
projects do not become feasible during the forecast period, a 10% RPS would only be
achievable by including energy efficiency programs, larger hydro generation, and
development of wind in the western part of the State.

= Inclusion of energy efficiency for 25% of an RPS can dramatically reduce the cost.
The RPS portfolios (5% and 10% RPS) with energy efficiency are each estimated to
save about half a billion dollars in NPV over 20-years relative to the Utilities’
Portfolio. Essentially, the reduction of load of 1.25% or 2.5% by the end of the RPS
study period creates energy cost savings overall for the State. The inclusion of
energy efficiency measures in an RPS could create 1,500 to 2,700 additional jobs
relative to the Utilities’ Portfolio. However, if the State does proceed with the
development of an RPS, careful consideration should be given to whether an RPS or a

separate policy vehicle is the appropriate policy tool to promote energy efficiency
measures.

= Through a high-fuel cost sensitivity test for the 5% NCGP Criteria scenario, we found
that an RPS can help mitigate some risks related to high fuel prices, but even high
fuel costs would not offset all the added cost of the RPS scenario tested.

= The cost analyses in this Report assume that the Federal Production Tax Credit that
partially offsets the delivered cost of energy from many types of renewable projects
continues to be in effect throughout the study period. The incremental cost of an RPS
may be 40% higher than modeled if the Federal Production Tax Credit is not renewed
after five years. This tax credit has been in effect since the early 1990°s and has been
extended a number of times. The current law is set to expire again after 2007. So,

33 About 1,000 MW of baseload generation can be displaced by renewable generation, but in the 5% scenarios, 500 MW of natural gas
combined-cycle generation that operates as intermediate facilities would also be needed to make-up any potential shortfalls of capacity and

energy. In a sensitivity excluding co-firing, no additional combined-cycle generation is needed since additional biomass facilities provide the
state with its needed capacity
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attention to the status of proposed extensions of the law will be important if North
Carolina adopts an RPS.

= Additional nuclear plants are included in the future electricity portfolio in North
Carolina as proposed by Duke Energy. The uncertainty concerning project costs for
new nuclear plants will have a significant impact on an RPS assessment. Depending
on their actual cost, the addition of nuclear plants can either make an RPS appear to
be an attractive alternative for new generation or double the incremental cost of an
RPS. From past experience with nuclear plants, there would appear to be uncertainty
regarding present cost estimates for nuclear plant construction. Similarly, the cost of
new coal plants used in this analysis may also have related uncertainties, as evidenced
by recent increases to installation cost estimates in current utility coal plant proposals.

= Solar photovoltaic (PV) systems are not directly cost-competitive with most other
resources, including other new renewable technologies. However, a number of states
have decided to encourage the development of solar power by giving extra credit for
solar power in RPS implementations. If the State is interested in promoting solar
installations, crediting solar energy at a multiple of other renewable energy will not
change the overall cost of an RPS, while providing some additional job benefits.
Furthermore, solar PV may be able to provide other benefits, such as providing
distributed generation,”® summer peak shaving (see Appendix C), and emissions
reductions. Another alternative to promote solar is to dedicate a portion of an RPS
target to solar in the form of a set-aside as is being done in some states.

We tested the sensitivity of adding 112 MW of solar installations over the ten-year
study period. This would be equal to installations on 16,000 residential roofs
(32 MW) and 3,200 commercial/industrial roofs (80 MW).>>  To implement such
large-scale development, promoting solar PV manufacturing in the State would likely
be needed. This would provide additional manufacturing jobs that were not included
in the jobs analysis. Similar considerations may be provided to other technologies the
State may wish to promote, such as solar thermal heating and cooling.

s There are many ways to design an RPS. The scenarios presented in this Report
reflect a few key policy choices, but there are many additional RPS design and
implementation issues that would need to be addressed before an RPS can be
implemented. These issues include:

o Applicability: In principle, the costs for development of renewables should
be applied to as much of the State’s retail electric load as possible for
equitable cost sharing. However, several states have excluded municipal and
cooperative electric utilities and/or certain levels of industrial load from RPS
rules for a variety of reasons. Such exclusions, however, do create the

inequity of having only some ratepayers pay for an RPS which provides
benefits throughout the State.

¥ Distributed generation is the small-scale production of electricity at or near customers’ homes and businesses. It has the potential to improve
system reliabifity, reduce local distribution foading during peak moments, andfor avoid system upgrades in some cases

3 As a point of reference, 1,460 MW of new solar PV systems were installed worldwide during 2005
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o Balanced Supply and Demand: The pace of an RPS start and ramp-up
should be set so that sufficient resources can be reasonably developed, but in a
cost-effective manner. The ramp-up should also take into account existing
commitments to resource additions.

o Stability of Targets: The development of all electric energy resources is a
long-term undertaking. For an RPS to effectively encourage the development
of renewable energy facilities, the RPS requirements should provide a long-
term commitment that enables projects to obtain cost-effective financing. One
option is requiring long-term power purchase agreements while allowing
utilities full recovery of prudently incurred costs in a timely manner.

o Compliance and Alternative Compliance Payments: Appropriate
compliance requirements should be included to ensure that load serving
entities comply. At the same time, the law should be flexible enough for
LSEs to comply in a cost-effective manner, such as setting an effective cap on
costs with the use of alternative compliance payments (ACP). Additionally,
appropriate methods for calculating and attributing contributions from

renewable generation and energy efficiency measures would need to be
determined.

o Compatibility with Other State Policies: North Carolina has several policies
in place or under development that may need to be reviewed in conjunction
with an RPS, such as the Clean Smokestacks Act, EPA’s Clean Air Interstate
Rule, cap-and-trade programs, Carbon Policies, and the interaction of a
mandatory RPS with voluntary purchases under the NC GreenPower program.

© Beyond these major issues, there are a host of other details to be considered if
the State decides to adopt an RPS. While the full exposition of these is
beyond the scope of this Report, the La Capra Team notes that these topics
should include: the precise definition of and certification of resource
eligibility, the treatment of existing resources, geographic eligibility
(including constraints imposed by the U.S. Constitution’s Commerce Clause
on restrictions on out-of-state resources), the tracking of environmental
attributes of various generating supply for RPS compliance purposes, and
inclusion of sufficient flexibility mechanisms to minimize compliance costs
while not destabilizing the market. None of these issues are insurmountable,
even though they do require careful attention.
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1. Introduction

At its January 24, 2006 meeting, the Environmental Review Commission (ERC) of the North
Carolina General Assembly requested that the North Carolina Utilities Commission
(Commission) undertake a review of the potential costs and benefits of enacting a Renewable
Portfolio Standard (RPS) in North Carolina. The ERC directed the Commission to engage an
experienced consultant to perform the study under the Commission’s direction. Pursuant to an
RFP, the Commission retained a team of consultants consisting of GDS Associates, Inc.,
Sustainable Energy Advantage, LLC, and La Capra Associates, Inc. (the La Capra Team).

As noted in the Notices and Acknowledgments section above, this Report was prepared in
parallel with a constructive dialog with the State’s RPS Advisory Group, the members of which
are listed in Appendix A. The dialog included two group meetings, a number of group
conference calls and a series of individual telephone calls and e-mails. These discussions
provided the La Capra Team with a substantial amount of valuable input.

In this Report, the La Capra Team addresses four key questions to assist North Carolina policy
makers in considering whether to implement an RPS:

What amounts of new (additional) renewable resources and energy efficiency
measures are feasible in North Carolina?

= [fan RPS were implemented in North Carolina, what would be the impact on
electricity rates?

= What other potential benefits and costs, aside from rate impacts, might result
from an RPS?

s What other key issues must be considered relative to renewable energy
development or an RPS in North Carolina?

1.1 Whatls an RPS?

A Renewable Portfolio Standard (RPS) is a policy tool that sets a requirement for retail sellers of
electricity to provide a minimum portion of their electricity portfolio from renewable resources.*
The RPS requirements are typically denoted as a percentage of electricity sold to retail customers
and are achieved by phased-in increases in the target percentage over time. Some RPS
requirements include existing renewable generation and others focus primarily on new
(additional) generation. The standards are applied to companies selling electricity to retail
customers (often referred to as load serving entities (LSEs)), which may include investor-owned
utilities (IOUs) and public utilities (municipals and cooperatives), as well as any competitive
retail suppliers (if applicable).

% Renewable energy is often defined as electricity generated from renewable resources such as solar, wind, biomass, geothermal and water
However, in an RPS context, the fist of eligible resources can vary depending on particular state's definition
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While a Federal RPS has been considered by Congress, to date, all enacted RPSs have been
adopted at the state or local levels by state legislation or regulatory initiative. As a result, the
resources that are eligible for each RPS vary from state to state, reflecting each state’s
economically available resources and other economic, environmental, and political
considerations established through various combinations of legislative, regulatory, and
stakeholder processes. Over twenty states have now passed an RPS or similar requirement of
some form, with each state developing rules customized to its regulatory and market
environment. Most RPS targets are state-mandated “requirements” that have specific
consequences for non-compliance; a few are simply voluntary “goals.” In addition to resources
universally regarded as renewable, such as wind, geothermal, solar and biomass (sometimes with
fuel or emissions limitations), some states have included certain types of hydroelectric facilities
and alternatives such as energy efficiency, waste tires or waste-to-energy, fuel cells using non-
renewable fuels, cogeneration, and coal-mine methane as potential resource options. Of the
states with an RPS, four (Connecticut, Pennsylvania, Nevada, and Hawaii) have included energy
efﬁciency37 or demand-side management (DSM)*® measures as qualifying resources, either to
meet an RPS target in conjunction with other renewable energy or to meet a target created for a
separate tier or class of resources as part of the RPS.

Figure 1: States with Renewable Portfolio Standards
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The initial state RPS policies were adopted primarily in the context of state electricity
restructuring plans to address concerns that there would no longer be mechanisms to support
existing renewable facilities or to promote new renewable resources in the absence of centralized
planning once wholesale and/or retail competitive markets were established. In many states

% Energy efficiency is often defined as physical, long-lasting changes to buildings and equipment that result in decreased energy use while
maintaining the same or improved levels of energy services

38 Demand side management (DSM) encompasses both energy efficiency and other programs such as foad management, load shifting,
demand response, and other peak load reduction programs
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public benefits funds were also created either as alternatives or complements to RPS policies to
help promote renewables and energy efficiency during the restructuring process. However, in
recent years, regulated states, such as Wisconsin, Minnesota, Nevada, Hawaii, Arizona, and New
Mexico, have also passed RPS policies. Some of these states had started the restructuring

process and adopted an RPS, but subsequently decided against restructuring while retaining the
RPS as a desirable state policy.

1.2 General RPS Objectives

The debate over whether to adopt an RPS usually focuses on resolving the tension between a
group of key objectives and the expected or potential cost of achieving those objectives.

The states that have adopted an RPS have cited a number of reasons for doing so, including
providing local (in-state) economic development, promoting the development of environmentally
sustainable resources, reducing environmental impacts of electricity generation (including
emissions of various local and regional pollutants and/or greenhouse gases), diversifying the
state’s energy portfolio, and mitigating fuel and electricity price fluctuations. These objectives

may be of more or less importance to any particular state. These potential objectives are more
fully articulated as follows:

In-state economic benefits and economic development: Some states note that local
renewable energy resources will help promote increased economic development
relative to developing conventional resources. The primary reasons for this stem
from increased construction, operations and maintenance staff needed for the same
amount of energy generated and the use of locally-sourced fuels, such as biomass,
landfill gas, and animal waste. Additional economic benefits can be gained if
manufacturing facilities for renewable generation technologies are located in the state
or if construction materials and/or services for these more capital-intensive generators
are procured in-state.

=  Promote environmentally sustainable resources in a cost-effective manner:
States have adopted an RPS to encourage environmentally sustainable energy
resources. Through increased development of certain renewable energy technologies,
the costs and reliability of such technologies should improve. By setting targets,
allowing competition to dictate which projects get built, and providing flexibility in
meeting the targets, more cost-effective options, in theory, should be utilized first,
resulting in lesser cost impacts to ratepayers. If a state is interested in promoting
specific resources, especially those found within the state, design features
encouraging a subset of eligible technologies can be incorporated into an RPS.
Greater reliance on sustainable, indigenous resources is also cited as a way to

improve energy security and to recognize that strict cost analysis does not necessarily
include externality costs.

= Reduce emissions affecting the state: The ability of non-emitting renewable
generation to displace either new or existing fossil-fueled generation will help reduce

overall emissions in a state. The magnitude of this benefit would depend on the types
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of generation being displaced, whether existing or new, coal or nuclear. Additionally,
some states have cited climate change concerns as a driving rationale for establishing
an RPS, or have otherwise set policy to include non-emitting or carbon-neutral
generation such as renewable energy as a mitigation option.

Diversify energy portfolio: Establishing an RPS can also be a way of driving
diversity in a state’s energy generation portfolio, ensuring that resource plans
consider indirect costs/benefits available from renewable energy technologies. Some
states adopting RPSs have noted that evaluating resource options only on a projected
busbar cost basis leaves the portfolio vulnerable to major shifts in fuel costs,
environmental regulations, or geopolitical conditions. Furthermore, recent events
have caused energy prices to be highly volatile, and renewable generation can provide
a hedge against such volatility for a portion of the portfolio, as many renewable
energy options do not require a fuel input or have fuel costs that are relatively low. In
some cases, renewable generation, given current tax incentives and high fossil-fuel
costs, is more cost-effective today than some conventional generation.

Meet incremental energy needs: Some states have decided that new renewable
generation and energy efficiency should be part of a state’s resource mix to help meet
future load growth. Renewable energy projects can range from 1 kW to over
300 MW and can be added in relatively small increments as load grows. This
resource expansion can be attractive in comparison to relying on a single large facility
that may be over-sized to meet near-term growth. Reliance on smaller projects may
also provide distributed generation benefits®® relative to large utility-scale baseload
generation that can be 500 to 2,000 MW built at a single site.

Concerns related to implementing RPS policies often include:

Cost. Many parties are concerned that requiring a certain amount of renewable

energy would have too great an impact on electric rates, as renewable generation
often costs more than conventional generation.

Resource availability. The resource options in some states may be too limited. For
example, wind and biomass are often the most significant contributors to meeting an

RPS, but some states do not have sufficient amounts of economic wind and/or
biomass resources available.

Integrated resource planning can be a good alternative to an RPS. It can be
argued that if a state already selects resources through an integrated resource planning
(IRP) process, it is through that process that any preference for certain types of
resources can be taken into account. For example, if a state wishes to encourage
greater reliance on renewable resources, the preference can be explicitly factored into
the criteria in assessing resource options. An estimated cost of externalities such as
environmental costs and health-related costs can be factored into the IRP also.

» Distributed generation is the small-scale production of electricity at or near customers' homes and businesses. It has the potential to improve
system reliability, reduce local distribution loading during peak moments, and/or avoid system upgrades in some cases
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= Hesitance to mandate specific resource options. In some states that have not
adopted an RPS, customers have the ability to voluntarily support renewable
resources through “Green Power” programs. Instead of mandating customers’
options, allowing the voluntary market to operate can be seen as the best way to
gauge public support for renewable energy. In several states, the popularity and
success of such voluntary programs was critical to gauging support for later
establishing an RPS.

It is important to note that RPS design options are available to mitigate many of these concerns.
This Report will provide North Carolina policy makers with information to assist in their
decision about how to evaluate these competing concerns as they apply to the State.

1.3 Applicability to North Carolina

While North Carolina remains a regulated state with vertically-integrated utilities, exposure to
risks associated with changing environmental regulations and fuel supply market uncertainties
makes this a good time to consider the important policy directions embodied in an RPS. The
RPS objectives described above have to be weighed against the cost advantages of the State’s
potential expansion of its current portfolio of relatively low-cost coal and nuclear generation.

The State currently already has over 1,400 MW (excluding pumped storage capacity) of utility-
owned hydroelectric capacity (hydro) and about 600 MW of nonutility-owned renewable
generation capacity. Combined, the 2,000 MW of renewable generation capacity can meet
about 4%-5% of the State’s current energy needs.

Figure 2

Existing Renewable Generation Capacity in North Carolina
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In addition, North Carolina implemented a voluntary green energy program, administered by NC
GreenPower (NCGP),”® in 2003. The statewide program, designed to encourage the use of
renewable energy, offers customers the opportunity to choose a supply option by paying a
premium for grid-tied electricity generated by solar, wind, small hydro (10 megawatts or less),
and biomass resources. Nationally, average participation rates among utility green-pricing
programs have remained steady at just more than 1% of customers,”’ although the top
performing utility green pricing programs have achieved rates ranging from 4% to 15%.* Being
a fairly new program, NCGP has almost 8,000 subscribers totaling over 17,000 MWh per year.”
The State’s annual energy consumption is about 150,000,000 MWh, so the NCGP program thus

far has been able to provide 0.011% of the State’s energy needs through qualifying renewable
resources.

Even with the NC GreenPower program, there remain a number of barriers for larger-scale
renewable resource development in North Carolina:

= Existing average avoided cost™ rates (4 to 6 cents per kWh) for wholesale energy
including capacity paid to Qualifying Facilities under PURPA are insufficient for new
renewables to be built in the State. Avoided costs are calculated based on marginal
power costs, which reflect the weighted cost of generating electricity on the margin,
and the capacity cost associated with new combustion turbines. However, the
avoided cost calculation does not take into account the full cost of new baseload
generation. Furthermore, many of the existing non-utility owned generators’ long-
term contracts are expiring, and those projects are facing lower avoided cost rates for
the energy today, risking potential closure of the facilities. Others are considering
wheeling the energy into PJM and selling the energy out-of-state where wholesale

prices are higher and there is potential opportunity to participate in other states’ RPS
programs.

4 NC GreenPower is an independent, nonprofit organization created by state-government officials, electric utilities, nonprofit organizations,
consumers, renewable-energy advocates and other stakeholders. it began operation in October 2003 as the first statewide green-power
program in the United States North Carolina’s three investor-owned utilities - Progress Energy, Duke Energy and Dominion North Carolina
Power -- and many of the state's municipal utilities and electric cooperatives are participating in the NC GreenPower program

<hitp /lwww.ncgreenpower org>

4 Though the average rate is 1% customer parficipation, the actual "green energy” purchased may be much lower since customers often have
the option to purchase green credits for a portion of their consumption, not necessarily 100%

42*Green Power Marketing in the United States: A Status Report (Eighth Edition)", NREL, 2006
<http /www eere energy.govigreenpower/resources/pdfs/38994 pdf>

43 "Summer 2006 Newsletter,” NC Greenpower
<http./iwww ncgreenpower org/media/newsletters/2006/newsletter_summer2006 html?#update>

4 “Avoided cost’ is defined in the Federal Public Utility Regulatory Policies Act of 1978 (PURPA) as "the cost to the electric utility of the electric
energy which, but for the purchase from such cogenerator or small power producer, such utility would generate or purchase from another
source.” 16 U.S.C. § 824a-3. The avoided cost is designed to produce no rate impact to customers and reflects the marginal cost of generating
electricity, but does not necessarily reflect the all-in cost of building baseload generation
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Figure 3
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= Since North Carolina is primarily supplied by coal and nuclear energy (over 90%),*
the State has limited exposure to more volatile oil and gas prices, though both coal
and nuclear fuel prices have also increased significantly in the last few years. There
is little incentive to explore alternative fuel options that may be more costly as the
State currently benefits from having relatively low electricity rates, while, at the same

time, is in direct competition with surrounding states that also have relatively low
rates.

= The comparison of resources purely on a cost basis for IRP purposes filters out higher
cost options such as renewable energy in the initial screens. The State’s utilities’ IRP
process begins with a comparison of levelized busbar costs of a variety of generation
technologies/fuels where renewables invariably are filtered out in the initial steps as
having too high costs, since no other externality costs are taken into account.

Wind, a potentially inexpensive option for the State, has an added barrier to
development as a result of the Mountain Ridge Protection Act of 1983, otherwise
know as the “Ridge Law,” which limits development of tall structures along
ridgelines.  While the Ridge Law appears to exempt windmills, different
interpretations of the law raise questions as to whether the exemption pertains to wind
farms consisting of multiple, large-scale turbines. Until the Ridge Law is clarified,
some of the most cost-effective renewable resources may be stymied.

45 *Annual Report of the North Carolina Utilities Commission Regarding Long Range Needs for Expansion of Electric Generating Facilities for
Service in North Carolina,” NCUC, July 2005 <http //www.ncuc.net/reports/ir2005.pdf>
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2. RPS Scenarios

A number of steps were necessary to establish the framework of the analysis. The details of
these steps are discussed in Sections 2 to 4. These steps were:

= Establish different policy scenarios to investigate that include different RPS targets
and eligible resources.

= Estimate resource potential (renewable energy and energy efficiency) within the State
and costs associated with each type of resource.

= Develop renewable resource supply curves assuming most would not be utility-owned
facilities but would be contracted through long-term power purchase agreements
(PPAs). The expectation is that lower cost resources will be developed first.

= Estimate North Carolina’s future electric supply expansion needs based on the State’s
utilities’ filed Integrated Resource Plans (IRPs). This is called the Utilities” Portfolio.

= From the supply curves, determine the mix of resources (renewable, energy
efficiency, and conventional generation) that would fulfill each of the RPS scenarios,
while meeting future capacity and energy growth.

= Compare the costs of the Alternative RPS Portfolios with that of the Utilities’
Portfolio.

= Conduct similar comparisons for sensitivity tests.

The first step in the analysis was to develop RPS scenarios to test. Issues that were addressed in
designing appropriate scenarios included:

= The treatment of existing resources;

= The time frame to be covered by the study;

s The RPS target or targets to model; and

= The types of resources that should be included.

Based on consultation with the Advisory Group, six sets of RPS scenarios were agreed upon that
would offer different results for combinations of RPS targets and applicable resources.

Existing renewable resources would not be included in this study. While North Carolina
already has about 2,000 MW of renewable generation capacity that can meet 4%-5% of the
State’s current energy needs, the RPS targets discussed in this Report reflect new generation over
and above the existing base. Accordingly, this Report focuses on the development and costs of
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only new renewable resources that would be built after the future passage of an RPS, recognizing
that there is a base of existing renewables in North Carolina.*®

The analysis would cover a ten-year period 2008 to 2017. As agreed with the Advisory
Group, the RPS ramp-up period would fall within this time frame even though the benefits and

costs would extend past 2017. The use of this period allowed a good match with the current
utility IRP study period.

We acknowledge that the 2008-2017 study period is not likely to provide sufficient time for the
design and implementation of an RPS. However, the study period alignment with the 2006 IRP
time horizon was deemed more important in estimating the potential cost of an RPS. If an RPS is
actually implemented, the initial date will likely be later than 2008, but requirements in initial
years are generally low so the analysis results should not be significantly different.

The RPS targets modeled would achieve 5% and 10% of the State energy usage with new
renewable energy by 2017. Overall energy usage is forecasted to grow between 1.7% and 1.9%
per year during the RPS time frame. The first graph below provides a breakdown of energy
usage served by the State’s utilities as reported in their Annual Energy Plans and Integrated
Resource Plans. These numbers also assume that an RPS would apply to the whole of North
Carolina electricity sales to retail customers, including those being served by 10Us, municipals
and cooperatives, with the non-IOUs making up about 22% of the usage.

Figure 4

Forecasted North Carolina State Energy Usage
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% It is not the intention of the study to comment on whether existing renewables should be included in an RPS. Existing renewables are
permitted under the NC GreenPower (NCGP) program as long as the renewable resources qualify. These resources currently or previously
received QF contracts andfor NCGP contracts for their output  The analysis here does not attempt to include the cost of existing resources,
though if an RPS is implemented, consideration would need to be given to addressing the treatment of existing resources
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Two different RPS targets were used for developing new renewables estimates in the State:
(1) an increase of 0.5% per year reaching 5% in 2017 and (2) an increase of 1.0% per year
reaching 10% in 2017. These targets would offset part, but not all, of the State’s incremental
energy needs in the future.

