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BUILDINGS & FACILITIES
The following paragraphs describe the general approach for calculating the estimates in the Scoping Paper.  Note that the method depends on the available information for the particular measure.  Tellus used a variety of sources to estimate the impacts and to adjust for conditions in Rhode Island.  Following the description of the general approach, this Annex reports the specific values for each measure, and any adjustments to the general approach required for a particular measure.  Except for options 2.4 and 4.2, this annex supports values used in the original Scoping Paper.  Some changes to the Scoping Paper will be made before the second Working Group meeting.

General Approach for Each Calculation

Energy Savings in 2020:  This value depends on the energy saved per unit and the number of units affected (e.g., the kWh saved for each efficient light bulb, and the number of light bulbs switched).  The energy savings per unit came from a variety of published sources.  The number of units affected was estimated based on the expected growth over time (from the base case) and the assumed success of the program (based on relevant literature and expert judgment).   

Cost of Saved Carbon (CSC):  This metric allows a comparison between the options based on the cost of attaining the goal of carbon reduction.  It is the net cost of the measure (the additional cost of the options minus any benefits, in 2000$ US dollars) divided by the carbon savings (in tonnes (1000 kg) of carbon)-- i.e., $/tC.  All values reflect annual amounts; we converted any one-time incremental capital costs into an equivalent series of constant annual payments over the equipment lifetime, added these to the net incremental annual running costs, and divided by annual carbon savings, using a 5% discount rate. Given the GHG mitigation objective of this exercise, this metric along with the carbon savings (SC), are the two key characteristics of the options considered. (Note that CSC can be reckoned in direct market terms, or it can be reckoned by including the value of externalities; in the Scoping Paper we present the former and the latter separately). 

Cost of Saved/Supplied Energy (CSE): This metric provides another way to consider the relative merits of the options by presenting the costs per unit of energy supplied or saved.  The CSE can then be compared to values that are more familiar to the decision-makers - avoided costs of energy supply (ACE) by the conventional (business-as-usual or baseline) means of providing that service.
  This type of value has been widely used in demand-side management literature as a basis for comparing energy efficiency with supply options -- cost of saved energy vs the avoided cost of energy. It differs from cost of saved carbon by removing the benefits of energy savings from the calculation.  The value (in $/kWh or $/MMBTU) can then be compared directly with the appropriate cost of the assumed situation without the measure (e.g. purchasing fuel, building more electricity supply).  As in the Cost of Saved Carbon, all values reflect annual amounts. For the GHG mitigation purposes here this metric is not complete and thus not as relevant as CSC and SC.

CSC = (CSE - ACE)/SC, so CSE and SC have all of the relevant information for ranking and selecting carbon mitigation options.

Cost and carbon savings from all electricity savings are strictly preliminary and indicative, and are based on avoiding a NGCC plant.  The resulting cost savings are $0.04 cents/kWh and carbon savings are 0.098 tons carbon / kWh (based on a heat rate of 7000 BTU/kWh, from Assumptions for Annual Energy Outlook 2001, Energy Information Administration 2001).  These cost and carbon savings are used as estimates for individual options to provide guidance when comparing the options to each other.  Options chosen will be evaluated with LEAP software to refine these estimates by including the specifics of the electricity supply system for Rhode Island. 

OPTIONS

1.  Continuation of existing and emerging demand-side management programs

1.1 Solar photovoltaic cells--buydown program 

The cost is based on an equipment cost of $2500 for a 2 kW system and lifetime of 10 years (annual payments of $325), and a capacity factor of 13% (Energy Information Administration, 2000).

A 2 kW system generates 2270 kWh per year (=2 kW * 8760 hours/year *0.13)

The cost of saved energy is thus $325/2270= $0.15/kWh

Energy savings are based on program funding and impact estimates from the Stipulation of Parties (Narragansett Electric Company, 2000) and the above energy savings per $.  We assumed that the real funding levels budgeted for 2001 would be continued from 2002 through 2020, yielding the annual MWh impacts estimated in the Stipulation.  Nineteen years’ worth of annual saving were cumulated to yield the total in 2020.
Cost of saved energy

$0.15/kWh

Energy savings in 2020
2100 MWh (based on program funding estimate)

Cost of saved carbon 

$1200/tonneC

1.2 Residential efficient lighting and appliances
The costs are based on the Clean Energy Future estimate of lighting technology cost of $5.2/MMBTU (Interlaboratory Working Group on Energy Efficient and Clean Energy Technologies, 2000).  Since this value was already in annual terms, it was just converted to $/kWh.

The energy savings are based on electricity savings estimates in the Stipulation of Parties (Narragansett, 2000).  We assumed that the program achieved the identified maximum annual savings in each year through 2006 and cumulated these savings to 2020. 

Cost of saved energy

$0.018/kWh

Energy savings in 2020
46,000 MWh 

Cost of carbon 

-$226/tonneC

1.3 Residential retrofit

The costs are based on the net present value of retrofit programs from ACEEE’s study of Energy Efficiency (Geller, H., S. Bernow and B. Dougherty.  1999).

Energy savings are based on electricity savings estimates Stipulation of Parties (Narragansett, 2000).  We assumed that the program achieved the identified maximum annual