As depicted in the graphs below, a 10% target would result in 18,000 GWh of new renewable
energy by 2017, while a 5% target would result in 9,000 GWh by 2017. Assuming an average
resource capacity factor of 75%, a 10% target translates to over 2,700 MW of new renewables
capacity in the State. The actual outcome will differ from 2,700 MW depending on the types of
resources that are incorporated into the portfolio.

Figure 5
Projected RPS Energy Requirements
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Three “Resource Group” scenarios were developed to encompass different limitations to
eligibility and development. The Resource Groups are listed in the matrix below.

Table 1: Resource Groups for Scenarios
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Included Resoufces Landfill Gés to Energy All the Resources Undef Allyth‘e Expénd’é’d ’

» Wood Residue®® NC GreenPower Plus... Resources Plus...
= Wood Waste » New Hydro with or = Energy Efficiency
= Animal Waste without Existing
= Agricultural Waste Impoundments (no
=  Small Hydro at Existing size limitation)
Impoundments *° » Incremental Hydro to
(<10 MW) Existing Capacity
= Solar PV = Wind (Entire State)

= Wind (Limited to
Eastern NC)

=« (Co-Firing with Wood
Residue Only

Resource Group I includes “NC GreenPower™ resources ONLY since the list has already been
agreed to through a rigorous stakeholder process. Resources that qualify for either the Mass
Market Product or the Large Customer Product’' are included. An additional limitation to
resources is wind on ridgelines. We understand that wind projects currently face a great deal of
uncertainty in the western part of North Carolina due to the Ridge Law (this issue is described in
detail in Section 3). Thus, in Resource Group I, there is a general assumption that no large-scale
wind projects are developed in western North Carolina. Co-firing in coal plants are also limited

to those that have implemented emissions controls per the Clean Smokestacks Act (see Section
3) and can burn wood residue only.”

In Resource Group 11, an expanded set of resources is included: hydro greater than 10 MW,
undeveloped hydro, incremental hydro at existing facilities, and wind located in western North
Carolina. The expanded list of resources allows us to test the cost impact of including additional
options outside of the NC GreenPower definition with current perceived development limitations
that may be addressed if an RPS is implemented.

47 *NC GreenPower Program Plan,” Advanced Energy, Nov. 2002
<http /lwww ncgreenpower org/elements/pdfs/NCGreenPowerProgramPlan pdf>

8 Wood residue is the portion of trees (branches, tops, efc ) left behind in forests as part of current forest harvesting activities

49 Small Hydro at Existing Impoundments refers to hydroelectric generation projects that are developed at sites with existing impoundments or
diverting structtires

50 “NC GreenPower Program Plan,” Advanced Energy, November 22, 2002
<http /incgreenpower org/elements/pdfs/NCGreenPowerProgramPlan pdf>

51 The large customer product aliows the inclusion of existing generators to “assist existing green power producers who have experienced
significant reductions in their ‘avoided cost’ payments from the utilities " However, for modeling incremental, new resources, we are not
including any existing resource base in our calculations, except for co-firing in existing coal plants

52 \We understand that the utilities are in the process of testing other biomass fuels, but this assumption is made for modeling purposes only
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Lastly, in Resource Group 111, we also test a set of scenarios that assume energy efficiency plays
a role in the RPS, helping to meet 25% of the requirement each year through energy efficiency
programs that would reduce overall energy consumption throughout the year. Since an RPS
typically addresses the energy needs of a state, programs such as load response, load shifting,
and load management are not included, as these programs are primarily capacity reducing
measures and do not necessarily contribute much energy reduction.
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3. Resource Supply Assessment

This Section of the report focuses on available resources in North Carolina and their potential for
development. (In Section 4, we summarize the assumed installed cost, operating costs, and fuel-
related costs for each resource.) In developing the supply assessment, we relied on several
sources of information, including those developed by various State entities and universities as
well as various U.S. agencies and research centers that have assessed renewable resource
potential for North Carolina.

The focus was on the following categories of resources, as these are more applicable to the State
and can be implemented at a fairly meaningful scale: (1) Landfill Gas; (2) Biomass (wood and
vegetation); (3) Biomass (animal waste); (4) Wind; (5) Hydro; and (6) Solar PV. The
technologies reviewed are those that are considered commercially available or utilize
conventional technologies. There are many emerging technologies that can also meet an RPS,
but the costs and performance of such technologies have not been fully tested, so are not
included as part of the cost analysis.

In this section, we discuss briefly North Carolina’s current renewables status, their
characteristics, and the potential of each resource. We distinguish technical potential from
practical potential; by this we mean that even though there may be an abundance of a certain
resource (such as wind), after taking into account practical considerations, the potential may be
somewhat limited. This estimate includes both eastern and western on-shore wind, but does not
include any off-shore wind potential. In theory, the potential for off-shore wind can be much
larger than that of on-shore wind, but it is difficult to provide a useful off-shore estimate given
that no such projects have been permitted and installed in the U.S. thus far. Similarly, the solar
photovoltaic (PV) potential in the State was also not estimated because it is not limited by
technical or practical considerations but rather by current levels of installed costs. Below is a
summary of the resources examined and the range of their technical and practical potential.

Table 2: New Renewable Resources Potential

Landfill Gas 240 150 1000
Biomass (Wood and Ag. Crops Waste) 1,976-2,567 953-1,239 7500-8100

Co-Firing* 1,875 384 2500
Poultry Litter 175 105 800
Hog Waste 116 93 600
Wind (on-shore) ** 9,600 500-1,500 1300-3900
Wind (off-shore) N/A N/A N/A
Hydro*** 508 66-425 300-1700
Solar PV N/A N/A N/A
Total In-State Potential 12,615-13,206 1,867-3,512 | 11,500-16,100

*Co-firing is a subset of the Biomass assessment,
** Depends on whether western wind is included or not.
**% Depencs on whether hydro larger than 10 MW is included
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3.1 Landfill Gas

Under the NC GreenPower program, landfill methane projects qualify as a renewable resource.
The methane production at waste landfill sites can be a valuable fuel for either direct thermal
applications or for electricity generation. North Carolina is part of the EPA’s Landfill Methane

Outreach Program (LMOP) and is actively promoting the development of landfill gas-to-energy
(LGTE) projects.

By way of background, seventeen LGTE projects are currently operating in North Carolina and
several more are under consideration. Some of these projects are operating at closed sites while
other sites continue to accept waste. North Carolina has six landfill gas projects that are
generating electricity, totaling over 15 MW of capacity. Additionally, eleven other landfill
projects currently consume the landfill gas directly for thermal applications.

The State has a number of closed landfill sites. All municipal solid waste landfills operating in
North Carolina after January 1, 1998 were required to be lined and, thus, all unlined landfills
were closed by 1998. With the closure of unlined landfills located in almost every county, North
Carolina has a number of landfills with the potential to support LGTE projects. However, for
our modeling purposes, the closure date (1998) and the start of the RPS (2008) is a decade apart,
so we assume that these sites would be less likely to support long-term electricity generation as
the methane production from closed sites normally drops significantly after the first five to ten
years of closure and continues to decline over time. These closed sites may be able to provide
some methane for other applications as the State actively seeks consumers for the gas output.

On the other hand, North Carolina has approximately 34 out of a total of 40 operating lined
landfills that can be characterized as “large” facilities which could support LGTE projects now
or in the future. Most of the permitted, lined landfills in North Carolina will be subject to the
New Source Performance Standards (NSPS) requirements, where, due to their anticipated size
and emissions production, emissions gathering and control equipment would be required at some
time in the future. Several are in the process of installing the requisite controls now. This
requirement means that a gas collection infrastructure will likely be put in-place at sites that

reach the EPA threshold size under NSPS and provide readily available methane for electricity
generation in the future.

To estimate the electric generation potential at landfill gas sites, the EPA uses a methodology
that applies a conversion factor to “total waste-in-place” to derive a total electric generation
potential at both closed and open sites in North Carolina of around 60-70 MW total.”> We find
this methodology may underestimate the generation potential of some sites, particularly those

that are newer and designed with much larger capacities than the current levels of “waste-in-
place.”

Since we are providing estimates for the 2008-2017 timeframe, we opted to approximate the
potential based on the current annual waste acceptance rate at existing sites as reported by the
North Carolina Division of Waste Management and the projected life of the sites based on their

53 “A Primer on Developing North Caroling's Landfill Gas Utilization Potential," EPA, 2001 <hitp://lwww epa.gov/imop/>
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design capacity. EPA’s Landfill Gas Emissions Model (LandGEM 3.02)°" was used to estimate
average methane production. This method estimates a maximum of 200 MW of potential over
time from existing open sites that do not have electricity generation in-place yet. Additionally, if
EPA’s estimate of potential at closed landfill sites and existing electricity generation sites are
included, there may be another 40 MW of potential, totaling 240 MW. For our modeling
purposes, we assume 30 sites are prime for development in the future with an average capacity of
5 MW per site, based on average methane production levels over the life of a project and an 80%
capacity factor, recognizing that methane production peaks and then gradually declines over
time. The practical potential would be 150 MW total. Furthermore, for the cost analysis, we
assume that the first sites to be developed will be those that have installed gas collection systems
to comply with NSPS standards and, thus, would not incur costs for developing a gas collection

system. Additionally, fixed costs include a portion allocated for lease or off-take payments to
landfill owners.

3.2 Biomass

Under the NC GreenPower program, qualifying wood resources are defined by the following
statement:

The following guidelines have been developed for the types of wood waste that
will be allowed for NCGP qualification: tree trimmings, mill residues (bark,
sawdust and fines from primary processing facilities); segregated construction
and demolition wood (excluding painted, treated, glued, pressurized wood or any
wood contaminated with plastics or metals); clean wood waste from
manufactured home plants, pallet recycling facilities, furniture manufacturers,
Sfinished building products and other similar industries; wood from land clearing
that would otherwise end up in landfills; and wood bedding material removed
Sfrom poultry brooder houses. Wood “chips” derived from processing whole trees
within forested land will not be allowed as qualifying wood waste.

According to this definition, wood residue and wood waste qualify, but wood chips from the
harvesting of whole trees for the primary purpose of energy generation is not permitted. The
State’s total practical biomass potential (not including landfill gas, poultry litter or hog waste)
can supply up to 950 MW of new greenfield capacity or up to 1,240 MW of co-firing capacity.55

Wood Residue

Several studies have estimated the State’s wood residue potential. We relied primarily on the
USDA Forest Service Forest Inventory and Analysis (FIA) Timber Product Output (TPO) reports

5 The LandGEM model estimates a gas production profile going forward as a site continues to accept waste In this case, the life of a landfill
gas electric generation project is projected to be 20 years. In actuality, the output of landfills normally declines over time after a landfill has
been closed However, for modeling purposes, we chose to model the landfill gas output as an annual average over the life of the project
<http:/lwww epa.govitin/catc/dir 1/landgem-v302 xls>

%5 Co-firing capacity will be higher than greenfield capacity due to the lower capacity factor of coal plants compared to new greenfield projects
In other words, less fuel is consumed for each MW of co-firing capacity relative to a greenfield site
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by county. The amounts of products delivered to mills are multiplied by ratios of utilization
(developed by the FI1A for each state, species group, and size category) to estimate the volume of
logging residue left in the woods. This does not include the cull and sapling trees left in the
woods and never delivered to a mill. Wood residues from logging operations are assumed to
result from historical levels of annual wood harvesting for North Carolina’s pulp and paper and
timber industries. This methodology provides an estimate of the annual average rate of wood
residue generation that can potentially supply energy facilities. This does not take into account
potential changes in wood residue generation if the State’s forest industries decrease or increase
production or if there is a change in forest management practices in the future.

A study published by the North Carolina Solar Center (NCSC) in 2005°° used an Oak Ridge
National Laboratory (ORNL) database, updated with county-specific data, to estimate the
potential of wood residue at various price points for each county. However, to our
understanding,”’ the data do not make an assessment based on the rate of generation per year, but
rather the available wood in-place, so the results from the NCSC study may tend to overestimate
the State’s sustainable woody biomass potential.

Using the county-by-county data from the TPO,”® we developed two cost blocks based on the
wood concentration in counties. We assumed that biomass facilities would locate in counties
with higher wood concentration first and thus pay less to transport the fuel to the plant. The
second cost block assumes the counties with less wood density would need to export their fuel
across a longer distance as facilities would not locate there first and a larger transportation radius
would be needed to source the required amount of biomass from less concentrated counties. The
radii of transportation assumed were 25 miles for the first cost block and 50 miles for the second.
The assumed cost blocks, or marginal costs, of $40 per dry ton and $50 per dry ton include
payments to landowners, collecting, hauling, transporting, and unloading. These costs translate
to about $2.35/mmbtu and $2.95/mmbtu, respectively, assuming a heat rate of 8,500 btu/dry Ib.
As a point of reference, today’s biomass fuel delivered costs range between $1.50/mmbtu to
$2.00/mmbtu since the price facility operators are willing to pay for delivered biomass are
constrained by the current price of electricity paid to biomass generators.

Also, new generating facilities should be sited in locations where there is not much overlap of
delivery radii or competition for supply to ensure costs are not driven up. This is a potential risk
for the price of biomass fuels, as evidenced by PURPA-era biomass plants in some states.””
Without expanding the supply infrastructure, increasing use will increase prices; but the studies
indicate sufficient biomass fuel availability in North Carolina if a robust harvesting and
distribution infrastructure is put in place, which can enable sustainable usage of greater volumes
without creating shortages.

5 "Use of Agricultural and Forest Waste as a Distributed Generation Power Resource in North Carolina,” NC Solar Center. 2005
<http:/iwww ncsc nesu.edufresearch/documents/technical_papers/Final_Report_5-22809 rev2 pdf >

57 Based on discussions with Christopher Hopkins, PhD candidate, NCSU, Dept of Forestry, in August/September of 2006
%8 Data is reported in green tons, a 50% moisture content is assumed to derive dry tons calculation

5 Morris, G. "Biomass Energy Production in California 2002. Update of the California Biomass Database”, NREL, 2002
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Figure 6

Wood Residue by County, North Carolina
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Urban Wood Waste

Urban wood waste, which qualifies for the NC GreenPower program, primarily refers to
construction, demolition, and renovation waste (C&D waste), but excludes municipal solid waste
(MSW) as this may be contaminated and cause added emissions. Much of this waste currently
ends up in landfills. The NCSC study included an estimate of clean C&D waste (about 0.9
million tons per year) that is unused® presently. The reason that C&D waste is a cost-effective
resource is that there is typically a tipping charge (about $25-$30 per ton) associated with the
material, so the waste has minimal costs relative to wood residue, except for the cost of
separation and transportation. In this assessment, it is assumed that C&D waste is essentially
free at the pick-up point and the only cost incurred is delivery within a 50 mile radius ($14/dry
ton).m It is also assumed that C&D waste can be consumed in fluidized bed, gasification
systems, and in conventional stoker technology® fitted with emissions controls. A blending of
up to 20% is assumed because there is limited availability and distribution of this resource, so it
is unlikely to be the primary feedstock for a biomass plant.

8 “Unused" implies that the C&D waste does not have a secondary application and/or is not recycled
8 This assumes 15% moisture content of C&D waste.

82 The Craven County biomass plant, which is a stoker technology, can consume mixed fuels, including chicken fitter, railroad ties, and wood
residue, but the operator indicates that the fuels are relatively dry before being burned
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Corn Stover and Wheat Straw

As part of the study by ORNL for the NCSC, an assessment of corn stover” and wheat straw®
potential from agricultural operations was also included. There are a total of about 960,000 tons
of economically available corn stover and 60,000 tons of wheat straw estimated in the State.
These fuels combined can likely fuel about 150 MW of new biomass capacity. However, low
concentration of supply by county, which increases cost of collecting, requires the resource to be
mixed with other feedstock for power generation. In our analysis, we assume these resources

can be a supplemental feedstock to new biomass facilities utilizing gasification, fluidized bed, or
stoker technologies.

One point to note is that corn stover and wheat straw are located primarily in the eastern half of
the State and will likely contribute to generation in this region only.

Table 3: Biomass Resource Potential Summary

Softwood 854,782 | 1,039,523 8,500 | 32,203,200 408 314
Hardwood 793,108 | 1,267,955 8,500 | 35,038,076 444 342
Urban Clean
Wood Waste 897,785 0 8,500 | 15,262,345 194 149
Corn Stover 600,239 363,255 7,400 | 14,259,711 181 139
Wheat Straw 5,644 54,769 7,800 942,443 12 9
Total Potential 1,239 953
Pulpwood 4,779,566 8,500 | 81,252,627 1,031 793
MSW Wood
Waste 836,779 8,500 | 14,225,243 180 139
Switchgrass 263,132 8,000 | 4,210,112 53 41
Hybrid ‘
Poplar 302,909 8,500 | 5,149,453 65 50
Additional Potential (Not Included in Practical Potential) 1,330 1,023

8 Corn stover refers to the unused portion of a corn plant, including the cob, stalk, and leaves, but excluding the grain
8 Wheat straw refers to the unused portion of a wheat plant, including the husk, stalk, and leaves, but excluding the grain
85 Cost Block 1 refers to potential at an assumed cost of $2 35/mmbtu (2006$) delivered.

8 Cost Block 2 refers to additional potential at an assumed cost of $2.95/mmbtu (2006%) delivered
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Additional Fuels Not Included

The table above shows additional fuel options in North Carolina that are not included as part of
the practical potential in the State for a variety of reasons. However, these fuels may serve as
potential options for the State if the price or eligibility rules allow their use.

Pulpwood is a common input to the pulp and paper industry, and most of the pulpwood
generated in the State is currently being consumed by the industry, some of which is used in
cogeneration facilities in the State already. If there is direct competition with the pulp and paper
industry for this material, it would likely drive the price up, which makes pulpwood a less

competitive fuel option in the near term, unless there is a decline in the pulp and paper industry
in the future.

Municipal solid wood waste is considered to be less clean than C&D waste because of potential
toxic contaminants in the wood which may cause increased emissions output. It is often

excluded from RPS eligible resources. Additionally, separation from other municipal solid waste
material may increase costs.

Switchgrass and hybrid poplar are two energy crop options that may also serve as fuel inputs, but

the costs for these fuels are higher due to the low density of distribution and higher harvesting
costs.

Generating Technologies

Though the resources listed above adhere to the NCGP list of allowable resources, the current
NCGP rules are silent with regards to the electricity conversion technologies allowed. For
modeling purposes, we assume that co-firing, stoker, fluidized-bed, and gasification technologies
all can consume the above biomass resources. However, this analysis does not imply that the
NCGP program would accept all the technologies described above for its green power products,
as that is evaluated on a case-by-case basis. Also, many existing biomass-fired generation
facilities in North Carolina historically were built with the purpose of providing thermal/steam
heating to a co-located industrial customer in a combined heat and power (CHP) arrangement.
This type of structure helps reduce costs and improves fuel utilization efficiency. However, this
study does not include the CHP potential for the State because such an assessment would require
site-by-site evaluation of potential load.

From an environmental standpoint, combustion of biomass leads to many of the same kinds of
emissions as the combustion of fossil fuels, including criteria air pollutants, greenhouse gases,
and solid wastes (ash). Air emissions and water consumption are usually the principal sources of
environmental concern related to biomass facilities. Greenhouse gases are less of an issue
because biomass, if harvested in a “sustainable” manner, is assumed to be carbon-neutral. Like
conventional generation, biomass power plants are also required to achieve stringent emissions
control levels for the pollutants, which are usually controlled by using advanced combustion
technologies, often including fluidized-bed combustors, staged-combustion, and flue-gas
recirculation. Some of the newest biomass power facilities are required to use ammonia
injection to further control NOy emissions. Sulfur dioxide emissions generally are not a major
concern with biomass combustion because biomass, especially woody forms of biomass, has
very low sulfur content. Some facilities that have fluidized-bed combustors inject limestone to
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capture sulfur, but no biomass facilities are required to have flue-gas scrubbers to control SO,
emissions.

Particulates are controlled using a variety of technologies. Virtually all biomass power plants use
cyclones to remove most large particulates from the flue gas. Most biomass facilities are
equipped with electrostatic precipitators for final particulate removal; some facilities use
baghouses. Most modern biomass power plants are required to achieve zero visible emissions to
meet environmental permit conditions. Their emissions of total and sub-micron particulates are
also regulated and controlled to stringent levels, comparable to or better than the emissions levels
achieved by conventional fossil fuel plants.

Co-Firing in Coal Plants

North Carolina has over 12,500 MW of in-state coal-fired generation capacity. The State’s
utilities have explored the possibility of co-firing biomass in their coal plants to varying degrees.

In general, co-firing can be achieved through either blending the biomass fuel with coal, or
retrofitting existing boilers to allow them to burn a greater amount of biomass. Generally,
blending should be achievable in all the coal plants in the State at a level of up to 3%-5% of the
rated capacity. Some limited capital investment for blended feed systems may be required. On
the other hand, if a coal plant chooses to retrofit, it should be able to co-fire to a level up to 10%-
20%. However, a retrofit requires a more substantial capital investment, making modifications
or additions to the fuel handling, storage, and feed systems, depending on the specifics of the
existing coal facility and type of biomass to be used. Furthermore, facilities that will invest or
have invested in selective (SCR) or non-selective catalytic reduction (NSCR) systems may not
want to risk the effectiveness of the control equipment by co-firing. While the potential of alkali
interference with the effectiveness of catalytic reduction systems designed to control for nitrogen
oxides in coal plants has not been definitively confirmed,”” it has been found that some biomass
fuels do have higher alkali levels than coal.

For modeling purposes, the assumed technical potential can be up to 15% of all existing coal
capacity, but the practical potential will be limited by the availability of economical resources
within 50 miles of a coal plant and other emissions controls limitations. However, we also make
the assumption that coal plants that intend to retrofit with emissions controls (scrubbers or NOy
control equipment) under the North Carolina Clean Smokestacks Act (see discussion in
Section 7) are less likely to face environmental permitting issues and other potential objections
related to life extension of plants when seeking to co-fire biomass.

The map below divides the biomass co-firing regions into five zones, with most of the coal
plants in North Carolina located in Zones A and B. It is assumed that the 4,030 MW of coal
plants in Zone A and 3,544 MW in Zone B, which have installed or plan to install SCR/SNCR
control systems, are less likely to retrofit for co-firing due to the risk of interfering with the
emissions control systems. In Zone A, therefore, only plants without SCR/SNCR are assumed to
retrofit for 15% co-firing. Because there are so many coal plants in Zone B, not all coal plants in
this zone can co-fire and still have access to economical fuel supply. In fact, there is only

67 "The Potential for Biomass Cofiring in Maryland,” Maryland Department of Natural Resources, March 2006
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enough biomass to supply up to 5% of some of the coal plants’ capacity in Zone B, which means
only blending makes economic sense for these coal plants.

Using the Clean Smokestacks Act limitation, one coal plant in Zone D and one in E can also
retrofit up to 15% of its capacity for co-firing, since there should be sufficient biomass resources
in that zone to meet this requirement. However, coal plants in Zone C are not included in the
assessment because they do not have to comply with the Clean Smokestacks Act.

It is important to note here that the exclusion of certain coal plants that do not have 1o comply
with the Clean Smokestacks Act does not preclude the retrofit of these facilities to consume

biomass if an RPS is, in fact, enacted. Appropriate environmental permitting standards would
be required.

Finally, we also assume that co-firing biomass in coal plants will not contribute incremental
energy or capacity to the State’s energy needs. This means existing coal plants do not expand
their rated capacities nor would they increase energy production from historical levels, which
may otherwise increase emissions output. With these assumptions, the primary benefil of co-
firing is the displacement of coal fuel and the availability of emissions allowances for sale or use
in other plants which will go to reduce the cost of this option.

Figure 7

Wood Residue and Co-firing Zones, North Carolina
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A 4,602 571 9 107 | Retrofit 86 MW

B 6,443 2,899 145 435 61 121 | Blending 182 MW
C 0 0 0 0 91 39 | None

D 328 328 16 49 0 57 | Retrofit 49 MW

E 447 447 22 67 46 22 | Retrofit 67 MW

Stoker Boiler

Most existing biomass plants in the nation
use stoker boiler technology. Craven
County Biomass, a 50 MW biomass plant
in North Carolina built in 1990, is an
example of stoker technology. A stoker
boiler uses a direct combustion process;
direct combustion involves the oxidation
of biomass with excess air, producing flue
gases which produce steam in the heat
exchange of the boilers. The term stoker
refers to a relatively simple, proven boiler
technology in which biomass material is
combusted on or over a traveling stoker
grate.

The Craven County Wood Energy (CCWE) is a 50 MW
biomass plant that utilizes stoker technology located in
New Bern, NC. The plant historically has used a diverse
mix of fuels including: wood processing waste, such as
chips from logging residuals, bark and sawdust from pulp
and sawmills, railroad ties, poultry litter and wood waste
from area landfills as fuel. The plant utilizes over
500,000 tons of waste products per year to generate
approximately 400,000 MWh of power. The process
annually generates 13,000 tons of fly ash and 2,000 tons
of bottom ash. Previously, these landfilled ash by-
products represented 13 percent of the total soiid waste
generated annually in Craven County. In 1993, the plant
began delivering fly ash to area farmers as a soil
amendment; the bottom ash is used as daily landfill
cover by the local landfill.

Photo of Craven County Wood Energy

Some technical advances have been made with this technology in terms of improved efficiency.
Generally, emissions rates are higher for stoker boilers than fluidized bed, though plants can be

8 Only coal units that intend to retrofit with emissions equipment under North Carolina’s Clean Smokestacks Act are included. Of these, 4,030
MW in Zone A and 3,544 MW in Zone C have installed or plan to instalt SCRISNCR controls for NOx.
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fitted with emissions control. It is assumed that new stoker boilers are fitted with the best

available control technologies (BACT) to achieve lower emissions in the modeling of these
plants.

Fluidized Bed

The next generation of biomass plants is expected to be primarily fluidized bed technology,
which is common in coal plants. Fluidized bed technologies also use a direct combustion
process. However, in the fluidized bed boiler, the biomass is injected into the bottom of a hot
sand bed below the furnace. The biomass is then raised through the sand bed and combusted.

This combustion process results in the heat rising to the furnace and subsequent production of
steam.

The fluidized bed technology generally results in higher combustion efficiency than stoker
plants, particularly for biomass fuel that has high moisture contents. It is suitable also for a
wider variety of biomass fuels (including those with relatively low btu content) than stokers, as
the fluidized bed allows for a more complete and uniform combustion process. Emissions rates
are also generally lower than for those of stoker boilers without emissions controls.

Gasification

Gasification is a developing technology that converts solid fuels (biomass or coal) to gas for
power generation. If cost and some technological issues are overcome, it promises to be a

relatively attractive biomass technology. There are several demonstration projects in the country
utilizing gasification technology.

Gasification is a two step process. First, biomass material is gasified to produce so called
“producer gases.” Then, the producer gas is used as an input to any gas-fired electric generators.
There are several different types of gasifier technologies, which differ based on the direction of
flow of the fuel and air streams, but the generation technology is conventional. Gasification can
feed simple cycle, combined cycle, or steam turbines, though most utility-scale applications
would likely utilize a combined cycle configuration.

Gasification offers several advantages to direct combustion technology. It allows a wider
variety of fuels to be used, generally results in fewer emissions, and is expected to have higher

efficiencies than direct combustion technologies. It also offers the potential to be used or
blended with natural gas.

However, because of the need for additional gasifying equipment, the technology currently has
higher capital costs than direct combustion technologies; with more widespread development,
this has the potential to decline. In addition, biomass fuel with high moisture content may
present some challenges for gasification, and some gasification technologies still need to resolve
issues presented with gas clean-up and residual contaminants.
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3.3 Animal Waste

North Carolina is a leading U.S. producer of both hogs and poultry. According to 2004 national
agriculture statistics,” North Carolina ranks second in hog and pig production (behind lowa)
with approximately 10 million animals. North Carolina swine production represents just over 16
percent of the total U.S. production. The State’s poultry industry ranks second and fourth
nationally, in turkey and broiler production, respectively. In 2004, North Carolina farms raised
39 million turkeys (approximately 15 percent of the total U.S. production) while chicken

operations produced over 700 million broilers (approximately 9 percent of the total U.S.
production).

Increasingly, theses industries are facing more stringent environmental regulations related to
treatment and disposal of animal waste, more commonly referred to as “nutrient management.”
In particular, large animal operations are facing increasing federal, State, and local regulations as
well as siting restrictions related to odor, nutrient management and surface and ground water

contamination. For example, no new lagoons are allowed to be built in North Carolina for hog
operations.

In 2000, North Carolina and one of the major hog producing companies, Smithfield Foods,
entered into agreements to fund research and development of environmentally superior waste
management technologies for use on North Carolina swine farms. Over $17 million was
provided by Smithfield, the State and others to fund the effort. To date, the Smithfield
project included eight different methods in its Phase 1 technology evaluation for nutrient
management; two methods explicitly utilized anaerobic digesters to convert the waste to methane
for electricity conversion. One of the anaerobic projects is located at Barham Farms.

The agreements define an environmentally superior technology as:

[A]ny technology, or combination of technologies that (1) is permittable by the
appropriate  governmental —authority;, (2) is determined to be technically,
operationally and economically feasible for an identified category or categories of

farms as described in the agreements;, and (3) meets the following performance
standards:

1. Eliminates the discharge of animal waste to surface walters and groundwater
through direct discharge, seepage or runoff;

2. Substantially eliminates atmospheric emissions of ammonia;

3. Substantially eliminates the emission of odor that is detectable beyond the
boundaries of the parcel or tract of land on which the swine farm is located;

4. Substantially eliminates the release of disease-transmitting vectors and airborne

pathogens, and

Substantially eliminates nutrient and heavy metal contamination of soil and

groundwater.

n

89 "How North Carolina Agriculture Compares with Other States — 2004 Production,” NC Department of Agriculture and Consumer Services,
May 2, 2005 <http:/lwww.ncagr com/statsinc_rank/ncrallyr htm>
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Poultry litter,”® historically used as a substitute to fertilizer, presents a somewhat different issue.
There has been increasing concern that over-fertilizing with poultry manure may result in both
groundwater and surface water problems as excess nutrients wash off or are leeched into
groundwater supplies.

Figure 8

Poultry Litter Production by County and
Locations of Swine Operations, North Carolina
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Hog Waste and Anaerobic Digesters

Over the past two years, the number of digesters has more than doubled across the U.S. due to a
diverse array of national, state, and local activities. The majority of commercially operating
digester systems for treatment and disposal of hog waste fall into two categories: ambient
temperature covered lagoons and mesophilic temperature covered lagoons.

In determining statewide potential, we considered only operations similar or greater in size and
production capacity to the Barham facility (described below) in order to generate sufficient
methane for electricity production. According to the 2004 North Carolina agriculture statistics,

7 Poultry litter consists of a combination of poultry manure and bedding material
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there are 620 hog operations in North Carolina with over 5,000 heads per site, totaling about
7.5 million. The average operation is estimated to consist of about 12,000 heads, which can
produce methane in the range of about 10,000 mmbtu/year’' to 18,000 mmbtu/year.’?

Aerial view of Barham Farm

EPA’s AgStar program conducted a study to assess the biogas opportunities for North Carolina
with the assumption that farms with greater than 2,000 swine can provide methane for electricity
generation. That program identified 1,179 total feasible operations with 9,358,000 heads of

The Barham Farms ambient anaerobic digester
was one of the systems evaluated during the
Smithfield project. The 4,000 head farrow-to-wean
operation located near Zebulon, North Carolina
originally combined an ambient temperature
anaerobic digester with an engine generator to
convert the methane produced into electricity. The
ambient digester consists of an impermeable cover
over an in-ground digester. Waste is moved from
the houses in which pigs are kept to the in-ground
digester. Methane gas that is produced during the
digestive process is extracted and delivered to a
generator, where electricity is produced for use on
the farm. Heat from the generator is captured and
used to produce hot water that is used by the farm
in its production activities. Effluent from the
digester flows into a second-stage lagoon that was
the primary lagoon before the digester was built.
Today, the nutrients in the effluent from the
second-stage lagoon are used to fertilize plant and
vegetable species in a greenhouse adjacent to the
swine production facility, but electric generation
has been discontinued.

mature swine. The study estimated 11.5
billion cubic feet per year of methane
production (1.3 mmbtu/head/year) and
766,000 MWh/year of electricity
generation. This would be equivalent to
about 116 MW of electric generation
capacity at a 75% capacity factor.

Taking the median of the wide range of
methane production potential, we assume
an annual net methane production for a
12,000 head operation to be about 14,000
mmbtu per year, which can power a 150
kilowatt (kW) internal combustion engine
generator at 75% capacity factor with a
heat rate of 14,000 btu/kWh. For
modeling purposes, we assume a typical
generator capacity of 150 kW per location,
which  would provide a maximum
potential (at operations greater than 5,000

heads) of about 93 MW of electric power generation statewide. The actual size of generators
would have to be sized appropriately for the farm size, average animal size, and anticipated
methane production. Furthermore, farmers are able to reduce their own retail electricity costs by

& Assuming 2,300 btu/head/day net methane “"Methane Fuel Gas from Livestock Wastes: A Summary,” Professor James C. Barker, NCSU,
March 14, 2001. <http /lwww bae ncsu edu/programs/extension/publicatiwqwm/ebae071_80.himf>

"2 From Smithfield project estimate of daily average methane production of 3 57 cubic feet/lb of volatile solid, 1.11b of VS/day/head, and

1,066 btu/cubic foot methane conversion
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consuming the electricity generated on-site or participate in net-metering if the generators are
sized below 100 kW. Owners of multiple farms may also consider aggregating sites that are in

close proximity to one another to take advantage of scale economies, but transport costs would
have to be taken into account.

The Smithfield project does note the benefits to hog operations for installing an anaerobic
digester include more than electricity generation, such as having an effective method of treating
and disposing of the waste from farming operations and having usable byproducts of heat and
fertilizer. Unfortunately, the other economic benefits of such a system to farm operations are
difficult to quantify at this time and, thus, not captured in our analysis. Also, the cost per unit of

energy may be significantly reduced if the digester system produced more methane than
estimated.

Poultry Litter

As discussed before, poultry litter is commonly
used as a fertilizer substitute and soil amendment,
but it poses somewhat of a different problem than
hog waste. There is concern that over-fertilizing
with poultry manure may result in both
groundwater and surface water problems as
excess nutrients wash off or are leeched into
groundwater supplies. The State is exploring
alternative outlets for the material in the form of a
fuel input to energy generation,” similar to
Fibrowatt plants being developed in other parts of

Fibrowatt LLC, an affiliate of a United

Kingdom company, Fibrowatt Ltd, is
exploring the possibility of developing
several generation projects in North

Carolina that would consume chicken litter
as its primary fuel input. The company is in

. the process of constructing the first U.S.

poultry litter fueled power plant in
Minnesota, which is expected to come on-
line in 2006. When completed the 55 MW
plant will sell all of its baseload electricity to
Xcel and consume 700,000 tons of
agricultural waste (primarily turkey litter)
annually.

the U.S. (described to the right).

In estimating the potential in North Carolina, we used the State’s 2004 total turkey production’
and broiler production” and applied the average litter per thousand birds for each,”® which
results in an annual potential of over 1.4 million tons of poultry litter. We then applied a heat
content of 6,200 btu/lb” to the annual litter production to estimate a potential capacity of around
175 MW if the litter is consumed in a plant dedicated to poultry litter such as the Fibrowatt
facilities. This is equal to five facilities of 35 MW capacity.

One uncertainty related to this resource is that the biomass facilities may be competing directly
with farmers for poultry litter, as it is an inexpensive allernative to purchasing industrial
fertilizer during times when high fuel prices increase the cost of fertilizer, which has a potential

s Currently, Craven County Biomass is utilizing poultry litter for a small portion of its biomass fuel supply

7449004-2005 Agricultural Statistics, County Estimates”, NC Department of Agriculture and Consumer Services, September 19, 2006

<http /iwww.ncagr.com/stats/cnty_est/ctytrkyr him>

752004-2005 Agricultural Statistics, County Estimates”, NC Depariment of Agriculture and Consumer Services, September 2006
<htip /iIwww ncagr com/stats/cnty_est/clybroyr him>

7® Camberato, Jim, “Land Application of Poultry Manure," NRAES 1999 <hitp:/hubcap clemson edu/~bippri/pasture/ipptable.html>

7 *Biomass Energy Data Book", Oak Ridge National Laboratory, 2006
<http /icta ornt.govibedb/appendix_a/Approximate_Heat_Content_of_Selected_Fuels_for_Electric_Power_Generation xis>
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. e - 78 . .
nutrient value of $20-$35/ton. On the other hand, concern over excess nutrient run-off

resulting from the use of poultry litter as a fertilizer may alter this demand completely in the
future.

Due to potential competition with farmers for use of the poultry litter as a fertilizer substitute, it
is assumed that only three 35 MW facilities, or a total of 105 MW, can ultimately be built and
receive cost-effective fuel supply.

Even though it is possible (and necessary) to mix poultry litter with other available agriculture
biomass’ (similar to the Minnesota project) such as crop residue and forest industry waste, for
modeling purposes, we assume that poultry litter is consumed in dedicated facilities. We also
understand that utilities are currently exploring the use of poultry litter as a co-firing input to
existing plants, which is an option that we have not modeled.

3.4 Wind

Wind energy is a major component of most states’ RPS portfolios, and, with cost reductions and
performance improvements over the last 20 years, wind could be significant in any RPS adopted
by North Carolina. The potential for this resource has been well-known for many years as North
Carolina was one of the first states to erect a large-scale wind turbine in the U.S. with the
construction of a 2 MW turbine in Boone in 1979. Additionally, Appalachian State University
has conducted numerous studies on the potential and benefits of wind in North Carolina.

Boone Wind Turbine

The wind industry has grown rapidly in the last decade, and there are now more than 10,000 MW
of wind turbines installed in the U.S. The development of widespread wind resource analysis
has accompanied the industry’s growth so that the current technical potential for wind energy is
reasonably well-documented for each state. In assessing North Carolina’s technical and practical

& Lichtenberg et al., “Economic Value of Poultry Litter Supplies in Alternative Uses," University of Maryland, October 2002

7® The remainder of the biomass used in the Fibrowatt Minnesota project will be secondary vegetative biomass, which could include materials

such as alfalfa stems, oat hulls, distiller grains, corn stover, sugar beet residue, annual grasses, sunflower hulls, and other similar agricultural
or biomass materials
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wind energy potential, we referred to recent updated information from the National Renewable
Energy Laboratory (NREL),*® a wind resource study conducted by AWS TrueWind in 2004 (a

leading firm in wind resource studies) for the State Energy Office, and studies conducted by
universities for the State Energy Office.”’

Buffalo Mountain, Tennessee: 15 Vestas 1.8 MW Wind Turbines.

As one would expect, the starting point for evaluating wind energy potential is to analyze the
available wind resource. The referenced studies estimate average annual wind speeds at different
heights above the ground across the State; we then used that information to estimate the
economics of developing wind projects in North Carolina. The average annual wind speeds are
often identified by wind speed “classes,” with Class 1 being the lowest and Class 7 being the
highest. Class 4 and better winds are present at preferred development sites, though improved
low-speed wind turbines can produce acceptable economics at Class 3 sites. The higher the
Class rating, the higher capacity factors can be gained from the same amount of installed wind
capacity and the lower the unit cost of energy. Net capacity factor is calculated based on the

total expected net energy generation per year divided by the total maximum generation for a
turbine.

The State’s best wind potential can be found along the east coast and in the western mountains.
From the information sources noted above, we estimated that there is about 2,800 MW of
Class 4 and above on-shore wind energy potential in North Carolina. In addition, there is about
6,800 MW of Class 3 wind energy potential.

8 NREL staff provided current information in telephone conversations and e-mail in August 2006
81 Reviewed multiple studies listed on ASU wind web site. <http /iwww wind appstate edufindex php>

82 This estimate is based on 20 MW per square mile of windy land. While the number of MW available at any site will depend on the specific
topography, our review of turbine spacing requirements and of many wind projects that are operating or are in development shows that
approximately 10 MW of wind turbines can be installed per linear mile and that two rows can be installed in each square mile
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Figure 9
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However, much of this potential may not be developable for a variety of reasons. As a result, the
technical potential numbers cited in the preceding paragraph are reduced to reflect:

= Potentially sensitive environmental land. This would include wildlife, wilderness
and recreation areas as well as other sites known or estimated to be under
environmental restriction.

B Incompatible land uses such as wetlands, urban areas and certain forested areas.

s Other exclusions including steep slopes, a buffer around excluded land areas, and
small pockets of land that would not be large enough to support economic wind
development.

The cumulative result of the identified exclusions is about a 75% reduction in wind capacity
potential. Using this information, the estimated total on-shore potential is 2,250 MW broken
down as follows:

Class 3 1,550 MW
Class 4 380 MW
Class 5 + 320 MW
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In addition, other permitting and siting
issues, such as the Ridge Law (discussed
to the right), are likely to limit the
practical amount of wind development.
Accordingly, for modeling purposes, the
above estimates were reduced further by
one-third to produce 1,500 MW of
practical on-shore wind energy potential,
with one-third (500 MW) located in the
east and 1,000 MW located in the west.

Because of the uncertain impact of the
Ridge Law, we considered the practical
on-shore potential wind resource in two

ANALYSIS OF A RENEWABLE PORTFOLIO STANDARD
FOR THE STATE OF NORTH CAROLINA

The Mountain Ridge Protection Act of 1983
(Ridge Law) states: “no . . . building, structure or
unit shall protrude at its uppermost point above the
crest of the ridge by more than 35 feet.” Protected
mountain ridges are all mountain ridges whose
elevation exceeds 3,000 feet and whose elevation
is 500 or more feet above an adjacent valley floor.
Exemptions to the Ridge Law include: water, radio,
telephone or television towers or any equipment for
the transmission of electricity or communications or
both. Structures of a relatively slender nature and
minor vertical projections of a parent building,
including chimneys, flagpoles, flues, spires,
steeples, belfries, cupolas, antennas, poles, wires,
or windmills are also exempt. In written
comments to the Tennessee Valley Authority, State
Attorney Genera! Roy Cooper stated, in 2002, that

main components: (1) eastern North
Carolina, and (2) western North Carolina.
In addition, inland sounds have the
potential to support wind development,
and we have, accordingly, considered
those “off-shore” areas as discussed below.

North Carolina's Mountain Ridge Protection Act of
1983 would prohibit construction of a wind farm
being proposed in the Tennessee mountains if the
project were located in North Carolina.

Eastern Wind

Developable on-shore sites in the East are primarily Class 3 wind resource sites. These sites can
be found in a few areas along the coast and on the barrier islands. While this contains some
Class 4 sites, given practical development limitations in viewsheds, we have assumed that a
number of areas, including the barrier islands, will not be developable. Accordingly, we
estimated practical use of 25 square miles in response to an RPS and the installation of
approximately 500 MW of wind capacity. Depending on the exact configuration, such
development may occasion the need for the construction of a major transmission line, since
much of the better wind resource appears to be located in an area which would require at least a
115kV line to transfer the electricity out of the region. Based on the applicable wind maps, 100
MW of the eastern wind resource could be considered Class 4 with a 32% net capacity factor and
400 MW would be in Class 3 wind regimes with a 29% net capacity factor.

Western Wind

The wind resource analyses show that western North Carolina has significant technical wind
energy potential, mostly along mountain ridges. However, the practical development of the
resource depends on broad policy issues that are yet to be decided. Accordingly, wind projects
in the western part of the State are included only as part of the Expanded Resources scenarios.

Using the wind resource information discussed above, the 1,000 MW to potential development
was broken down by Class in the Expanded Resources scenarios as follows:
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Class Potential Net Capacity Factor
Class 3 650 MW 29%
Class 4 150 MW 32%
Class 5+ 200 MW 35%

To install 1,000 MW of wind projects in western North Carolina, approximately 100 miles of
ridgelines would be required. This would equal approximately 5% of the 1,850 miles of
ridgeline above 3,000 feet in elevation.

Off-shore Wind

In scenarios that include resources from Resource Group 1, there is an assumption of little to no
development of wind in the western part of the State due to the Ridge Law. As a result,
additional wind energy may have to be tapped along the coast in order to achieve a higher RPS
target. Due to its higher installed cost, an off-shore project, to be considered potentially viable,
must be located within a Class 4 wind regime, which can be found 1-2 miles off the North
Carolina coastline and in the sounds. For 2,000 MW of off-shore turbines (3 MW each) to be
installed in such areas, approximately 100 square miles of water surface would be required
(though not fully occupied by turbines). By way of comparison, the sounds alone comprise
approximately 1,700 square miles of surface area. We assume installation in the sounds as the
more economic option for off-shore development because of shallower waters and easier access.

3.5 Hydro

North Carolina currently has over 1,650 MW of hydropower capacity, most being utility-scale
conventional hydro. In order to qualify as a NCGP resource, new small hydro facilities must be
less than 10 MW. According to NCGP,* it anticipates that most of the small hydro will involve
the installation of new generating capacity on existing impoundments (dams). Any new hydro
generating facility that involves a new impoundment will not automatically be included in the
program but will require special approval. In assessing the potential for such facilities in North

Carolina, we used studies published by the Idaho National Engineering and Environmental Lab
(INEEL).

In the INEEL study, each potential hydropower site in a state was reviewed and grouped into
three categories as follows: W — currently developed sites with generation but has additional
capacity potential, W/O — developed sites with some type of impoundment or diversion structure
but no power generation capability presently; and U — undeveloped sites with no structure or
power generating capabilities. Furthermore, INEEL also developed the Hydropower Evaluation
Software (HES) to compile environmental attributes surrounding potential projects and give the
sites a project environmental sustainability factor (PESF) between 0.1 (lowest likelihood of
development due to environmental factors) and 0.9 (highest likelihood).

The HES software identified 93 North Carolina sites, ranging from 1 kW to 76 MW, with
hydropower potential that falls under the three categories listed above. The total undeveloped

83 “NC GreenPower Program Plan,” Advanced Energy, Nov. 2002
<http /iwww.ncgreenpower org/elements/pdfs/NCGreenPowerProgramPian pdf>
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Table 5: INEEL HES Potential in North Carolina

With Power 6

W/0O Power 57 369.0
Undeveloped 30 124.5
North Carolina Total 93 507.8

potential weighted by PESF is roughly 500 MW, with 77% of the sites in North Carolina being
under 5 MW in size.

In developing the practical potential of hydro sites, we chose to use sites with a PESF weighting
of 0.50 or greater to estimate capacity potential. These sites were divided into two groups: a
<10 MW class, which would qualify for NC GreenPower program, and a 10+ MW class which
does not qualify at the present. We excluded hydro sites that have a potential of less than 1| MW
because the development costs would be too great. This left 38 potential sites that have
unutilized hydropower potential and have a reasonable likelihood of being developed, with a
total potential capacity of about 410 MW.

To estimate annual production, another INEEL study provided monthly average hydro profiles
for North Carolina rivers. That study shows an estimated annual capacity factor of 45%," which
was used in the study’s model. The average NCGP criteria hydro project was assumed to be
2.5 MW and the average (10+ MW) larger hydro project was assumed to be 25 MW,

Table 6: Practical Hydro Potential Estimate (PESF*MW)

W/O Power 51 311
Undeveloped 15 30
North Carolina Total 66 344

According to INEEL, there is very little incremental hydro potential in North Carolina at existing
hydropower facilities, except for one site, Rhodhiss. Rhodhiss can potentially increase its
capacity by about 15 MW, but this facility is used primarily to meet peaking needs according to
the facility owner, Duke Energy.®

84 Hall, Douglas G., Richard T. Hunt, Kelly S. Reeves, and Greg R. Carroll, "Estimation of Economic Parameters of U S Hydropower
Resources," Idaho National Engineering and Environmental Laboratory, June 2003.

8 "Rhodhiss Hydro to Celebrate 75% Anniversary,” Duke Energy News Release, February 18, 2000. <http://www duke-
energy com/news/releases/2000/Feb/2000021801 himl>
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Figure 10

INEEL Additional Hydroelectric Potential by River Basin
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3.6 Solar

Based on North Carolina’s location, the State has good solar resources throughout. Energy from
the sun can be used in several ways:

1. Generate electricity by means of using photovoltaic (PV) systems that convert
sunlight directly to electricity;

2. Direct thermal energy conversion either for heating or cooling app]ications;86
3. Electricity generation utilizing the sun’s thermal energy.87
For the purpose of assessing the electric contribution potential from solar, we focus this

discussion on PV systems only because this is the technology with most commercial experience.
In 2005, the worldwide installations of solar PV totaled 1,460 MW for that year.88 The solar PV

8 Solargenix, a solar thermal technology company based in North Carolina, is one of a few renewable technology companies in North
Carolina

87 Southem California Edison signed a contract for 500-850 MW of solar generation with Stirling Energy Systems to construct a facility using
"Stirling Solar Dishes” It is a technology that uses large reflective dishes to concentrate solar energy to be used in a Stirling heat engine to
convert the heat into electricity. <http:/iwww stirlingenergy.com/breaking_news htm>

8829006 World PV Industry Report Highlights,” Sotarbuzz, March 15, 2006 <http /iwww solarbuzz comMarketbuzz2006-intro htm>
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potential in the State was not estimated because it is not limited by technical or practical
considerations but rather by current levels of installed costs.

Solar thermal systems were evaluated under energy efficiency as a potential measure. While
solar thermal systems can potentially displace the consumption of electricity, their potential was

not assessed as part of electricity generation options. This does not necessarily preclude the
eligibility of solar thermal systems in an RPS.

Solar photovoltaics are made of semiconductor materials that produce voltage and current when
exposed to sunlight. These semiconductor materials are made into PV cells. The electricity
generated by PV cells is direct current (DC) like that produced by batteries. As more light falls
on a cell, more electricity is generated. The solar potential of a particular site is highly dependent
on its latitude position and angle to the sun. A PV system in North Carolina can get a yearly
average sun exposure of 5.0 — 6.4 hours per day depending on whether the system is fixed or
tracking the sun.* In the figure below, the average annual energy production (kilowatt-hours per
kilowatt) of a PV panel that is fixed due south is illustrated for various locations around North
Carolina, translating to an annual capacity factor of about 19%.

Figure 11

Photovoltaic System Production by Region in North Carolina
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NCSC reported the cost of a 2 kW solar photovoltaic system (residential size) to be $20,000-
$24,000 installed, or $10-$12 per watt. The cost of a larger system, 5 kW, comes to $40,000 to

$50,000 or $8-$10 per watt.”" The cost quoted by installers today in North Carolina is about $10
per watt installed for residential (1-2 kW) systems.

Photovoltaics: Electricity from the Sun,” North Carolina Solar Genter, June 2002, p. 4

%“North Carolina Consumer's guide to Buying a Solar Electric System,” North Carolina Solar Center.
<http:/mww ncsc nesu.edufinformation_resources/factsheets/cnsmrguide pdf>

9 bid.
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Tax incentives at both the state (35%) and federal level (30% or $2,000) are offered to help
defray the cost of solar PV systems. Despite these tax incentives, the cost of a PV today is not
yet directly competitive with many other renewable generation options on a dollars-per-energy
generated basis. However, PV systems do provide multiple benefits that may not be otherwise
accounted for. For example, PV systems can offset peaking load since the times during which
PV systems generate the most electricity from the sun often coincide with the highest summer
load periods on an electric system (see Appendix C). Additionally, based on the annual electric
generation estimates above, a PV system in North Carolina can produce electricity about 19% of
the year without any added fuel costs and help offset the cost of electricity for a home or
business owner at retail rates’ rather than wholesale rates. Solar PV may be able to provide

other benefits, such as providing distributed generation® capability without creating additional
emissions.

% Net-metering rules may apply.
9 Distributed generation is the small-scale production of electricity at or near customers’ homes and businesses. It has the potential to improve
system reliability, reduce focal distribution loading during peak moments, andfor avoid system upgrades in some cases.
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4. Renewable and Conventional Supply Cost Development

In order to estimate the rate impact of a possible RPS, the La Capra Team developed cost
estimates for the various renewable and conventional energy resources. After developing these
estimates, the potentially available MW of resources were summed in order from least to highest
cost. This resulted in a supply cost curve of resources.

In developing the supply cost curves for resources within North Carolina, we first compiled the
costs of installing and operating the applicable technologies. Both renewable and conventional
supply costs were included. Next, we calculated levelized costs per unit of energy production
($/MWh). The levelized costs are used to compare technologies with different cost profiles over
time. For renewable resources, levelized costs are based on technology-specific financial
assumptions applicable for independent project developers. In computing costs for conventional
technologies, we used costs that would result from utility financing structures and depreciation
for ratemaking purposes. All the results are presented in nominal terms, meaning inflationary

effects are taken into account. For this analysis, the average inflation rate is assumed to be 2.5%
per year.

4.1 Resource Costs and Operational Characteristics

In compiling resource technology costs and operational characteristics, this Report used a
combination of information, including confidential data from actual projects, striving for
realistic, current assumptions.

Installed Costs

While the renewable technologies reviewed are all deemed commercially available, some of the
renewable technologies are not yet mature and initial development costs may be greater than
national studies estimate for long-term achievable costs. However, these technology costs may
decline over time to their expected cost levels with greater penetration of the technology. The
range shown below for installed costs reflects our estimates of cost reductions in real terms over
the study period for developing technologies and no reduction in real terms for mature
technologies. Installed costs as represented are the total estimated project costs in 2006$ for the
assumed facility size that is being modeled.

In an effort to appropriately reflect costs, we have attempted to account for related
interconnection, development, and other soft costs, such as financing and contingency costs
typical of these resources. The costs and operational characteristics in the study are
represeniative of projects, both renewable and conventional, being built today, but the actual
cost of individual projects can vary greatly depending on site-specific issues.

In particular, upgrades to local distribution/transmission systems are always a major
consideration with wind energy economics. The basic cost estimates for wind energy projects in
this assessment include the cost of constructing a substation and approximately 10 miles of
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transmission line to reach the current grid. The analysis of other system upgrades that may be
needed is site specific and beyond the scope of this Report.

Operational Costs

Operation and maintenance costs are also estimated for the different technologies. These costs
are assumed to increase with inflation. Finally, resources such as biomass and poultry litter are
fuel inputs and require a fuel conversion rate or heat rate (btu/kWh) in estimating the fuel cost

component. Likewise, conventional resources all require fuel inputs, and assumed heat rates are
shown.

Tax Benefits

There are multiple types of tax incentives and credits that owners of these various resources can
receive. The most prominent tax incentive is the Federal Production Tax Credit (PTC)™ that
applies to many of the resources above.

Historically, the PTC has applied to wind and some forms of biomass projects. In the Energy
Policy Act 2005 (EPACT 2005), resources such as hydro were added to the eligibility list, and
the PTC for closed-loop biomass resources was extended to ten years from five. Open-loop
biomass, including landfill-gas and poultry litter projects, can now receive PTC at 50% of the
full rate for ten years. Though the PTC currently applies only to facilities that are installed by
the end of 2007, in the scenarios analyzed, we assumed that the PTC gets renewed at the levels
specified in EPACT 2005 throughout the RPS study period. This assumption appears reasonable
in light of past extensions and the recent expansion of the resources covered by the PTC.

North Carolina offers a state tax credit for 35% of the cost installing renewable energy systems;
however, the allowable credit cannot exceed 50% of the taxpayer’s tax liability (less any other
credits) for that year. If installed on a single-family dwelling, the credit must be taken in that
year; for all other installations the credit is taken in five equal installments.”” Additionally, the
credit for any specific project is capped at $25,000 for residential customers and $2,500,000 for
businesses. In the modeling, small projects such as solar PV and anaerobic digesters would
benefit the most from the State’s tax credit.

Solar PV installations receive additional tax benefits through a federal tax credit for solar
systems placed in service between January 1, 2006 and December 31, 2007. The credit has a
residential and a business classification, where the residential credit equals 30% of the PV
project and is capped at $2,000 per system. The business credit has no cap and is for 30% of the
project cost (after other credits are accounted for) until December 31, 2007 at which point the
credit drops to 10%.7° 1t is assumed that, as with the PTC, the 30% federal tax credit will
continue for businesses after 2007.

9 In 2006, the PTC was $0.019 per kWh. Each year, the PTC increases with an inflation adjuster with the PTC rounded to the nearest §.001
per kWh

%5 “Guidelines for Determining Tax Credit for Investing in Renewable Energy Property,” North Carolina Solar Center
<http:/iwww dor state.nc us/practitioner/individual/directives/renewableenergyguidelines htmi>

96“Frequently Asked Questions on the New Federal Solar Tax Credit," Solar Energy Industries Association
<http /www seia org/getpdf php?iid=21>
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For nuclear facilities, which are included only in a sensitivity case, EPACT 2005 also includes a
PTC for the first 6,000 MW of new Advanced Nuclear plants built in the U.S. As noted in a
previous section, this analysis assumed a 50% probability that nuclear facilities developed in

North Carolina would be able to take advantage of the PTC.

Table 7: Summary of Generation Technology Costs and Operational Characteristics

(Costs in 2006%) MW MW $ /KW $‘{ ::‘r’ $/MWh
Renewable Technologies
Eastern Wind Farm 500 30 $1,700-$1,417 $45 $2 - 100%
Eastern Wind Cluster 5 $2,000-%$1,667 $55 $2 - 100%
%itdem Offshore 2,000 50 $2,400-$2,000 $65 $2 - 100%
Western Wind Farm 30 $1,700-$1,417 $45 $2 - 100%
Western Wind 1,000 .
Cluster 5 $2,000-$1,667 $55 $2 - 100%
Biomass
(Co-Fire with Coal) 20-69 $75-$230 $12 $5 12,000 -
Biomass o
(Stoker Technology) 25 $2,700 $75 $10 13,000 50%
Biomass 650-1,240
(Fluidized Bed 25 $3,000-$2,618 $75 $10 13,800 50%
Technology)
Biomass _ o
(Gasification) 25 $3,700-$2,946 $100 $10 12,500 50%
Incremental Hydro 13 13 $1,100 - $5($3) - 50%
pvdro without 350 2.5 (25) | $3,300($2,750) | $20($10) | $5($3) - 50%
Undeveloped Hydro* 45 2.5 (30) | $4,400($3,850) | $20($10) $5(%$3) - 50%
Landfill Gas (ICE) 150 5 $1,450 $200 - 12,000 50%
Poultry Litter o
(Stoker) 175 35 $2,927 $75 $10 13,000 50%
Hog Waste ~ 0,
(Anaerobic Digester) 90 150 kW $4,000 $270 14,000 50%
2 kw $10,000

* kK 4 - - -

Solar PV (25 kW) ($8,000) $75
Conventional Technologies

Pulverized Coal 750 $1,600 $30 $5 9,100 -
Gas Combined Cycle 250 $700 $12 $2 7,000 -
Gas Combustion .
Turbine 150 $500 $12 $8 10,200 -
Nuclear 1,100 $2,000-%$4,000 $60 $3 10,000 50%°7

*Values denoted in parentheses are for hydro projects greater than 10 MW that do not presently qualify as a NC

GreenPower resource

**'alues denoted in parentheses are for larger installations at commercial/industrial sites.

57 Under EPACT 2005, the first 6,000 MW of advanced nuclear plants built in the United States would qualify for a PTC but the PTC is capped

at $125 million per year per 1,000 MW plant  Since there is a limit to the number of nuclear plants that can actually receive the PTC, we

assume a 50% probability of utilization of the PTC in the cost assessment
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4.2 Financing Assumptions and Resource Cost Calculation

Financing assumptions are critical to estimating the cost of renewable technologies, as many are
capital intensive with little or no fuel costs. Renewable energy projects have utilized multiple
financing structures involving combinations of bank loans, equity investments, tax credits, and/or
municipal bonds. Depending on a project’s owner and its tax status, the financing structure will
also vary. A utility-owned project will be structured differently than one owned by an

independent power producer (merchant developer). This difference is captured in the
assumptions below.

Financing Nonutility Renewables

Renewable energy projects are assumed to have nonutility owners, with the exception of biomass
co-firing projects which will consist of retrofits at utility-owned coal-fired plants. The output of
the nonutility-owned projects is assumed to be sold to utilities under long-term power purchase
agreements (PPA) for a fixed price that is equivalent to a levelized cost which allows the owner
to earn a market return on investment. The costs for the PPAs will be passed through to
ratepayers. For small customer-side generation, the full cost is also taken into account, even
though the energy may be net-metered. Conventional resources are assumed (i) to be utility-
owned, with capital costs included in rate base and earning the utility’s allowed rate of return;
(ii) to have operating costs reflected in utility expenses; and (iii) to have longer book
depreciation lives for ratemaking purposes.

For modeling purposes, a standard financing structure for a project developer is assumed to
consist of a combination of debt and equity investments, where the debt is modeled as a
mortgage-style fixed rate loan. The target debt-to-equity ratio depends on the coverage ratio
required by the lender. The debt term is typically less than the expected economic life of the
technology and reflects the perceived risk associated with the project, though debt terms will
vary greatly depending on the project. Based on current market information, the cost of debt is
assumed to range between 8.0% and 8.5%. The cost of equity for renewable project investors
may range between 13% and 15% depending on the perceived risks associated with the
development and output of a project. For this analysis, anaerobic digesters (for hog waste) and
solar projects are assumed to be 100% debt financed as they are relatively small projects that can

be viewed as capital expenditures fully funded either through an agricultural loan or a home
mortgage.

Levelized Costs

Next, we developed levelized costs for renewable technologies to assess the associated annual
costs for a portfolio of conventional resources and a portfolio that includes renewable resources.
The purpose of levelizing costs is to normalize the unit cost of renewable generation that may
have different debt terms, economic life, and capital requirements. All levelized costs calculated
for renewable resources are in nominal terms and are calculated over a 20-year period where
inflation is also taken into account. The annual levelized cost for each type of resource modeled
represents the cost for a resource installed in a particular year. This is meant to mimic a fixed

price 20-year PPA that a merchant renewables developer would be expected to offer to the
State’s utilities in the applicable year.
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Table 8: Generator Financing Assumptions and Levelized Costs

Years cents/kWh % % % % Years Years
Non-Utility Ownership
Other biomass 20 8.9 -12.4 70% 30% 8.0% 14% 15 20
Landfill Methane 20 4.7 70% 30% 8.0% 14% 10 7
Onshore Wind 20 55-9.1 60% 40% 8.0% 14% 15 5
Offshore Wind 20 10.5 60% 40% 8.5% 15% 15 5
g?;:gtoet;'sc 20 7.9 100% - 8.25% - 10 .
Hydro (upgrades) 30 2.5-10.4 70% 30% 8.0% 13% 20 20
Hydro (new) 50 11.6 - 14.0 70% 30% 8.0% 13% 20 20
Solar PV (small) 25 35 100% - 5.78% - 20 0
Solar PV (large) 25 20 100% - 8.5% - 10 5
Utility Ownership
Biomass co-firing 10 0.5 -2.2% 50% 50% 8.0% 12.5% 5 10
Pulverized Coal 40 N/A 50% 50% 8.0% 12.5% 25 20 (40)
g;‘i‘ecomb'”ed 20 N/A 50% | 50% | 8.0% | 12.5% 15 20 (25)
Gas Combustion 20 N/A 50% | 50% | 8.0% | 12.5% 15 20 (25)
urbine

Nuclear 40 N/A 50% 50% 10.0% 12.5% 25 15 (40)

* Depreciation life denoted in parentheses indicates the depreciation life used in rate recovery calculations for
utility-owned generation

Utility-Owned Generation

In order to properly reflect a utility-owned generator, it is important first to model utility costs
that resemble its cost recovery profile. Therefore, the cost stream is based on the first 20 years of
operation for conventional resources using a utility cost-recovery structure (40 or 25 year
depreciation) at the current allowed rate of return (12.5%) for the equity portion of the capital.
This is best demonstrated in the graph below showing an example of the annual utility cost
recovery that includes the capital cost recovery and the annual operating costs for a coal plant.
These cost streams were calculated for each of the utility-owned conventional technologies
above. Since this RPS analysis is not an attempt to replicate an integrated resource planning
process, we simplified the methodology by assuming one cost stream for each of the
conventional technologies described. The fuel prices assumed for conventional technologies are
described in the next section.

%8 Though biomass co-firing will likely receive utility rate-making treatment for cost recovery, this number reflects the incremental cost

compared to using coal in existing coal facilities
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Figure 12
Example of Year-to-Year Recoverable Costs of a Utility-Owned Coal
Plant
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4.3 Fuel Price Assumptions

In assessing the costs of conventional resources, it was also important to develop a realistic set of
assumptions related to future conventional fuel costs for North Carolina. Since 2003, the country
has seen dramatic increases in prices for all the conventional electric generation fuels: oil (up
65%-~90%), natural gas (up 45%), coal (up 30%), and even uranium (up over 100%). Below are
two figures that reflect the trends of national average coal costs paid by electric generators

historically and world uranium prices. Fuel prices for North Carolina are higher than reflected in
the national averages.
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Figure 13

EIA Historical Fuel Receipts at Electric Generators
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Similar increases have impacted North Carolina as well causing North Carolina utilities to file
fuel adjustments to rates. Going forward, depending on the source of the forecast, future prices
for these fuels can vary dramatically. A moderate assumption for future fuel prices in North
Carolina to be used in this analysis is presented below. A high fuel case, similar to prices
experienced over the past year, was also tested and is discussed in a sensitivity case in a later
section. Fuel prices are assumed to increase with inflation (2.5% per year).

Table 9: Delivered Fuel Price Assumptions

Coal

Natural Gas (Firm) $8.00 $10.00
Natural Gas (Spot) $7.20 $9.20
Qil $7.25 $9.25
Nuclear $0.50 $1.00
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5. Energy Efficiency

As part of the scenario assessment, the Advisory Group was interested in understanding the
implications of including energy efficiency (EE) as a possible option for meeting up to 25% of
the requirements of an RPS. Energy efficiency opportunities typically are physical, long-lasting
changes to buildings and equipment that result in decreased energy use while maintaining the
same or improved levels of energy services. Energy efficiency, for the purposes of this analysis,
is a subset of Demand Side Management (DSM) programs that may encompass other programs
such as load management, load shifting, demand response, and other peak load programs. In
order to address this request in a timely manner, GDS, an expert in demand side management
potential assessments, conducted a simplified analysis of the EE potential in North Carolina.

The GDS Report, entitled “4 Study of the Feasibility of Energy Efficiency as an Eligible
Resource as Part of a Renewable Portfolio Standard for the State of North Carolina,” is not
meant to be a detailed exploration of every possible demand-side management program that can
be implemented in the State, but rather an overview of cost-effective potential for commercially
available energy efficiency measures in the context of this RPS study. The focus, for the
purposes of the RPS analysis, was to examine energy efficiency measures that could provide the
greatest energy reductions in a cost-effective manner. Table 10 below lists the number of energy
efficiency measures included in the GDS study by sector.

Table 10: Number of Energy Efficiency Measures by Sector

'Residehtialysector ' 34

Commercial sector 81
Industrial sector 12
All Sectors - Total 127

While there are limitations to the approach, which will be discussed later, the La Capra Team
was able to use the GDS results to model scenarios in which 25% of the RPS requirements are
met with EE. For additional information regarding this study, please refer to the attached full
study text.

Before summarizing the key information from the GDS work, it is important to understand a few
EE concepts, as follows:

= Technical Potential is defined in the GDS study as the complete and immediate
penetration of all measures that were deemed technically feasible from an engineering
perspective.

= Achievable Potential is defined as the penetration of an efficiency measure that can
be achieved with a concerted, sustained campaign involving highly aggressive
programs and market interventions. The State of North Carolina would need to
undertake an extraordinary effort to achieve this level of savings.
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Achievable Cost-Effective Potential is defined as the potential for the realistic
penetration of energy efficiency measures, derived from Achievable Potential
estimates, that are cost effective according to a calculation of the levelized cost per
lifetime kWh saved.” Measures with a levelized cost per lifetime kWh saved of
$.05 or less are considered to be cost-effective. As demonstrated later in this report,
North Carolina would need to continue to undertake an aggressive effort to achieve
this level of electricity savings.

The process of narrowing down the energy efficiency potential in North Carolina began with an
assessment of Technical Potential of 33% by 2017 and concluded with an Achievable Cost-
Effective Potential of 14% by 2017.

Table 11: Total Potential Electricity Savings by 2017

Technical Poténtial

58,968
Achievable Potential 36,234 20%

Achievable Cost-Effective e
Potential ($0.05/kWh or lower) 25,132 14%

The key conclusion that the La Capra Team draws from the GDS study is that the Achievable
Cost-Effective Potential for energy efficiency in North Carolina should be able to meet 25% of
either a 5% or 10% RPS. In reaching this conclusion, the La Capra Team notes:

= The GDS study estimates the Achievable Cost-Effective Potential for electric
energy and related peak demand savings from energy-efficiency measures in North
Carolina. The primary cost-effectiveness filter that GDS used for screening of energy
efficiency measures is the levelized cost per lifetime kWh saved of each energy
efficiency measure. Only measures costing less than $.05 per lifetime kWh saved
were considered to be cost-effective.

It is important to keep in mind that this screening criteria does not replicate any of
the “Cost/Benefit Tests” that would normally be used in a regulatory DSM
proceeding. The purpose here is to provide indicative potential and associated costs
Sfor programs that can be implemented in North Carolina as part of an RPS.

= Based on the cost-effectiveness screening described above, capturing the Achievable
Cost-Effective Potential for energy efficiency in North Carolina can reduce electric
energy use by 14 percent by 2017.

% The levelized cost per lifetime kWh saved is a calculation based on the full incremental cost of a measure, amortized over its measure life by
taking into account a discount rate  Incremental cost is the difference between the cost of an energy efficient measure versus the cost of a
less-efficient counterpart  The levelized cost per year resembles equal payments of a morigage over the measure life with an interest rate
equivalent to the discount rate. The levelized cost screen does not include first year administrative costs, which is assumed fo be $0 02 per
first year kWh saved (2006$).
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The magnitude of the potential savings is consistent with results reported in recent
studies for many other states.

* In estimating Achievable Cost-Effective Potential, GDS considered savings
opportunities from Market Driven Energy Efficiency programmo strategies.

GDS selected a target incentive level of 50 percent of energy efficiency measure
costs as the incentive necessary to achieve high rates of program participation
required to achieve the savings potential. GDS noted that actual program experience
has shown that very high levels of market penetration can be achieved with
aggressive energy efficiency programs that combine education, training and other
programmatic approaches along with incentive levels in the 50% range.

There are additional program costs for administration, marketing, technical assistance
and data tracking and reporting. In the GDS Study, program administrative costs
are assumed to be in addition to incentive costs and are assumed to be $0.02 per
KkWh of first year’s savings of each measure.

The cost-effectiveness screening (using the levelized cost per lifetime kWh saved) is
based upon a nominal discount rate of 10%.

5.1 Methodology

The analysis of energy efficiency potential was broken into three customer classes: residential,

commercial and industrial. GDS used different approaches to estimate the impact of each
customer class.

For the residential sector, GDS began by assessing the existing level of electric energy efficiency
that has already been accomplished in North Carolina. This assessment included collecting data
on the penetration of Energy Star appliances in the State for the period from 1998 through 2004.
For each electric energy efficiency measure, this analysis assessed how much energy efficiency
has already been accomplished as well as the remaining potential for energy efficiency savings
for a particular electric end use.'”’  For the residential sector, GDS addressed the new
construction market as a separate market segment, with a program targeted specifically at the
new construction market.'® Additionally, GDS assumed an achievable long-term penetration
rate of 80 percent by 2017 for the residential sector in North Carolina. This penetration rate is
achieved over a ten-year period, not immediately.

For the commercial and industrial sector, GDS developed an estimate of the achievable cost-
effective potential for North Carolina by calculating an average from eight other recent studies.

1% Market driven measures occur only when existing equipment will be replaced with high efficiency equipment at the time a consumer is
shopping for a new appliance or other energy using equipment, or if the consumer is in the process of building or remodeling

19" For example, if 100 percent of the homes in North Carolina currently have electric lighting, and 30 percent of light bulb sockets already have

high efficiency compact fluorescent bulbs (CFLs), then the remaining potential for energy efficiency savings for this measure is 70 percent.
192 41y the residential new construction market segment, for example, detailed energy savings estimates for the ENERGY STAR Homes

program were used as a basis for determining electricity savings for this market segment in North Carolina.
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The average achievable cost-effective potential savings in these other studies is 12.1% for the
commercial sector and 10.8% for the industrial sector. Based on their experience in other states,

GDS concludes that these estimates are reasonable proxies for opportunities in these sectors in
North Carolina.

Another key element in this approach is the use of energy efficiency supply curves. The supply
curve is typically built up across individual measures that are applied to specific base-case
practices or technologies by market segment. Measures are sorted on a least-cost basis and total
savings are calculated incrementally with respect to measures that precede them. An energy
efficiency supply curve provides information on how much energy efficiency is available at a

certain levelized cost per lifetime kWh saved. A list of measures that were examined is provided
in Appendix G.

5.2 RPS Implications

There are several issues that are unique to energy efficiency measures and must be considered if
EE is included in an RPS.

= Under current North Carolina ratemaking, the full cost associated with a measure, no
matter the measure life, is eligible to be expensed in rates at the time the cost is
incurred, unlike generation resources, where capital costs are often recovered over a
longer period of time. This is how EE costs were modeled in the RPS analysis.

= Each energy efficiency measure has a unique useful life. As a result, some measures
may be effective for a relatively short period of time, meaning the measures may not
be persistent. To address this issue, additional funding is needed after the RPS study
period to maintain efficiency levels achieved by 2017. The RPS modeling of EE
scenarios includes additional funding after 2017 to replace expired measures.

The measurement of energy efficiency savings for RPS compliance purposes can be
difficult unless there are standardized savings designated for each type of EE
measure. There is also the potential of some double-counting between what is
included in utilities’ forecasts versus achieved savings through an RPS. One way of
dealing with this issue is to utilize appropriate tracking and accounting protocols and
target specific programs that are not included in utilities’ forecasts.

= The potential existence of free-riders and free-drivers'™ also poses a problem in
attributing the correct amount of energy savings from EE measures that are part of an
RPS versus what would have otherwise resulted without any incentives and may have
already been accounted for in utilities” forecasts. For the RPS analysis, the impact of
free-riders and free-drivers are expected to counterbalance each other based on a

1% Eree-riders are defined as participants in an energy efficiency program who would have undertaken the energy efficiency measure or
improvement in the absence of a program or in the absence of a monetary incentive. Free-drivers are those who adopt an energy efficient
product or service because of the intervention, but are difficult to identify either because they do not collect an incentive or they do not
remember or are not aware of exposure to the intervention.
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study of a similar nature conducted for the New York State Energy Research and
Development Authority (NYSERDA).

= [f the State does proceed with the development of an RPS, careful consideration
should be given to whether an RPS or a separate policy vehicle is the appropriate
policy tool to promote energy efficiency measures.

Notwithstanding these observations, GDS’s estimate that the cost-effective potential in the State
is 14% by 2017 indicates that there should be sufficient EE potential to meet 25% of the
statewide RPS targets discussed in this Report. Since the EE target equates, at most, to only 2.5%
of total electric sales in the State by 2017, GDS concludes that there is ample cost-effective
energy efficiency to meet the EE portion of an RPS.

Realizing the Achievable Cost-Effective Potential energy efficiency savings by the end of the
RPS study period (in 2017) would require extensive programmatic support. Programmatic
support includes financial incentives to customers, marketing, administration, planning, and
program evaluation activities provided to ensure the delivery of energy efficiency products and
services to consumers. The annual administrative costs shown below include all the costs

described as part of programmatic support, including 50% of measure incremental costs (in the
form of financial incentives paid to program participants).

Figure 15
Energy Efficiency Measures to Meet 25% of a 10% RPS Target
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GDS’s study indicates that a ramp-up of programs and related costs to meet 25% of a 10% RPS
may appear as in the graph above. Additional funding after the RPS period would be needed to
sustain the same level of achieved savings.

As noted in the above graph, the energy efficiency measures can also be expected to reduce the
amount of generation capacity that is needed. To calculate load (capacity) reductions, GDS
assumed that the load factors associated with the energy efficiency savings would be 0.5 for the
residential and commercial sectors and 0.8 for the industrial sector.'® The capacity impact is
represented by the red bars in the graph above.

'04 3DS based these load factors on a review of energy efficiency load factor data from on-going programs operated by Wisconsin Focus on

Energy, the New York Energy $mart Programs, Efficiency Vermont, and other energy efficiency organizations with active energy efficiency
programs,
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6. Utility Rate Impact

The direct impact of introducing a significant amount of renewable resources and/or energy
efficiency measures into a utility’s power portfolio is two-fold: (1) the displacement of some new
capacity additions and (2) the displacement of some marginal energy generation from existing
units. The cost of new baseload generation estimated in the utilities” IRPs exceeds the filed
avoided costs. Therefore, relying solely on utilities’ avoided cost filings would not be an
appropriate comparison for assessing the incremental cost of a portfolio of new renewable supply
options that can potentially displace some new baseload conventional generation. Using avoided
cost alone may underestimate the value of new renewable generation and energy efficiency in
meeting incremental generation supply needs.

In this analysis, we relied on the State’s utilities’ generic generation expansion plans as filed in
their 2006 Annual Energy Plans or Integrated Resource Plans (IRP). These show the types and
sizes of new resources needed over time in a portfolio of conventional fuel technologies. This
combined portfolio is referred to as the “Utility Portfolio” in this Report. For each year in the
RPS period (2008-2017), we compared the total annual cost of the Utility Portfolio and that of
“Alternative RPS Portfolios” with renewables in the mix that would meet 5% and 10% RPS
scenarios. The Alternative RPS Portfolios also have conventional technologies in the mix, as
necessary, to ensure future capacity and energy needs are met.

A second step in assessing the incremental cost of an RPS is to account for any displacement of
marginal generation. Since some renewable generation is not perceived to contribute to firm
capacity needs, a portfolio with renewables in the mix that achieves the “capacity” targets of the
proposed utilities’ generation expansion plans may result in excess (or short) energy produced
over (or below) the State’s incremental energy needs. For this excess (or short) energy, we
assume the avoided cost is equal to marginal energy costs, which would be used to reduce (or
increase if short) the incremental cost of the Alternative RPS portfolios.

Incremental costs (the annual difference in costs between the Utility Portfolio and the Alternative
RPS Portfolios) were calculated for each year within the study period (2008-2017) to derive the
annual rate impact in terms of cents per kWh. Additionally, the total incremental costs were
summed and translated to a 10-year net present value (NPV) and 20-year NPV, assuming a 10%
discount rate. The latter reflects the long-term commitment of an RPS portfolio as contracts are
likely to extend past the ten-year study period of the RPS.

It is important to keep in mind that this study is not meant to be an IRP analysis, but rather to
provide indicative economic impacts related to an RPS. Many factors and assumptions can
change the total cost calculated, but the impacts presented in the analysis provide good
indications of relative costs and the potential magnitude of deviation.

The major conclusions derived from the scenarios are as follows:

Achieving a 5% RPS without energy efficiency is very possible for North Carolina
without exhausting the renewable resources in the State and is likely to have a
minimal rate impact.
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Overall, without energy efficiency, the rate impact by the end of the 10-year time
frame of the study is between 0.02 cents’/kWh to 0.31 cents/kWh, depending on the
RPS target and resources allowed. For a typical residential customer whose monthly
consumption is 1,000 kWh, the increase by the tenth year of an RPS is estimated to be
$0.20 to $3.10 per month, depending on the RPS target.

Achieving a 10% RPS without energy efficiency is problematic as numerous off-
shore wind projects would need to be built under both the NCGP case (2,300 MW of
off-shore needed) and the Expanded Resource case (900 MW of off-shore needed).
Without off-shore wind, there are insufficient cost-effective and/or practical on-shore
resource options to meet a 10% RPS.

8 Depending on the types of renewable resources that are eligible (not including energy
efficiency), the total incremental cost of a 5% RPS (in NPV) over 20 years is
estimated to be $319 to $727 million, and a 10% RPS would cost §1.6 to $2.7 billion.
The costs are not scaleable between a 5% and 10% RPS because higher cost resources
must be developed to meet the higher RPS target. Greater access to wind on the
western mountain ridges and larger hydro projects (>10 MW) lower the cost of an
RPS because lower cost resources can be utilized. However, the development of

these resources would need to be weighed against potential objections to their
eligibility.

B [f25% of a 5% RPS target is met with energy efficiency, the rate impact would be
higher (0.021 cents per kWh) initially, but this resource mix would result in a rate
decrease of 0.031 cents per kWh by the end of the study period. The higher initial
cost results from the full cost of an efficiency measure being passed through to
customers in the year of implementation. Additionally, the rate impact takes into
account potential adjustments to rates as a result of utilities’ needing to recover fixed
costs over less fewer retail energy sales. This effect is seen more readily in the 10%
RPS case where greater energy reductions (2.5%) impact the fixed cost portion to a
greater degree, and rate increases are 0.045 cents per kWh in 2008 declining to 0.038
cents per kWh in 2017.

= By adding energy efficiency to the list of eligible resources, a 10% RPS can be
achieved while saving about $577 million in NPV over 20 years relative to the
Utilities® Portfolio.

Sensitivity tests were conducted using the moderate Base Case of a 5% RPS with NCGP eligible
resources. This produced a 20-year NPV of $727 million in incremental cost. Co-firing is
included in the base case. The major conclusions from the sensitivity tests are as follows:

= The impact of not allowing co-firing is different depending on whether eligible
resources are limited by NCGP definitions or expanded to include more wind and
hydro. On one hand, if resources were limited by NCGP definitions and wind was
barred from development in the western part of the State, co-firing appears to help
reduce the overall cost of an RPS. On the other hand, if wind could be developed in
abundance in the west, its ability to displace some new baseload coal, unlike co-firing

La Capra Associates Team 53



Case No. 2007-00477
Attach. STAFF-DR-006(b)(2)
Page 73 of 154

ANALYSIS OF A RENEWABLE PORTFOLIO STANDARD
FOR THE STATE OF NORTH CAROLINA

(which has no incremental energy or capacity benefit as assumed) would result in
minimal impact on rates overall.

= ]f the production tax credit (PTC) for many renewables is not renewed after the first

five years of the RPS, this increases the total incremental cost (20-year NPV) of an
RPS by over 40%.

If solar (photovoltaic) installations receive a multiplier'® of 3.5, resulting in about
112 MW of solar installations, there is no incremental cost relative to the base case.
However, solar installations on this scale would need to coincide with major solar PV
manufacturing within the State to optimize economic development and ensure
adequate supply. Also, the PV multiplier displaces about 75 MW of new biomass
development, which would have made a greater energy contribution to the State,
since a multiplier would not have been applied to biomass development.

If fuel prices (natural gas and coal) remain at recent levels as shown in the “High Fuel
Price” case, the incremental cost of an RPS declines somewhat, but does not
completely offset the cost of an RPS. Through the sensitivity tests, we found that an
RPS can help mitigate some risks related to high fuel prices, but even in our high fuel
cost scenario the RPS still carried an added cost.

= If nuclear plants are included in the Utility Portfolio, a 5% RPS can potentially
displace an entire unit of nuclear capacity (about 1,100 MW).'%  The resulting
incremental cost of an RPS will vary depending on what is assumed to be the cost of
a new advanced nuclear facility that renewable resources are displacing. [f the total
installed cost of a new nuclear plant is $2,000 per kW (200683), the resulting
incremental cost of a 5% RPS is $1.323 billion. If the total installed cost doubles to
$4,000 per kW (2006%), the result of a 5% RPS (without energy efficiency) is a $5
million NPV savings. As one can see, the incremental cost of an RPS could depend
highly on the actual cost of a new nuclear facility, a cost that could be difficult to
predict. Similarly, the cost of new coal plants used in this analysis may also have
related uncertainties, as evidenced by recent increases to installation costs in coal
plant proposals.

6.1 Utilities’ and RPS Portfolios

Utilities’ Portfolio

To determine the capacity impact on utilities’ expansion plans, we first assembled a portfolio of
supply expansions based on the utilities’ 2006 Integrated Resource Plans (IRP) (see Table 12
below),107 which, as noted above, is called the Utilities” Portfolio. Many of the smaller utilities

195 A multiplier is a factor that provides added incentives to particular resources/technologies where one credit earned is multiplied by the
factor.

106 | jke the 5% NCGP Scenario, 500 MW of gas combined-cycle would also be needed as part of the portfolio

107 Only Carolina Light and Power and Duke Energy filed expansion plans that described the types and quantities of resources needed.

La Capra Associates Team 54



Case No. 2007-00477
Attach. STAFF-DR-006(b)(2)
Page 74 of 154

ANAL YSIS OF A RENEWABLE PORTFOLIO STANDARD
FOR THE STATE OF NORTH CAROLINA

did not designate the types of resources they planned to procure or build and some indicated that
incremental supply would be met through contracts with the large utilities in the State. As a
result, we made the general assumption that these utilities would contract with the larger utilities
for their future incremental capacity and energy needs. In other words, they would actually
receive a share of the larger utilities’ incremental portfolio additions and, thus, the smaller
utilities’ portfolios of incremental supply mix would resemble that of the IOUs.

Table 12 below represents the Utilities™ Portfolio. It shows the capacity and energy needs under
the utilities’ 2006 IRPs only and does not include any existing utility resources or specifically
identified projects. Also, while Duke Energy, in its 2006 IRP, had included nuclear additions of
617 MW in 2016 and another 1,117 MW in 2017, there is uncertainty regarding the feasibility of
development of nuclear projects in North Carolina and their associated costs, making this
difficult to properly model. Including nuclear plants in the Utilities’ Portfolio was reserved for a
sensitivity test. Instead, these nuclear units were replaced in the Utilities’ Portfolio by baseload
coal units with similar capacity and energy output. Based on the capacity needs, the total energy
output of the incremental capacity was calculated assuming the following capacity factors:
(1) Baseload = 90%; (2) Intermediate = 50%; and (3) Peaker = 5%. These capacity factors
imply that new plants, with better efficiencies, are likely to be dispatched more often and may

displace some operation of older plants. The total incremental capacity and energy is shown in
Table 12 and Figure 16 below.

Table 12: Utilities’ Combined Cumulative Portfolio Additions Starting 2008

Baseload

0
Nuclear 0 0 0 0 0 0 0 0 0
Intermediate 0 0 0 0 0 0 0 0 0 0
Peaker 0 480 1,515 2,430 2,745 3,345 3,945 4110 4110 4,110
Energy 0 210 664 7,391 | 13,856 | 20,032 | 20,295 | 20,367 | 31,129 | 39,939

*Energy calculated based on assumed capacity factors.
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Figure 16

Combined Utilities’ Capacity (and Energy) Expansion Plans
Beyond 2006
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Alternative RPS Portfolios

Next, for each RPS scenario, we developed an Alternative RPS Portfolio that achieved both the
capacity and energy needs similar to the Utilities’ Portfolio, but included the energy and capacity
contributions of the renewable resources modeled. These Alternative RPS Portfolios included
changes in conventional resource mixes to meet the capacity and energy targets of the Utilities’
Portfolio. It was more important to achieve the capacity requirement as reflected in the Utilities’
Portfolio for reliability purposes, while energy needs were often exceeded as many of the
renewable resources are normally baseload or as-available generation (see Table 13 below).

It was also assumed that as-available (intermittent) resources, such as wind and hydro, would not
contribute to the State’s capacity for reliability purposes. However, these resources do provide
energy contributions when generating. This is a rather conservative assumption since several
studies have demonstrated that there is inherent capacity value to these resources, but there has
not been an agreed metric in determining that value.

Additionally, co-firing does not necessarily add incremental capacity or energy to existing coal
plants, so the co-firing capacity we modeled also does not contribute to incremental capacity and
energy needs of the portfolios. This means that even though co-firing biomass can contribute to
the RPS requirement, the energy generated does not necessarily displace the need for new
generation, since the fuel is fired in existing facilities. This also implies that no net increase in
emissions would result at the existing facilities. Essentially, co-firing with biomass offsets the
procurement of coal at existing coal plants; this is reflected in the supply cost calculation already.
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The alternative portfolios presented in this Report are meant to be indicative of potential
portfolio outcomes only and do not entail the detailed processes and methodologies used in
resource planning or dispatch modeling. The main objective is 10 produce representative cost
differentials between two portfolios that would reflect the assumptions used in each RPS

scenario and sensitivity tested.

Table 13: Comparison of Capacity Development in Scenario Portfolios Ending 2017

Baseload 4,838 3,750 3,750 3,750 3,000 3,000
Intermediate 0 500 500 500 0 0
Peaking 4,110 4,050 4,350 4,050 4,950 4,950 4,200
Renewables

(Firm) 699 383 208 1,020 1,020 826
Renewables

(Other) 866 1,689 1,389 3,201 3,104 2,034
Energy

Efficiency 458 917
Change in Conventional Capacity Relative to Utilities’ Portfolio

Baseload (-1,088) (-1,088) (-1,088) (-1,838) (-1,838) (-1,838)
Intermediate 500 500 500 0 0 0
Peaking (-60) 240 (-60) 840 840 90

From the scenario tests, a 5% RPS can potentially displace close to 1,100 MW of baseload
generation, but 500 MW of additional combined-cycle generation would be needed to meet
remaining capacity and energy needs. Combined-cycle units serve as intermediate units,
meaning they operate when demand (load) exceeds the level that baseload units can provide, but
would not run continuously. Natural gas combined-cycle generation has lower installed cost
than a coal unit, but fuel costs are tied to a more volatile fuel market, so variable costs are

typically higher than coal plants. In an IRP context, combined-cycle units may not be a least-
cost resource.

Depending on whether the RPS eligible resources are NCGP-approved resources or part of the
Expanded Resources Case, additional peaking generation may be needed when large amounts of
wind are added to the system. For example, in the 5% NCGP Scenario, wind is limited to
development along the eastern part of the State so a total of 500 MW is assumed to be built by
the end of the study period. If wind development is allowed on ridge tops in the west as in the
Expanded Resources Case, another 600 MW of wind may be developed to meet the 5% RPS.
This additional wind development displaces more costly new biomass facilities that are built in
the NCGP Case, but requires additional peaking generation to ensure sufficient capacity is
available. Also, large hydro (>10 MW) projects are developed in the Expanded Resources Case.

For a 10% RPS target, over 1,800 MW of baseload generation can potentially be displaced, but

about 840 MW of additional combustion turbines (peaking generation) would be needed to back-
up a large amount (2,715 to 2,825 MW) of wind and hydro generation (see Figure 17 below).
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These resources are assumed to be non-firm and not contributing to capacity requirements in the
State.

To meet a 10% RPS, all the practical land-based resources are utilized in both resource cases, so
off-shore wind will be needed to fill in the remainder of the requirements. A 10% RPS target is
likely impractical if 900 to 2,300 MW of off-shore wind would need to be developed. Given the
current barriers to off-shore wind development, this magnitude of development is unlikely to
occur in North Carolina. In other words, if the State opposed the development of off-shore wind
projects, a 10% RPS is likely not achievable, unless energy efficiency is in the mix.
Furthermore, development of wind on such a large scale would require transmission investments
along transmission “trunks” to bring wind energy from remote regions to serve load. The cost of
such transmission is not included in this study because it requires a thorough analysis of the
utilities’ existing transmission systems and the associated costs are highly site specific.

If energy efficiency is included in an RPS to meet 25% of the targets, off-shore wind projects
would not need to be developed, as long as the Expanded Resource definition is applied.
Additionally, on-shore resources would not need to be completely developed, putting less
pressure on supply costs.

Figure 17

Resource Mix (after 10 years) for Scenarios Tested
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6.2 North Carolina’s Marginal Avoided Energy Costs

As mentioned previously, even though some of the renewable generation for the RPS does not
provide capacity value, energy may be produced in excess of the State’s incremental energy
needs (see example below in which excess energy offset some of the marginal generation in the
conventional generation). Any of the excess energy that is generated as a result of the alternate
portfolio is assumed to reduce generation from existing resources, similar to today’s avoided cost
calculation. For this excess (or short) energy, the avoided cost is assumed to equal marginal

energy costs (without capacity value); this would be used to reduce the incremental cost of a
renewables portfolio.

Figure 18

Example of Portfolio Comparison of Capacity and Energy Needs for
North Carolina
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The calculation of marginal cost resembles that of the utilities” filed avoided costs based on fuel
prices assumed for conventional resources. In the graph below, both the Base and High Fuel

prices are shown. The total avoided energy costs below do not include capacity value. They
represent energy only.
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Figure 19
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6.3 Combined Rate Impact for RPS Scenarios

The annual incremental rate impacts (cents’/lkWh) for the six scenarios are presented below; we
derived these by dividing annual incremental costs by the expected total retail energy sales in the
State for each year. RPS supply cost impacts increase over time as a result of both the increase
in annual requirements and the higher cost resources being utilized in later years. However, the
inclusion of energy efficiency programs produces slightly higher rate impacts in the beginning of
an RPS and lower impacts thereafter. Based on each utility’s current retail rates, the percentage
impact would vary from utility to utility. Also, the long-term rate impact after 2017 would be

similar to the levels shown in the final year of the RPS, assuming no additional renewable
projects are built.

The actual year-by-year costs and rate impacts will depend on the types of resources that
respond to the RPS each year, the level of competition among resource providers, and the degree
of technology cost reductions over time.

It is important to point out here that the rate impact calculated in the scenarios with energy
efficiency also takes into account two consequences that the reduction in total retail sales has on
rates: (1) the denominator used to calculate incremental rate impact, the forecasted annual retail
electric sales, is reduced, and (2) the fixed cost portion of retail rates would still need to be
recovered despite a reduction in demand. The analysis assumes that the fixed cost portion of
rates is approximately 5 cents per kWh. Therefore, while total portfolio costs and energy
demand may be lower, there may still be rate increases per kWh.
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Figure 20

Annual Rate Impact of 5% RPS Scenarios
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Annual Rate Impact of 10% RPS Scenarios
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We also present the total 10- and 20-year NPV impact for each of the scenarios, since much of
renewable contract costs are incurred after the ten-year RPS ramp-up period. (Detailed annual

costs can be found in Appendix F.) The assumed discount rate is 10%.

Table 14: Total Incremental Cost Over 10 Years in NPV

: ' 10-year NPV ($million)
RPS Resources Utility = .| Alternate | Net Incremental
Scenario , S Portfolio | Portfolio | . Cost (with
s : . -]"Marginal Energy) |
5% by 1. NCGP $7,646 $375
2017 11. Expanded $7,484 $204
I11. Plus Ener
Efficiency 7 $7,028 $7,024 ($95)
10% by 1. NCGP $8,983 $1,381
2017 11. Expanded $8,281 $787
I11. Plus Energy
Efficiency $6,973 ($177)

Table 15: Total Incremental Cost Over 20 Years in NPV

,’ L , , ~ 20-—year NPV ($million)
~ 'RPS: | ResOurces . kUtihty | ‘Alternate Net Incremental

Scenarlo L . ‘Pok,rtfdylid Portfolio' : Cost (with
e Slgeniao s ey Margmal Energy)
5% by I. NCGP $16,036 $727
2017 11. Expanded $15,653 $319
IIL_ f’lus Energy $14,837 ($476)
Efficiency $15,051
10% by 1. NCGP ! $18,492 $2,691
2017 1I. Expanded $17,286 $1,597
III. Plus Energy $15,041 ($577)

Efficiency

&
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Figure 22

Total Cost for RPS Scenarios
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6.4 Sensitivities
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Along with the scenarios tested above, the Advisory Group was also interested in the impact of

different sensitivities.

We selected the 5% RPS with NCGP resources as the Base Case with

which to test sensitivities. The graph below shows the change in 20-year NPV relative to the 20-
year NPV of the Base Case (a $727 million increase) for each of the sensitivities. For example,
if the PTC is not renewed after the first five years of the RPS, this increases the cost by $308
million over the Base Case (producing a total increase of $1.035 billion).
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Figure 23

20-yr NPV Differential of Sensitivities and Reference Case
(5% NCGP 20-yr NPV $727 million )

20-year NPV Difference ($million)

$800

($1,000)  ($800) ($600) ($400) ($200) $0 $200 $400 $600
NCGP No Co-Firing [ %379
($409) | & ~ } Expanded Renewables
($575) | L : | Expanded with No Co-Firing

NoPTC AfterYear5 [ ] 308

PV Muttiplier (3.5x) | (No Change)

8194 [ High Fuel Prices

Low Nuclear Cost | L e |$493

($73)| o .. .| High Nuclear Cost

The sensitivities tested include the following:

No Co-firing: Since co-firing does not contribute to incremental capacity or energy

needs, we tested the exclusion of co-firing from both the NCGP and Expanded
Resource Cases.

PTC Expiration: In the scenarios, the PTC was assumed to continue for new
facilities throughout the 10-year RPS study period. However, the renewal of the PTC

is uncertain, so we tested a case in which the PTC is not renewed after the first five
years of the RPS.

PV Multiplier: Solar photovoltaic technologies are not directly competitive with
other renewable energy options for per unit of energy generated, but there are
additional benefits of promoting PV installations that can justify the use of a
multiplier for PV resources. A multiplier means that for each unit of energy
purchased from a particular resource, its contribution to meeting an RPS is, in this
case, 3.5 times that of other resources.

High Fuel: There is great uncertainty around the future cost of fossil fuels. The
Base Case assumed a moderate view of future fuel costs for North Carolina utilities
with coal at $2.75/mmbtu (20068) and natural gas at $8.00/mmbtu (2006%), both
increasing with an assumed inflation of 2.5%. However, as the past few years have
demonstrated, fuel costs have been on the rise at a rate greater than inflation. There is
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a risk that fuel costs may continue into the future at prices resembling recent highs of
$3.25/mmbtu (coal) and $10.00/mmbtu (natural gas). This sensitivity reflects those
higher prices and renewables” role as a hedge against some fuel price increases.

= High and Low Cost Nuclear: While Duke Energy, in its 2006 IRP, had included
nuclear additions of 617 MW in 2016 and another 1,117 MW in 2017, the
controversy regarding the feasibility of development of nuclear projects in North
Carolina and associated nuclear costs are on-going and, thus, difficult to properly
model. In this sensitivity, we compare the relative impact of an RPS, dependent on
the assumed cost of a nuclear plant in 20068, whether it is the average estimated cost
for hypothetical nuclear projects ($2,000/kW) or potentially double that due to cost
overruns ($4,000/kW). The displaced unitis a 1,117 MW unit in 2017, the last year
of the RPS study period, but 750 MW of natural gas combined-cycle (intermediate
generation) would be needed to make-up any energy and capacity shortfalls.
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7. Non-Energy Related Benefits

Aside from examining rate impacts to the State, this Report also considers other benefits related
to an RPS. The primary areas of focus include:

= State economic development and impact.
= Environmental impact.

*  Portfolio diversification benefits.

7.1 State Economic Impact Analysis

The economic impact of an RPS on a state’s economy is two-fold. On one hand, as presented in
the previous section, there are potential increases to electricity rates for end-users associated with
having an RPS, which may have some negative economic impact in the form of reduced electric
demand and some job reductions as a result of higher cost of living. On the other hand, jobs
related to construction, installation, and operations of renewable energy generation may increase
the amount of jobs available since several studies have concluded that the in-state job benefits
resulting from renewables development are greater per MW than for conventional generation.

There are two primary sources of job creation in-state. Typically, the construction, operations
and maintenance related to smaller projects are higher for each unit of energy generated relative
to larger conventional resources. Secondly, for renewable projects that require fuel inputs, the

fuel is locally sourced rather than imported from out-of-state. Therefore, the economic benefit
remains primarily within the state.

For this analysis, we assessed the economic impact from increased electricity rates and the net
positive impact through job creation and local fuel sourcing for North Carolina as a result of the
development of renewable energy facilities and the implementation of energy efficiency
programs. IMPLAN, an input-output economic model, was used to assess the economic impacts
of renewable energy development in the State of North Carolina.'® (For additional discussion of
IMPLAN, see Appendix H.) Similar to the cost impact analysis, we examined the net change in
economic and job impacts as a comparison between a Utilities” Portfolio and Alternate RPS
Portfolios. Though results are shown for the six scenarios and some of the sensitivity analyses,

the focus in this section is on two scenarios: (1) a 5% RPS with NCGP resources; and (2) a 10%
RPS with Expanded Resources Plus Energy Efficiency.

108 The USDA Forest Service in the mid-70s developed IMPLAN for community impact analysis. The current IMPLAN input-output database
and model is maintained and sold by MIG, Inc. (Minnesota IMPLAN Group). Over 1,500 clients across the country use the IMPLAN model,

making the results acceptable in inter-agency analysis. GDS Associates, a subcontractor to La Capra Associates for this study, is a registered
and licensed user of the IMPLAN model
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In general, the results indicate the following:

The increase in rates due to an RPS has minimal impact on electricity demand, since
the elasticity of demand was found to be negative 0.01 (for every 1 percent increase
in electricity rates, there is a 0.01 percent decline in demand).

For the 5% NCGP Scenario, job losses due to rate increases totaled about 16,000 job-
years which is offset by an increase of renewables-related jobs of about 38,000 job-
years. The total net increase is 22,000 job-years over 20 years and takes into account
the displacement of some new coal and combustion-turbine generation. The net
increase is primarily attributed to sourcing biomass fuel from within the State.

For the 10% Expanded Resources Plus Energy Efficiency case, rate increases are
balanced by decreases in total demand; thus, total energy expenditures do not
necessarily increase. Therefore, we assumed that there are no job losses associated
with rate increases. The net increase of RPS related jobs, including energy efficiency
jobs, total 54,000 job-years over 20 years, or an annual average of about 2,700.
Again, the net increase is primarily due to sourcing biomass fuel from within the
State and installation/administration of energy efficiency measures.

Solar PV and anaerobic digesters create the most jobs per MW because of the
relatively small size of each installation and the larger portion of the installation cost
attributable to labor.

Biomass wood generation and co-firing create the next most jobs, primarily from
sourcing biomass fuel from within North Carolina.

Wind and hydro generation do not provide as many jobs per MW of capacity as other
renewable resources because they do not require a fuel input and have much lower
capacity factors than other baseload resources. However, if the capacity factor of the
resources were taken into account, the job impact per equivalent MW would be about
three times higher for wind and two times higher for hydro.

Economic Impact of Rate Increases

To assess the economic impact of increases in the price of electricity due to the implementation

of a Renewable Portfolio Standard in North Carolina, we used the following analytical
procedure:

Using the cost impact analysis derived previously, we adjusted the base case forecast
of the demand for electricity to reflect impacts due to electricity price elasticity.

The long term electricity price elasticity for North Carolina used in this study was
determined by the North Carolina Department of Commerce using the Regional
Economic Models Inc (REMI) economic model. The long-term electricity price
elasticity is estimated to be negative 0.01 (for a one percent increase in the price of

electricity, overall consumption of electricity in North Carolina declines by 0.01
percent).
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In the residential sector, higher electricity prices cause electric bills to be higher, and,
thus, disposable household personal income to be lower. Based on the long term

electricity price elasticity for North Carolina, the increase in expenditures for

electricity, the decrease in electricity sales, and the decrease in disposable household
personal income were calculated. The decreased personal income was then entered

into the IMPLAN model to determine jobs lost due to less spending in the local
economy.

In the business sector, higher electricity prices may result in several behaviors from
businesses. With the price elasticity being relatively low, businesses are not very
sensitive to small changes in electricity prices, so a change in direct demand for
electricity would be less likely. Instead, we assumed that businesses would pay the
higher prices and have less money to spend on other goods and services. The
additional cost of electricity was entered into the IMPLAN model to determine the
number of indirect jobs lost through less spending on other products by businesses.

Given that energy efficiency reduces overall cost of an RPS and the increase in rates
as observed previously are offset by a decrease in total energy demand, it is assumed

that there is no job reduction as a result of rate increases from the RPS scenarios with
energy efficiency.

The estimated net increases in retail price of electricity due to the various RPS portfolios tested

are displayed in Table 16. The job-years impacts assumed these price increases over a twenty-

The losses are estimated based on reduced personal disposable income for
households and less income to spend on other goods and services for business and local
government. IMPLAN’s databases included personal consumption patterns that were used to
estimate the job-years lost due to price increase.

Table 16: Job-Years Lost Through Price Impacts of RPS Over 20 Years

5% NCGP 0.056¢ 4,254 11,924 16,178
5% Expanded 0.015¢ 1,144 3,214 4,358
5% With EE 0.000¢ 0 0 0
10% NCGP 0.237¢ 17,866 50,080 67,946
10% Expanded 0.146¢ 11,022 30,898 41,920
10% With EE 0.000¢ 0 0 0

* 1 person working for twenty years equates to twenty job-years
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Figure 24
Job-Years Lost From Price Impacts
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Job Creation and Multiplier Effect

The IMPLAN model was utilized to measure job impacts in two ways: 1) the average expected
jobs per MW produced by construction and operation (O&M) of various resources; and 2) the
net job impact of the RPS Alternative Portfolios versus the conventional Utilities’ Portfolio. The
first output provides comparative job impacts between resources. The latter demonstrates the
effective net gain or loss of jobs due to implementation of the RPS in lieu of a conventional
resource portfolio.

Development of the IMPLAN model inputs required two primary tasks: 1) development of total
construction, operating and maintenance and fuel costs for each resource; and 2) determination
of the amount of these costs that would be spent in North Carolina. Total construction costs are
based on assumptions of installed cost per kW by resource, as presented previously. O&M and
fuel costs are based on assumed capacity factors, heat rates, and fixed and variable costs per unit.
All of these input assumptions were developed outside of the IMPLAN model. For this analysis,
it has been assumed that only the labor portion of construction and O&M for each of the
resources would impact the North Carolina economy, but material and supplies and other capital
expenditures would be made outside of the State and would therefore not impact the local
economy. This is likely a conservative assumption, but it was not possible to properly estimate
how non-labor costs would be distributed within or outside the State, given the construct of the
IMPLAN model.
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The assumed portion of capital and O&M costs that are directly related to labor are provided in
the figure below.

Figure 25
Assumed Labor Portion of Costs by Resource Type
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Since the IMPLAN database does not have customized sectors for renewable energy generation,
general assumptions were made regarding construction and O&M jobs. However, harvesting
and transporting woody fuels would impact the forestry sector as a whole.

= All construction labor spending associated with any of the generation technologies
were assumed to impact the “Other Construction” sector.

= O&M labor spending for most generation technologies was assumed to impact the
“Power Generation and Supply Sector,” with the exception that anaerobic digester
O&M at hog farms would likely impact the “Animal Production” sector instead.

v Fuel input costs for biomass co-firing and biomass wood resources would directly
contribute to the North Carolina’s economy as a result of a strong logging industry
presence and the assumption that biomass resources would be sourced from within
the State. Therefore, much of the biomass fuel expenditures were assumed to benefit
the “Logging and Forestry Sector.” Ten percent of the cost of biomass fuels,
representing diesel fuel used in hauling and transporting the biomass, was assumed to
be leakage.'”

= Another fuel source, poultry litter, can also be sourced completely from in-state
poultry farms, but the jobs created through transportation of the resource to potential

109 | eakages are payments made for imported goods or to sectors which do not in turn re-spend the dollars within the state. Leaked dollars
therefore can have no impact on the local economy
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biomass plants would likely offset existing jobs related to waste management and
field application of poultry litter (see Appendix E). Therefore, transportation of
poultry litter fuel was assumed to have no net impact on the State economy and jobs.

Fuel costs associated with conventional fossil fuel resources are assumed to have no
impact on the State as coal and natural gas would need to be imported and there is no
in-state extraction activity of these fuels. It was assumed that the transportation of
conventional fuels within the State would not contribute to the local economy in
terms of jobs, since the payments for delivery of conventional fuels are often paid to
entities outside of North Carolina.

Labor associated with the administration of an energy efficiency program was
assigned to the “Power Generation and Supply Sector.”

50% of the equipment costs related to an energy efficiency program was assumed to
impact the “Wholesale Trade” sector. The remaining 50% of costs was assumed to
impact the “Building Material and Garden Supply Stores” retail sector.

The IMPLAN model then estimated the jobs created within each sector in three ways. The direct
jobs are those jobs created for the impacted industry. Indirect jobs are estimated using state-
specific multipliers to estimate the impact on other sectors by the increase in direct jobs. Finally,
induced jobs are those jobs generated by the fact that local households have more disposable
income available for personal consumption due to increased economic activity.

The IMPLAN model provides job impacts for a single expenditure in a single year. The ratio of
indirect and induced jobs to direct jobs varies by the industry impacted as shown below.
Table 17 shows the relationship between direct and indirect plus induced jobs for the various
sectors used in this impact analysis. The first three sectors (Other New Construction, Power
Generation & Supply, and Animal Production) show impacts of labor-related costs only, so the
indirect jobs effect tend to be lower. In other words, the direct industry’s use of money to
purchase goods and services are assumed not to have indirect impact on jobs. The Logging and
Forestry Sector has greater impact on indirect and induced jobs because much of the fuel
expenditures for biomass contribute directly to the Sector as a whole, not just for labor-related
costs. The Wholesale Trade and Building Material and Garden Supply Store sectors include
indirect and induced effects because energy efficiency equipment is being purchased from those
sectors, therefore impacts are not exclusively related to labor.

Table 17: Relationship of Direct Jobs to Indirect and Induced
Jobs by industrial Sector

Othe‘r New Constructi‘bh 0.28

1
Power Generation & Supply 1 0.81
Animal Production Excl Cattie & Poultry 1 0.31
Logging & Forestry 1 1.10
Wholesale Trade 1 0.36

Building Material & Garden Supply Stores 1 0.71
Interpretation: For every direct labor job created in the Other New Construction
sector, 0.28 additional jobs are created through indirect and induced means
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Since lead times on construction vary by generation technology, we converted the jobs from
IMPLAN output into job-years to facilitate comparison. For example, one person working for
one year represents one job-year and one person working for twenty years represents twenty job-
years. For the construction estimates, the jobs provided by IMPLAN are in job-years, since total
construction costs are input into the software. For ongoing O&M and fuel costs, we assumed
twenty years of operations afier completion of construction to measure job impacts over time.
Therefore, single year jobs output by IMPLAN were multiplied by twenty to convert O&M and
fuel related jobs to job-years. The results in job-years per MW by resource are provided in
Figure 26, assuming a twenty-year operations horizon for O&M and fuel. The job-years impact
from operations would be greater if the years of operation were extended, and less if the years
were shortened.

Figure 26
Job-Years per MW by Resource Type
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From these individual resource assessments, we can conclude the following:

= Solar PV and anaerobic digesters create the most jobs per MW because of the
relatively small size of each installation and the larger portion of the installation cost
is attributable to labor.

=  Biomass wood generation and co-firing create the next most jobs, primarily from
sourcing fuel from within the State.

= Wind and hydro generation do not provide as many jobs per MW as other renewable

resources because they do not require a fuel input and have much lower capacity
factor than other baseload resources. However, if the capacity factor of the resources
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were taken into account, the job impact per equivalent MW would be more significant
for wind and hydro resources (see Appendix E for more detail).

= Coal generation actually creates more construction job-years per MW than most other
generation technologies (except for solar PV and anaerobic digesters) primarily
because the construction time frame for coal generation is 4-5 years compared to
much shorter construction lead times for renewables. For example, wind projects
take 6-9 months, landfill gas take 3-4 months, and even greenfield biomass projects
are expected to take about 2-2.5 years.

To assess the overall impact of an RPS, the jobs generated by the RPS portfolio were compared
to the jobs generated by the Utilities” Portfolio. The total job impacts were estimated for the mix
of resources from the RPS Alternative Portfolios using the methodology described above for
individual resources. Furthermore, due to the net increase in electricity prices from the RPS
scenarios, some loss of jobs was included, as described in the previous section.

The figure below shows the net increase in job-years related to renewable generation for the 5%
NCGP Portfolio, a net decrease in job-years related to displacement of coal and combustion
turbines (plus addition of combined-cycle units), job-years lost due to rate impact, and finally the
net change of the combined impacts. The 5% NCGP RPS produces a net gain for the North
Carolina economy of about 22,000 job-years over a twenty-year operating time frame or, on
average, about 1,100 jobs per year. The 5% NCGP portfolio job impact comparison is exhibited
below.

Figure 27
Net Job Impact in Job-Years for 5% NCGP RPS Portfolio
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Figure 28
Net Job Impact in Job-Years for 10% Expanded with Energy Efficiency
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Since the 10% Expanded Resources Plus Energy Efficiency Scenario (Figure 28) does not have

negative job impacts from rates, the total net job impacts is over 54,000 job-years, or over 2,700
jobs annually.

Table 18 and Figure 29 summarize the comparative results for the RPS Alternative Portfolios

examined (over a twenty-year horizon). Figure 30 shows results from some of the sensitivities
tested.

Table 18: Net Job-Years Gained/(Lost) by RPS Portfolio Compared to
Utilities’ Portfolio

5% NCGP 61,362 23,176 16,178 ~ 22,008

5% Expanded 47,636 21,314 4,358 21,964
5% With EE 53,761 23,176 0 30,585
10% NCGP 102,971 40,507 67,946 (5,482)
10% Expanded 101,264 40,507 41,920 18,837
10% With EE 99,505 45,162 0 54,343
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Figure 29
Net Job-Years Gained by Scenario
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Net Job-Years Gained For Sensitivities
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Other Economic Benefits

Depending on the renewable resource, there are additional economic benefits that are not
captured in the IMPLAN model. Local communities should receive increased property tax
revenues, as many of the renewable generation resources discussed have higher capital costs per
MW associated with capital equipment relative to conventional generation. Additionally, wind
projects and landfill gas projects often provide lease payments to local landowners or landfill
operators for the use of the sites.

Below is an illustrative comparison that shows property tax revenues for communities are likely
to increase as a result of an RPS. The table below shows the potential property tax revenue
increase in the first year of installation of both renewable and conventional generation, in Net
Present Value. Tax revenues are greater for renewables generally because much of the project
costs are related to capital expenditures, so the value of a project used in calculating taxes is
greater per MW. Only the first year of tax revenues is shown because depreciation and property
tax assessments will vary by county after the first year. These scenarios represent a 6% to 54%
increase in potential tax revenues for communities relative to the Utility Portfolio. An added
benefit is that renewables development may be more dispersed around the State relative to large
generation installations, so more counties can benefit from receiving property tax revenues from
renewable energy projects.

The inclusion of energy efficiency programs would, of course, decrease the amount of

renewables installed, and thus the property tax revenue benefit is not as great, but still
significant.

Table 19: NPV of Property Tax Revenues ($million) for First Year of Installations''°

1. NCGP (5%) $78.0 $7.9 11%

II. Expanded (5%) $82.6 $12.5 18%
IT1. Plus EE (5%) $70.1 $74.5 $4.3 6%
I. NCGP (10%) $108.2 $38.0 54%
I1. Expanded (10%) $106.4 $36.3 52%
1. Plus EE (10%) $84.7 $14.6 21%

Finally, the economic impact analysis assumes no in-state manufacturing of any of the renewable
technologies within the State. Currently, North Carolina appears to have virtually no renewable
technology manufacturers, though there are a few engineering/technology development
companies that may benefit from an RPS. If North Carolina can promote itself as a renewables
technology manufacturer, as well, the jobs impact can potentially be much greater.

"9 This assumes a tax rate of $1 03 per $100 property value. This is the 2006 arithmetic average of all county/municipal property tax rates in
North Carolina. The actual property taxes range between $0 26 and $1.90 per $100 in assessed value
<http://Iwww.dor state nc us/publications/propertyrates htmi>
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7.2 Environmental Impact

Environmental impact of renewable energy generation can be examined in relative terms to
conventional generation resources since renewable energy generation displaces the need for
some conventional generation. The potential benefits or avoided environmental costs can fall
into the following categories: air quality, greenhouse gases, water quality, land usage, fuel
extraction, and waste generation. Many studies have attempted to quantify, in economic terms,
these environmental benefits or “externalities,” but reviews of such studies found results that
differed by several orders of magnitude.''' In this discussion, the impact is presented in relative
terms only. Below is a matrix contrasting the adverse environmental impacts of conventional
technologies and renewables using indicators as follows: none, low, medium, and high. As
shown, renewable energy resources have lower overall net environmental impacts than
conventional generators and can often help reduce overall emissions for a state. [Including
energy efficiency programs will have no adverse impact on the environment since these
programs reduce the need for electricity generation, which would have the best environmental
result relative to any form of generation. The table below summarizes the comparison of
environmental impact between conventional generation and renewables. Keep in mind that the
utilities’ portfolios presented in their 2006 IRPs propose additions of coal, gas combustion-
turbines, and nuclear facilities.

Table 20: Comparison of Adverse Environmental Impacts

' 'Coynventiona‘lyl‘?{ﬁéré.ources '
Coal Med to High High High Med High Low to Med
Natural Gas Low to
(CCGT/CT) L.ow to Med Med Low to Med Med Med Low
Nuclear None None High High High High

Renewable Resources

Wind None None None L(;av;;:o None None
Hydro None None Med Mﬁggo None None
Solar None None None N?\;w:dto None None
Biomass None Low to Low
(wood) Med (neutral) Low to Med Med Low (fertilizer)
Biomass

None Low to Low
(_poultry Med (neutral) Low to Med Med Low (fertilizer)
litter)

. None
Landfill Gas Med - None None None None
(net positive)

. None
Anaerobic None "
Digester Med (net positive) None Low None (p?i;gve
Energy
Efficiency None None None None None None

M “Economic Impact Analysis of New Jersey's Proposed 20% Renewable Portfolio Standard,” Rutgers University, 2004

La Capra Associates Team 77

Page 96 of 154



Case No. 2007-00477
Attach. STAFF-DR-006(b)(2)

ANALYSIS OF A RENEWABLE PORTFOLIO STANDARD
FOR THE STATE OF NORTH CAROLINA

Air Quality

By introducing 5% to 10% RPS targets, the State may be able to avoid certain amounts of
emissions that would have resulted from conventional fossil-fuel plants’ generation. Reduction
of such emission may help the State address issues related to regional haze, ozone, toxicity and
health affects. The role of renewables in this regulatory environment is to both help a state meet

the lower targets overall and to displace generation that would otherwise contribute to additional
emissions.

Existing Regulations

Several federal and state regulatory standards require emissions reductions. To start, the EPA
sets national air quality standards for the following criteria pollutants:''? ozone, sulfur dioxide
(SO3y), carbon monoxide (CO), nitrogen oxides (NOy), particulate matter (PM), and lead.
Recently issued CAIR'" rules would significantly reduce sulfur dioxide and nitrogen oxide,'"
major contributors to ozone and regional haze caused by particulate matter (PM), which are
major issues in non-attainment zones in North Carolina. Recently, the federal government also

issued the Clean Air Mercury Rule'' that would require a 70% reduction of mercury emission,
considered a toxic gas, from electric plants.
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involves the installation of emissions controls within the required time frame.

An important feature of the Clean Smokestacks Act is that North Carolina's two largest electric utilities,
Duke Power Co. and Progress Energy Corp. (formerly known as Carolina Power & Light), must achieve

trading emissions credits from utilities in other states, as allowed under federal regulations. The
utilities also cannot sell credits for their emissions cuts, ensuring that utilities in neighboring states
don't negate the gains achieved in North Carolina by purchasing the rights to increase or to avoid

resulted from negotiations that would freeze electric rates for five years while allowing utilities to
accelerate the write off of their costs for installing new pollution controls - estimated at $2.3 billion.

In June 2002, the North Carolina General Assembly enacted the Clean Smokestacks Act, officially
titled the Air Quality/Electric Utilities Bill (SB 1078), requiring significant emissions reductions from
coal-fired power plants in the state. Under the act, power plants must reduce their NO, emissions by
77 percent by 2009 and their SO, emissions by 73 percent by 2013. Under the legislation, power
companies must reduce their NO, emissions year-round, not just during the ozone season in the
warmer months, as under federal requirements. Each utility must file an emissions reduction plan that

these emissions cuts through actual reductions at their 14 power plants in the State - not by buying or

controlling their own emissions. An agreement between stakeholders to allow the passage of the Act

112 Criteria pollutants or common pollutants are pollutants for which EPA has set national air quality standards.

113 On March 10, 2005, EPA issued the Clean Air Interstate Rule (CAIR). CAIR will permanently cap emissions of sulfur dioxide (SO2) and
nitrogen oxides (NOx) in the eastern United States CAIR achieves large reductions of SOz and/or NO, emissions across 28 eastern states
(including North Carolina) and the District of Columbia. When fully implemented, CAIR will reduce SOz emissions in these states by over 70
percent and NOx emissions by over 60 percent from 2003 levels.

14 Sulfur dioxide (SOz) and nitrogen oxides (NOx) contribute to the formation of fine particles (PM), and NOx contributes to the formation of

ground-level ozone. Generators are required to have an adequate amount of allowances for these two types of emissions, which are both
traded under cap-and-trade programs

15 A closely related action to CAIR is the EPA Clean Air Mercury Rule, the first ever federally-mandated requirements that coal-fired electric
utilities reduce their emissions of mercury. Taken together, the recently issued Clean Air Interstate Rule and the new Clean Air Mercury Rule
will reduce electric utility mercury emissions by nearly 70 percent from 1999 levels when fully implemented. The rule creates a market-based

cap-and-trade program that will permanently cap utility mercury emissions in two phases the first phase cap is 38 tons beginning in 2010, with
a final cap set at 15 tons beginning in 2018
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In general, new natural gas-fired plants and new coal plants would require control equipment to
meet Lowest Available Emissions Rate (LAER) or Best Available Control Technology (BACT)
levels. Under the Clean Smokestacks Act, existing coal plants will also need to retrofit with
emissions controls and drastically reduce their current emissions. Of the conventional utility
generation options, only nuclear does not produce any criteria air emissions or mercury.

Role of Renewables

Keeping in mind these national and state mandated reductions for certain types of emissions in
the future, electricity generated from most renewable generators as part of an RPS will go to help
the State meet the reductions or help reduce emissions further. In doing so, renewable energy
may be able to displace some conventional generators’ emissions, whether at existing or new
plants, but will depend on whether the technology has associated emissions.

It is difficult to estimate the avoided emissions resulting from an RPS, since new renewable
generation will primarily displace the emissions of new conventional generation that have not
been built. New generation must undergo New Source Review where Lowest Available
Emissions Rate (LAER) or Best Available Control Technology (BACT) levels are required. The
resulting displacement may be less than historical levels or that of existing plants, as they are
required to meet more stringent emission standards. Nonetheless, new generation typically must
acquire (either through purchase or shut-down of another emitting source) emissions allowances
for SO, and NOy for all its anticipated emissions. Thus, in addition to avoided emissions, there
is an avoided emissions cost to displacing new generation.

Renewable generation from wind, hydro, and solar produces no emissions at all. Smaller
generators (internal combustion engines or gas turbines) burning landfill gas and anaerobic

digesters do have emissions, primarily NOy and carbon monoxide, since these smaller engines
have different standards to follow.

Additionally, firing biomass, even assuming BACT, will produce emissions, primarily NOx and
particulate matter, at levels similar to new coal plants with applicable emissions controls.
However, wood as a fuel input does not contain much sulfur, unlike coal and oil-fired generation,
and thus has lower sulfur dioxide emissions. Additionally, co-firing of biomass wood in existing
coal plants may help reduce total emissions for the existing facilities. Below is a comparison of
emission rates collected from several sources of information. As one can see, BACT and LAER
levels for new plants are much lower than historical averages for North Carolina.
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Table 21: Comparison of Emissions Rates

Ibs/MWh | lbs/MWh Ibs/MWh
EPA 2000 North Carolina Average 2.9 7.6 1293
EIA 2004 North Carolina Average 2.0 7.9 1267
Coal LAER!!® 0.6-0.9 | 0.9-2.2 N/A
Biomass BACTY/ 1.0 0.3 carbon neutral

Greenhouse Gases

Addressing greenhouse gases related to climate change, including carbon dioxide, is an emerging
issue that has not yet been federally regulated. Despite the lack of federal mandates, several
states''® are planning to adopt, or have adopted, greenhouse gas or carbon dioxide reduction
targets. Likewise, North Carolina has convened a task force, the Climate Action Plan Advisory
Group (CAPAG), to make recommendations related to measures for reducing greenhouse gas
emissions and sequestering or removing such gases from the atmosphere.'”  Renewable
generation may help North Carolina -meet its future Climate Change plans. Without
sequestration,120 conventional fossil-fuel generation cannot reduce carbon dioxide emissions,
except through efficiency improvements to some extent. Of the conventional utility generation
options, only nuclear does not produce any carbon dioxide.

In the future, there is a potential risk of increased costs associated with carbon dioxide emissions
from fossil-based generation. The estimated costs for carbon range between $1/ton (under
RGGI) to about $25/ton'?" (under the Kyoto Protocol). Currently, North Carolina utilities do not
appear to include potential CO, emissions costs in the initial filtering of resources in their IRP
process, > so there is no actual value associated with CO; for North Carolina currently.

Renewable generation can be a major contributor to greenhouse gas reduction or mitigation
goals. As mentioned previously, wind, hydro, and solar do not produce any emissions. Every
megawatt-hour generated from these resources can displace an equivalent amount from a carbon
emitting generation resource. Biomass (wood) resources may also be considered carbon neutral
since it is generally accepted that an equivalent amount of carbon dioxide is absorbed by plants

"8 AER gathered from recent permits for coal plants in EPA's RACT/BACT/LAER Clearinghouse (RBLC) database. Permit feveis were set in
Ibs/mmbtu which were then converted fo Ibs/MWh using 9,100 btu/kWh heat rate

"7 Draft BACT Guidelines for Biomass Projects,” Massachusetts Department of Environmental Protection (Memorandum to RPS
Stakeholders), June 23, 2006. <http/iwww mass gov/dep/airlaws/biombact.pdf>

118 Seven northeastern and mid-Atlantic states (Connecticut, Delaware, Maine, New Hampshire, New Jersey, New York, and Vermont) are
collaborating on a Regional Greenhouse Gas Initiative {RGGI) to reduce greenhouse gases to 1990 levels through a cap-and-trade program for
the region  Similarly, California has just adopted a cap-and-trade program for greenhouse gases also.

19 CAPAG is run by Department of Environment and Naturai Resources  There is a separate Global Climate Change Commission convened
by the legislature that is also examining climate change issues

120 Carbon sequestration is the term describing processes that remove carbon from the atmosphere. A variety of means of artificially capturing
and storing carbon, as well as of enhancing natural sequestration processes, are being explored.

124 |n early May, EU 2008 futures were around €20-€24/tonne {metric) or about $23-$28fton (U S) “State and Trend of the Carbon Market
2006,” World Bank.

122 Duke Energy did run sensitivities that included carbon taxes in comparisons of portfolios comprised of conventional generation in its IRP
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as i1s produced during combustion. There is, of course, some time lapse in the cycle between
when the carbon dioxide is produced and when the full amount of emitted carbon dioxide is re-
absorbed. Overall, existing U.S. and international carbon credit programs recognize that biomass

resources are carbon-neutral, as long as the fuel is harvested in a “sustainable” manner as defined
by each program.

Finally, as mentioned previously, landfill gas and anaerobic digesters actually provide positive
net benefits in reducing greenhouse gases by burning methane produced from the decomposition
of waste products. Since the fuel input is mainly methane from landfills, it has the added benefit
of converting a potent greenhouse gas'> to a lesser form of greenhouse gas — carbon dioxide.
Current landfill regulations require collection and flaring of landfill gas for landfills of a certain
size, but the heat energy generated may not be utilized. Likewise, anaerobic digesters have the
same ability to isolate methane from animal waste and convert it to carbon dioxide when fired in
a combustion engine or other energy conversion technologies.

In the table below, the minimum amount of carbon dioxide displacement from the scenarios
presented previously is based on only the net change in new conventional resources. The carbon
dioxide displacement per year could be over 7.2 million tons per year with a 5% RPS and 13.6
million tons per year with a 10% RPS. This assumes all renewable generation is non-emitting or
carbon-neutral, but does not take into account the additional benefits of converting methane
Jrom landfill gas and anaerobic digesters to carbon dioxide or biomass co-firing benefits. The
example below also does not account for the additional displacement of marginal generation as
was developed in the Rate Impact Analysis.

Based on the range of potential future carbon costs, the carbon benefits may be $7-$180 million
with a 5% RPS to $14-$340 million per year for a 10% RPS. These avoided costs reflect the
portion of the utility portfolio displaced by renewable generation, if the U.S. becomes active
Kyoto participants or carbon costs increase due to some regional/federal requirements.

Table 22: Estimate of Annual Carbon Dioxide Displacement Potential

Net Change in Coal (8.2) (13.8)
Net Change in Combined Cycle 0.9 0.0
Net Change in Combustion

Turbines (0.0) 0.2
Net Change (Reduction) (7.3) (13.6)
Annual CO, Cost @$1/ton ($7,313,150) | ($13,625,850)
Annual CO, Cost @$25/ton ($182,828,747) | ($340,646,247)

123 Every unit of methane has 23 times the Global Warming Potential (GWP) of the same unit of carbon dioxide, so the conversion of methane
to carbon dioxide has significant impact

124 Using EIA carbon content equivalent: coal contains 25.98 million metric tons of carbon per quadrillion btu (23.6 tons per quad) and 14.47
million metric tons per quadrillion btu (13.1 tons per quad). Then, carbon tons were converted to carbon dioxide tons using a multiplier of
3667.

La Capra Associates Team 81

Page 100 of 154



Case No. 2007-00477
Attach. STAFF-DR-006(b)(2)
Page 101 of 154

ANALYSIS OF A RENEWABLE PORTFOLIO STANDARD
FOR THE STATE OF NORTH CAROLINA

Water Usage

Many conventional plants today, with the exception of combustion turbines and some air-cooled
combined-cycle units, require water for cooling purposes. When power plants remove water
from a lake or river, fish and other aquatic life can be killed, affecting animals and people who
depend on these aquatic resources. Additionally, once the water has been passed through boilers
for generation, pollutants and heat build up in the water. When these pollutants and heat reach
certain levels, the water is often discharged into lakes or rivers. While the levels permissible are
regulated by permits, there is still a cumulative effect as a result of water use. Existing coal and
nuclear plants have major water consumption needs for cooling purposes and have issues related
to the discharge of the heated or contaminated water. There are designs for advanced coal and
nuclear plants that employ closed-loop, air-cooled condenser systems that use one-fifth of the

typical amount of water, but there are efficiency losses of 6%-9% and higher capital costs
associated with these systems.

Among the renewable energy options, biomass firing would also require some form of cooling,
but new plants being built today often opt for air-cooling systems. Water will still be required in
the boilers for generating steam. Some new biomass facilities also try to co-locate with
industrial buyers for the thermal/steam output of the plant in a combined heat and power

arrangement. As for wind, solar, landfill gas, and anaerobic digesters, they do not require any
water for cooling.

On the other hand, hydroelectric power plants have a different issue related to water. While
hydro facilities do release water back into rivers after it passes through turbines, this water is not
polluted by the process of creating electricity. Hydro facilities with pondage do have associated
issues, because these hydropower facilities often require the use of dams, which can greatly
affect the flow of rivers, altering ecosystems and affecting the wildlife and people who depend
on those waters. Run-of-river systems and low-head hydro have less damaging effects as they
allow water to pass through without controlling the flow or require a water retention area. Most
of the future hydro development potential in North Carolina are located at existing
impoundments (dams) so would have less of an environmental impact than building new dams.

Land Usage and Fuel Extraction

Land usage can be viewed in a few ways, either through direct impact, footprint, or general
aesthetics.  We also discuss land usage in terms of the fuel extraction impact and physical
location of a facility. First of all, the extraction of conventional fuels (oil, coal, natural gas, and
uranium) has substantial environmental impact on the land itself, which often leads to habitat
destruction and contamination. Furthermore, the processing, transporting and storing of these
fuels can also cause major environmental damage in the form of refinery pollution, pipeline and
oil tanker leaks. Coal, if improperly stored on-site, can contaminate the surrounding land for
decades. Uranium processing produces radioactive wastes that must be adequately stored and
isolated to minimize the risk of radioactive release. Finally, the land on which conventional

plants are built can occupy a considerable footprint, and high smokestacks and cooling towers
contribute to negative aesthetics.
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Many of the renewables resource options presented do not require fuels or they utilize on-site
waste products and, therefore, do not have related fuel extraction issues. Collecting wood
residue from logging operations will have some environmental impact, but the incremental
impact beyond that of a logging operation itself is minor if conducted in a sustainable manner,
such as leaving behind polewood'® for future growth. Since biomass is sourced locally, as
discussed previously, the transportation distances will be relatively short, consuming less fuel for
transportation compared to conventional fuels.

Biomass generation plants do require a footprint similar in size on a per megawatt basis to that of
conventional generation to hold the plant equipment and fuel storage. However, due to the
smaller scale of biomass plants (25-50 MW) compared to conventional baseload generation
(250-2,000 MW), the magnitude of the habitat and aesthetic impact is much less per site.

Wind projects can occupy a large area of land (20 MW per square mile), but landowners can
utilize the land for multiple functions once the turbines are in place. Regarding aesthetics and
habitat impact, wind has become a controversial topic in certain areas of the country where
viewsheds are of concern for local residents. Community opposition has delayed many projects
in these aesthetically sensitive areas, and the issue is no different in North Carolina. In general,
several state and regional surveys have found that a majority of residents in a community often
support wind projects, but the opposing minority voice can often delay or halt a project
regardless. Another reason for opposition is concern with bird migration and bat habitat
disruption. These issues must be addressed by developers on a site-by-site basis, but the protocol
in the wind industry is that if avian and bat studies for a specific site demonstrate a potential
issue for bird and bad species, the project would not likely proceed.

Waste Disposal

Lastly, waste disposal is also a major issue for coal and nuclear plants that most renewable

generation do not face. Conventional plants using natural gas also do not face significant waste
disposal issues.

The burning of coal creates solid waste, called ash, which is composed primarily of metal oxides
and alkali. On average, the ash content of coal is 10 percent. Solid waste is also created at coal
mines when coal is cleaned and at power plants when air pollutants are removed from the stack
gas. Much of this waste is deposited in landfills and abandoned mines, although some amounts
are now being recycled into useful products, such as cement and building materials.

Dealing with nuclear waste poses the biggest environmental issue for nuclear generation. Every
18 to 24 months, nuclear power plants must shut down to remove and replace the “spent”
uranium fuel. This spent fuel has released most of its energy as a result of the fission process and
has become radioactive waste. All of the nuclear power plants in the United States together
produce about 2,000 metric tons per year of radioactive waste. Currently, the radioactive waste is
stored at the nuclear plants at which it is generated, either in steel-lined, concrete vaults filled
with water or in above-ground steel or steel-reinforced concrete containers with steel inner
canisters. In addition to the fuel waste, much of the equipment in the nuclear power plants

"5 Polewood refers to the growing stock of merchantable trees.
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becomes contaminated with radiation and will become radioactive waste after the plant is closed.
These wastes will remain radioactive for many thousands of years. The issues today for nuclear
waste that still need to be resolved relate to long-term waste storage, radioactive waste

transportation, potential of weapons-grade plutonium, national security and spent-fuel
reprocessing.

Many of the renewable resources (solar, wind, hydro) presented do not generate waste, so waste
disposal is not an issue. Anaerobic digesters convert animal waste to more usable forms of
fertilizer that can be applied to agricultural land after the anaerobic process. Biomass firing does
generate ash, but this byproduct is often resold as a soil amendment for agricultural applications.
Unlike coal ash, which may contain toxic metals and other trace contaminants, biomass ash may
be used as a soil amendment to help replenish nutrients removed by harvest.

7.3 Other Benefits

In addition to economic and environmental benefits of an RPS, diversifying a portfolio with
renewable generation can help safeguard a portion of the State’s energy needs from major fuel
price fluctuations or increases. North Carolina has been somewhat insolated from much of this
fuel price volatility, as over 90% of the State’s electricity is supplied from coal or nuclear
generation, for which fuel costs are typically locked in for several years at a time through long-
term contracts., The fuel costs of these sources have escalated in recent years, though not to the
degree of natural gas and oil. However, contract renewals in the future will rely heavily on the
spot market prices at the time of renewal. Furthermore, as North Carolina is not a coal, oil,
natural gas, or uranium producing state, all the fuels are imported from out-of-state.

Many of the renewable generation discussed have no fuel costs associated with the facilities,
except for biomass which includes the cost of collection, processing and transportation of the
fuel. For biomass, while a portion of the total cost is related to diesel prices for transportation,
the overall cost of biomass fuels will not fluctuate as dramatically as national and global energy
markets. Furthermore, as discussed in the economic development section, most of the cost of
procuring the fuel stays within the State’s economy.

Also, issues such as a potential future “carbon tax™ or similar regulation, as well as nuclear waste
disposal costs mean that a large part of the State’s resource portfolio is subject to potentially
substantial risk. Another benefit of renewable energy resources is that their size is more flexible
than conventional power plants both in terms of magnitude and typical development and
construction time frames, so less risk is placed on the success of a few, large-scale projects.
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8. Other RPS Considerations

In addition to identifying the available resources and estimating the economic and environmental
impacts of various portfolio options, the La Capra Team was also engaged to discuss briefly
some key issues associated with the development of renewable energy in North Carolina. These
include existing obstacles to renewable energy development, as well as design and other issues
that are likely to be important if the State decides to adopt an RPS. This section of the Report
highlights these topics for future consideration as appropriate.

8.1 Existing Obstacles to Renewable Energy Development in North
Carolina

In reviewing the current energy landscape, the La Capra Team noted a couple of important

potential barriers to renewable energy development that will need to be considered if the State
pursues an RPS.

= Current wholesale avoided cost levels are not sufficient to bring about new
renewables. Current filed avoided costs are between 4 and 6 cents per kWh for long-
term contracts. While the avoided cost filings apply to resources smaller than 5 MW
and rates for larger units are negotiated between utilities and developers, the contract
rates often reflect avoided cost rates. In the past, renewable projects were able to
receive long-term PURPA contracts at rates above 6 cents per kWh, but current
wholesale commodity electricity revenues appear insufficient to support the
development of new renewables without supplemental revenue streams. 1fan RPS is
implemented, the State will need to consider how best to procure and compensate
renewable energy projects.

= Conflicting interpretations of the Mountain Ridge Protection Act of 1983, more
commonly known as the “Ridge Law,” add substantial uncertainty to large-scale wind
development in the western mountains. To our knowledge, the precise meaning of
the 1983 law, in light of recent developments in wind turbines, has not been
definitively resolved. Accordingly, there is uncertainty and confusion as to whether
this law would bar wind development along North Carolina ridgelines. In order for
wind development to proceed in the mountains in response to an RPS, the State
would need to clarify the law to alleviate this uncertainty.

8.2 Potential RPS Design Considerations

If North Carolina adopts an RPS, it will need to address a number of design issues. Below, we
discuss issues that have arisen in other states during RPS design and implementation and identify
some options for addressing them.

= Applicability: There are a couple of applicability dimensions to consider. A well-
designed RPS would ideally apply equitably to all that benefit from increased
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renewable energy production. However, many states have chosen to deviate from
requiring all load-serving entities or all load to comply with an RPS.

o Many states exempt public utilities, such as municipals and cooperatives, from
a mandatory RPS, though most RPS legislation does suggest these entities
should opt-in or attempt to comply on a voluntary basis. This may depend on
the state or utility commission’s jurisdictional authority over these entities.

o Additionally, in some states, certain customer classes (e.g. Large
Industrial/Commercial) have also been exempt from an RPS requirement
citing undue burden from a business perspective.

Both variations will tend to reduce the overall RPS target, since the percentage targets
are calculated from applicable load. Exemptions of certain load will also unevenly
distribute RPS costs to the customers that are covered by the RPS. The policies
associated with both impacts should be considered as part of any RPS adoption
process.

= Balanced Supply and Demand: An effective RPS will seek to establish
requirements that can reasonably be met. This means that an RPS’s requirements
should be of sufficient size and structure, coupled with appropriate resource eligibility
rules to ensure that the policy will (1) lead to new renewable energy development
without (2) being so restrictive that compliance is not feasible or not cost-effective.

= In the scenarios modeled, three resource options were examined: (1) NCGP-
defined resources; (2) expanded resources; and (3) expanded resources with
energy efficiency. The definition of eligible resources and the RPS target
should take into account cost impacts as well as the types of resources being
encouraged, the need to encourage sufficient competition to produce cost-
effective renewable energy proposals, and infrastructure limitations.

= In this analysis, the focus was on the development of new resources.
However, consideration would need to be given to the existing renewables
base in the State, since these resources may not be sufficiently compensated at
current avoided cost levels or are currently operating under the NCGP
program. NCGP allows projects constructed after January 1, 1997 to qualify
for its mass-market product. In addition, for the large volume product,
existing facilities can also qualify. Since an RPS is usually intended to
develop renewables incremental to a base of existing resources, the treatment
of existing resources in an RPS will be important. Two common solutions
have been proposed to address this: (1) increase the overall RPS target by
starting at a level close to the existing renewables base and escalating from
that point; or (2) develop a second tier requirement with separate standards
that would include existing renewables.

= Stability of Targets: An RPS needs to have sufficient duration and clarity to allow
long-term contracting and financing to occur.
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For example, if there is uncertainty for developers concerning the long-term
RPS requirements, financing a project may be more difficult.

o Likewise, if there is a risk that eligibility rules may change during the course
of an RPS, thus altering the available renewables in the market, the
development and financing community will be hampered in producing
projects.

o Requiring long-term power contracts for these resources will help provide
necessary support for projects.

= Along with long-term contracts, the utilities should be allowed full and timely
cost recovery for prudently incurred costs.

= Resource Eligibility: As noted above, the clear definition of eligible resources is a
very important implementation design issue. Eligibility parameters may include:

eligible fuel inputs or resources, on-line date, compliance with emissions standards,
and resource location.

While this report included energy efficiency measures as a potential resource
option, only four states so far have included energy efficiency as an option to
meet their RPS. If included, energy efficiency measures are sometimes
assigned to a separate tier/class from renewable generation. Often, other
programs are developed alongside an RPS to promote energy efficiency
programs because the administration, tracking, and monitoring of these
programs are quite different than with electric generators and the energy
efficiency measures may be cost-competitive without the need for an RPS.
On the other hand, the State may favor allowing both renewables and energy
efficiency measures to qualify and compete in an RPS in order to administer
an RPS program in the most cost-effective manner.

o An explicit exclusion of out-of-state resources may raise questions under the
Commerce Clause of the U.S. Constitution. Some states have addressed this
issue by specifying that the renewable energy must be physically delivered to
the state or by requiring electrical interconnection to serve load directly in the
state or region. Others have assigned higher multipliers to in-state versus out-
of-state resources so that there is more of an economic incentive to locate
within the state.

= Special Treatment: Depending on the State’s policy objectives, certain resources
may receive preferential or special treatment in the design process. Policy
instruments that have been employed include: multiple resource tier requirements,
multipliers, set-asides, or use of System Benefits Funds (SBF). These concepts are
most applicable if North Carolina has interest in promoting certain renewable
resources, such as solar or anaerobic digesters, that may not be directly cost-
competitive with other renewable resources, but provide ancillary benefits.
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Multiple tiers allow the categorization of certain resources, so their respective
value or benefits are grouped with like resources. Targets are defined
separately for each tier.

@ Multipliers, as described previously, allow utilities to receive additional credit
for certain resources to be applied to the utilities” RPS requirements.

Set-asides refer to a requirement to procure a specific resource to ensure that

resource is in the portfolio mix, irrespective of whether there are more cost-
effective options.

s Lastly, though North Carolina does not currently have a System Benefits
Fund, this option could be considered as a way to help develop emerging
technologies or resources that are not directly cost-competitive.

= Compliance and Alternative Compliance Payments: An effective RPS must be
mandatory and impose some form of alternative compliance payments on load-
serving entities that fail to comply. Adequate flexibility mechanisms for compliance
can help keep customer costs down. One mechanism often used for tracking
compliance is renewable energy credits or certificates (RECs).

o RECs are defined generally as all renewable, environmental and generation
attributes associated with a renewable generator, excluding the energy itself.
RECs allow for easier tracking and the potential transfer of credits between
parties.'” A REC market may not be necessary, but creation of certificates
can facilitate tracking each utility’s compliance, any transfer of credits
between utilities, potential sales of excess renewable energy to PJM, and the
use of credits in the NCGP program to avoid double-counting.

= Another policy that facilitates flexible compliance is the ability for
utilities/L.SEs to “bank” credits. This means if the total output of contracted
renewable resources in one year exceeds that year’s requirement, the excess
can be used to apply to requirements for the following year. Likewise, if the

utility (or LSE) is short one year, it may be able to “borrow” from the
following year’s (or years’) generation.

o Compliance alternatives also need to be clearly described, so utilities/LSEs
have a strong incentive to comply with the requirements. This may come in
the form of Alternative Compliance Payments (ACP), which are paid by the
utility/L.SE for the portion of the RPS requirement it is short. The ACP can
also be set to cap the premium to be paid for renewable resources, thereby
controlling the cost of an RPS. Some states require a review of the situation
by the utilities commission if the utility/LSE is not in compliance.

"2 pJM uses a centralized Generation Attribute Tracking System (GATS) to account for all RECs generated in and around PJM Renewable
projects within North Carolina are contemplating wheeling energy into PJM to sell RECs to meet the RPS of other states within PJM
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= Compatibility with Other State Policies: When implementing an RPS, other
existing and future state programs and policies would also need to be taken into
consideration.

= Some parties have voiced concern that an RPS may displace the need for a
voluntary green program. In review of various RPS states across the country,
this concern has not proven to be justified. Most RPS states continue to have
voluntary green power programs despite the implementation of an RPS, and in
some, the voluntary market thrives even in the presence of an RPS. It is
critical, however, that voluntary green power purchases not be applied
towards meeting the RPS targets, for doing so would undermine the core
motivation for voluntary commitments beyond what would happen in the
absence of that commitment.

o If the objective of an RPS is to help reduce certain emissions, coordination
between the RPS and emissions policies may be needed. For example, if a
cap-and-trade program is established to meet certain emissions targets (e.g.
CAIR, mercury, greenhouse gases), and renewable energy projects receive
offsets or allowances, the sale of those allowances may increase emissions by
allowing another generator to emit, so there may not be a net benefit. Also, if
a REC tracking system is implemented, claims of emissions reductions by
certain resources should not be counted if allowances are resold. There are
other ways to address this, but coordination is critical.

8.3 Additional RPS-Related Considerations

Customer-side Generation: Under current Commission rules, customer-side or on-
site renewable generation that chooses to net-meter cannot sell renewable credits
from non-metered energy from their projects to NCGP (see Appendix I). This is
applicable to generation below 100 kW. This issue may need to be reconsidered if an
RPS is in effect and renewable credits can be procured in a cost-effective manner
from net-metered resources for the entire amount of energy generated. Likewise, if

there is a policy to promote smaller-scale resources, a plan to compensate these
resources would be needed.

Interconnection: Current standard interconnection rules for small generators apply to
resources below 100 kW and require single-phase, inverter-based systems (see
Appendix I). There is uncertainty for projects greater than 100 kW interconnecting at
a distribution-level voltage because the State’s current standard rules are not
applicable to these resources. Additionally, three-phase interconnections are not
encompassed by the standard rules. Expanding standard rules to include projects

greater than 100 kW and address three-phase systems would help small projects in an
RPS context.

=  Transmission Upgrades: In order to accommodate wind and other remotely located
renewable energy resources, transmission expansion needs for these resources should

La Capra Associates Team 89



ANALYSIS OF A RENEWABLE PORTFOLIO STANDARD
FOR THE STATE OF NORTH CAROLINA

be considered. Indeed, the scenarios modeled in this study include between 500 and
2,800 MW of wind project development in North Carolina. To be able to incorporate
this magnitude of wind into the State’s power system will likely require transmission
system upgrades. The current transmission system in North Carolina is limited in its
ability to bring large amounts of energy from remote areas of the State where wind
resources are located to load centers, and there is real concern that 500 to 2,800 MW
of wind can cause reliability problems for the system. This is an issue faced by many
states that are developing wind on a large scale for purposes of an RPS or otherwise.
The potential cost of large transmission line expansions were not included in the cost
analysis because these costs are highly site-specific and require a separate
transmission upgrade study. It is also important to keep in mind that with large
conventional projects such as coal and nuclear plants, major transmission expansion

plans might also be necessary to move electricity from the generator to the load
centers.

o There are a number of studies being conducted by multiple states in
determining region-wide transmission system needs if large amounts of wind
are developed. One major issue is how to allocate the transmission expansion
cost. Should the costs be borne by the first project in a transmission queue,

allocated among a group of projects that need the system expansion, or
charged to load?

o On June 15, 2006, the California Public Utilities Commission decided to
allow utilities in that state to charge ratepayers under retail rates for upfront
transmission costs of building major transmission facilities in areas to support
expected development of renewable energy, especially wind projects.’*’ The
decision is a departure from FERC policy in which developers pay the costs to
connect their projects to the grid and recover these costs over time from
customers.

= California has also required an assessment of transmission upgrade costs to be
included in the evaluation of renewable energy projects for the state’s RPS.
One of the state’s utilities, Pacific Gas & Electric (PG&E) designated proxy
costs to specific expansion areas.]ZS.Depending on the location, for 500 MW
of expansions, the cost can vary between $27 and $244 million ($54/kW to
$480/kW). These costs are highly site-specific, depending on the lines or
substations needed for expansion.

s A review of more than 200 system integration studies related to wind shows
that the variability of wind can be addressed without becoming an
insurmountable obstacle for wind development and the solutions are relatively
inexpensive per kWh.'®  As for system reliability, studies have found that

27 “Transmission and Wind Energy: Capturing the Prevailing Winds for the Benefit of Customers,” National Grid, September 2006
<http:/lwww nationalgridus com/non_html/c3-3_NG_wind_policy pdf>

12849006 Transmission Ranking Cost Report of Pacific Gas and Electric Company in Compliance with Assigned Commission and
Administrative Law Judge's Ruling in OIR 04-04-026," November 9, 2005

129 +The Costs and Impacts of Intermittency,” The UK Energy Research Centre (UKERC) review of international transmission studies, April 5,

2006. <http /iwww ukerc ac.uk/contentiview/258/852>
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incorporating up to 10% of wind into a state’s generation mix does not
adversely impact the transmission system, given certain actions taken by the
wind project and system operatorsn130 Studies of other regions and states have
shown for each MWh of wind energy generated, the increased integration cost
can be $0 to $8.87/MWh for 4% to 20% wind penetration. '°' Current peak
load in North Carolina is about 25,000 MW, so 1,500 MW of wind in North
Carolina would equate to about a 6% penetration of wind for the State.

Substantial hydro and pumped storage capabilities can also help manage wind
in the system.

The UK Energy Research Centre (UKERC) reviewed over 200 international studies
and found that:

e The output of fossil fuel plants will need to be adjusted more often to cope
with fluctuations in wind output, but any losses this causes are small
compared to overall savings in emissions.

e 100% ‘back up’ for individual renewable sources is unnecessary; extra
capacity will be needed to keep supplies secure, but will be modest and a
small part of the total cost of renewables. It js possible to work out what is
needed and plan accordingly.

o None of the 200+ studies UKERC reviewed suggested that the introduction
of significant levels of intermittent renewable energy would lead to reduced
reliability.

s The cost of intermittency at current levels is much smaller, but will rise if
use of renewables expands.

« Wide geographical dispersion and a diversity of renewable sources will keep
costs down.

Co-firing: Co-firing is the least-cost option for utilizing biomass fuels. However,
the treatment of co-firing in an RPS does pose some concern. To start, the La Capra
Team assumed that co-firing merely displaces a portion of coal fuel that is consumed
in existing plants and does not increase the generation level of the plant. However, it
is possible that lowered emissions (e.g. NOy, SO;, mercury) as a result co-firing with
biomass free-up emissions allowances so that the plant or another plant can generate
more. Depending on the type of retrofits needed for co-firing, New Source Review
(NSR) under the Clean Air Act may be triggered which would require plants to
implement Best Available Control Technologies. For our study, much of the co-
firing capability is assumed to be blending of biomass (5%) with coal, and this is less
likely to trigger NSR. However, this assessment does not imply that a coal plant
cannot choose to increase the co-firing capability (up to 20% is technically feasible)
at a single plant beyond what is assumed in the modeling. Also, co-firing at plants
that do not have to comply with the State’s Clean Smokestacks Act can be
implemented. In fact, this may be a preferable option for utilities since these plants
are less likely to install catalytic controls that can potentially be contaminated by

130

"The Effects of Integrating Wind Power on Transmission System Planning, Reliability, and Operations " NYSERDA, May 2004

<hitp /lwww.nyserda org/publications/wind_integration_report pdf >

31 4Grig Impacts of Wind Power Variability: Recent Assessments from a Variety of Utilities in the United States” presented at the 2006

European Wind Energy Conference (EWEC) <http/fwww uwig.org/ewec06gridpaper. pdf)>
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alkali in biomass. Finally, there are several small coal plants and retired plants that
may be repowered to fire 100% biomass fuel. Their potential was not included in the
analysis. Careful consideration must be given to whether total emissions and
generation output will be altered as a result of any or all of these uses of existing
plants, and proper eligibility rules are needed based on that analysis.

=  In-state Manufacturing: Today, North Carolina has few manufacturers of renewable
technologies. The economic benefits discussed previously are derived primarily from
labor associated with construction/installation and operation/maintenance, while
equipment and materials are supplied from out-of-state. Considerably more economic
development can occur if manufacturers have incentives to locate in North Carolina.
For example, Pennsylvania recently announced Gamesa, a major wind turbine
manufacturer, will locate a large manufacturing facility to the state that will supply
not only Pennsylvania’s wind turbine needs but also that of other states. This adds

both local manufacturing jobs and provides potentially lower-cost equipment for the
state’s RPS.

= Public Acceptance: Wind projects proposed in certain areas have produced vocal
opposition. To assess the public attitude toward wind development in western North
Carolina, a phone survey of western North Carolina residents was conducted in 2002
by Appalachian State University.”” Three general issues guided the survey:
(1) attitudes about energy issues in general; (2) attitudes about specific turbine
placement options; and (3) perceptions of barriers in developing a wind industry in
the region. The study concluded that;

o Western North Carolinians are favorably disposed toward the development of
a wind energy industry in the Appalachian Mountains. They want more of
their future electricity derived from renewable sources and less from fossil
fuels. They are ambivalent toward nuclear energy.

o By over 2 to I, western North Carolinians do not believe that ridge top
turbines should be prohibited. They are less favorably disposed to placing
turbines in national forests and clustering them together. However, if a ridge
top already has existing cell towers, 3 out of 4 would not mind adding a wind
turbine to the clutter. An even higher ratio believes a person should be
allowed to erect a turbine on his’her own property for residential use.

o Support for ridge top placement is not systematically affected by experience
with seeing a modern turbine in operation, awareness of ewnergy issues,
income, or education.

s Most western North Carolinians do not foresee or cannot articulate a problem
with developing « wind industry in the State. For those that do, the
overwhelming problem noted is aesthetics. The concern raised is that the
visual pollution of ridge top turbines would hurt the tourist trade and could

132 Grady, Dennis O., "Public Attitudes Toward Wind Energy in Western North Carolina: A Systematic Survey,” Appalachian State University,

December 9, 2002. <http./www energy .appstate edu/docs/iwnc_pubsurvey.pdf>
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decrease property values. To a much lesser extent, people who do foresee
problems identify the consistency of the wind, environmental hazards, and
political/legal issues as potential barriers.

= System Benefits Fund: In conjunction with an RPS, the State may want to develop a
System Benefits Fund to support emerging renewable technologies or centrally
administered renewable energy and energy efficiency development programs.
According to the North Carolina Energy Outlook 2003:'

A public benefits fund attempts to address a number of problems that surround the
generation, transportation and sale of electricity both at the federal and state levels.
A public benefits fund pulls together resources through which states can, in a
targeted but flexible fashion, attack pockets of energy waste, seize opportunities 10
develop renewable energy, improve electric services for low-income customers, and
develop mechanisms for providing electricity cleanly and cheaply.

'3 Global Insight, May 2003 <hitp:/iwww energync.netiresources/dacs/pubsfenergyoutlook pdf>
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The consideration of an RPS involves addressing many important analytical, policy, and
The La Capra Team appreciates the opportunity to assist North
Carolina in its thoughtful deliberations and hopes that this Report is helpful to all concerned.

implementation questions.
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Conclusions

Below are conclusions from this Report.

North Carolina should have sufficient renewable resources within the State to support
a 5% RPS, whether energy efficiency measures are included or not. A 5% RPS
would have a relatively small impact on retail electricity rates assuming lower cost
options are developed first through a competitive bid process. Adoption of a 5%
requirement would double the current level of renewable energy generation in the
State. At the same time, 1,100 additional jobs may be created, additional property tax
revenues may be earned by local governments, and about 1,000 MW of new baseload
generation'** may be avoided. This translates to the potential avoidance of over
7 million tons of CO; per year if the displaced generation is coal-based. If instead, a
nuclear plant is avoided, there would be no carbon benefits since nuclear plants also
do not have associated carbon emissions.

A more aggressive 10% RPS without including energy efficiency would require the
development of 900 - 2,300 MW of off-shore wind since other practical on-land
resources would already be developed. Presently, no off-shore wind projects have
been installed in the U.S. due to numerous permitting obstacles. If off-shore wind
projects do not become feasible during the forecast period, a 10% RPS would only be
achievable by including energy efficiency programs, larger hydro generation, and
development of wind in the western part of the State.

Inclusion of energy efficiency for 25% of an RPS can dramatically reduce the cost.
The RPS portfolios (5% and 10% RPS) with energy efficiency are each estimated to
save about half a billion dollars in NPV over 20-years relative to the Utilities’
Portfolio. Essentially, the reduction of load of 1.25% or 2.5% by the end of the RPS
study period creates energy cost savings overall for the State. The inclusion of
energy efficiency measures in an RPS could create 1,500 to 2,700 additional jobs
relative to the Utilities’ Portfolio. However, if the State does proceed with the
development of an RPS, careful consideration should be given to whether an RPS or a

separate policy vehicle is the appropriate policy tool to promote energy efficiency
measures.

Through a high-fuel cost sensitivity test for the 5% NCGP Criteria scenario, we found
that an RPS can help mitigate some risks related to high fuel prices, but even high
fuel costs would not offset all the added cost of the RPS scenario tested.

3 About 1,000 MW of baseload generation can be displaced by renewable generation, but in the 5% scenarios, 500 MW of natural gas
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The cost analyses in this Report assume that the Federal Production Tax Credit that
partially offsets the delivered cost of energy from many types of renewable projects
continues to be in effect throughout the study period. The incremental cost of an RPS
may be 40% higher than modeled if the Federal Production Tax Credit is not renewed
after five years. This tax credit has been in effect since the early 1990’s and has been
extended a number of times. The current law is set to expire again after 2007. So,

attention to the status of proposed extensions of the law will be important if North
Carolina adopts an RPS.

Additional nuclear plants are included in the future electricity portfolio in North
Carolina as proposed by Duke Energy. The uncertainty concerning project costs for
new nuclear plants will have a significant impact on an RPS assessment. Depending
on their actual cost, the addition of nuclear plants can either make an RPS appear to
be an attractive alternative for new generation or double the incremental cost of an
RPS. From past experience with nuclear plants, there would appear to be uncertainty
regarding present cost estimates for nuclear plant construction. Similarly, the cost of
new coal plants used in this analysis may also have related uncertainties, as evidenced
by recent increases to installation cost estimates in current utility coal plant proposals.

Solar photovoltaic (PV) systems are not directly cost-competitive with most other
resources, including other new renewable technologies. However, a number of states
have decided to encourage the development of solar power by giving extra credit for
solar power in RPS implementations. If the State is interested in promoting solar
installations, crediting solar energy at a multiple of other renewable energy will not
change the overall cost of an RPS, while providing some additional job benefits.
Furthermore, solar PV may be able to provide other benefits, such as providing
distributed generation,'”> summer peak shaving (see Appendix C), and emissions
reductions. Another alternative to promote solar is to dedicate a portion of an RPS
target to solar in the form of a set-aside as is being done in some states.

We tested the sensitivity of adding 112 MW of solar installations over the ten-year
study period. This would be equal to installations on 16,000 residential roofs
(32 MW) and 3,200 commercial/industrial roofs (80 MW).]36 To implement such
large-scale development, promoting solar PV manufacturing in the State would likely
be needed. This would provide additional manufacturing jobs that were not included
in the jobs analysis. Similar considerations may be provided to other technologies the
State may wish to promote, such as solar thermal heating and cooling.

= There are many ways to design an RPS. The scenarios presented in this Report
reflect a few key policy choices, but there are many additional RPS design and
implementation issues that would need to be addressed before an RPS can be
implemented. These issues include:

135 Distributed generation is the small-scale production of electricity at or near customers' homes and businesses. 1t has the potential to
improve system reliability, reduce local distribution loading during peak moments, and/or avoid system upgrades in some cases

1368 As a point of reference, 1,460 MW of new solar PV systems were instalied worldwide during 2005.
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o Applicability: In principle, the costs for development of renewables should
be applied to as much of the State’s retail electric load as possible for
equitable cost sharing. However, several states have excluded municipal and
cooperative electric utilities and/or certain levels of industrial load from RPS
rules for a variety of reasons. Such exclusions, however, do create the
inequity of having only some ratepayers pay for an RPS which provides
benefits throughout the State.

o Balanced Supply and Demand: The pace of an RPS start and ramp-up
should be set so that sufficient resources can be reasonably developed, but in a
cost-effective manner. The ramp-up should also take into account existing
commitments to resource additions.

o Stability of Targets: The development of all electric energy resources is a
long-term undertaking. For an RPS to effectively encourage the development
of renewable energy facilities, the RPS requirements should provide a long-
term commitment that enables projects to obtain cost-effective financing. One
option is requiring long-term power purchase agreements while allowing
utilities full recovery of prudently incurred costs in a timely manner.

o Compliance and Alternative Compliance Payments: Appropriate
compliance requirements should be included to ensure that load serving
entities comply. At the same time, the law should be flexible enough for
LSEs to comply in a cost-effective manner, such as setting an effective cap on
costs with the use of alternative compliance payments (ACP). Additionally,
appropriate methods for calculating and attributing contributions from
renewable generation and energy efficiency measures would need to be
determined.

o Compatibility with Other State Policies: North Carolina has several policies
in place or under development that may need to be reviewed in conjunction
with an RPS, such as the Clean Smokestacks Act, EPA’s Clean Air Interstate
Rule, cap-and-trade programs, Carbon Policies, and the interaction of a
mandatory RPS with voluntary purchases under the NC GreenPower program.

o Beyond these major issues, there are a host of other details to be considered if
the State decides to adopt an RPS. While the full exposition of these is
beyond the scope of this Report, the La Capra Team notes that these topics
should include: the precise definition of and certification of resource
eligibility, the treatment of existing resources, geographic eligibility
(including constraints imposed by the U.S. Constitution’s Commerce Clause
on restrictions on out-of-state resources), the tracking of environmental
attributes of various generating supply for RPS compliance purposes, and
inclusion of sufficient flexibility mechanisms to minimize compliance costs
while not destabilizing the market. None of these issues are insurmountable,
even though they do require careful attention.
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Glossary of Terms

= Alternative RPS Portfolios: Alternative resource options to achieve RPS targets, while
meeting both incremental capacity and energy needs of the State.

= British Thermal Unit (btu): A measure of heat (energy) required to raise 1 pound of water
by 1 degree Fahrenheit; 1,000,000 btu is expressed as mmbtu.

= Capacity Factor: Net capacity factor for a power plant is calculated based on the total
annual energy generation expected to be delivered to the electric grid or end-user divided by
the total maximum potential generation for the plant.

= Energy Efficiency (EE): Physical, long-lasting changes to buildings and equipment that
result in decreased energy use while maintaining the same or improved levels of energy
services. Energy efficiency, for the purposes of this analysis, is a subset of Demand Side
Management (DSM) programs that may encompass other programs such as load
management, load shifting, demand response, and other peak load programs.

= Gigawatt-hours (GWh): A measure of energy representing 1,000 MWh.

= Heat Rate: Fuel conversion rate reflecting the energy input needed for one unit of electric
energy output, often represented as btu per kWh.

= Heat Content: The thermal energy content of fuels, often represented as btu per Ib.

Installed Cost: The total cost of a facility including all equipment, installation/construction,

related interconnection to the electric grid, development, interest during construction, and

contingency costs typical of the project type.

= Integrated Resource Planning (IRP): The long-term comparison of resource options that
considers important selection criteria including cost, reliability, the environment, and other
policy goals.

= Kilowatt-hours (kWh): A measure of energy representing 1,000 watt-hours.

= Levelized Cost: A single cost (often stated as a rate per kWh or MWh) that would produce
the same economic outcome as a series of varying costs over the economic life of an
investment.

Load Serving Entity (LSE): Entities that provide electric service to end-users.
= Megawatt-hours (MWh): A measure of energy representing 1,000 kilowatt-hours.

Megawatts (MW): A measure of power output or generation capacity representing 1,000
kitowatts or 1,000,000 watts.
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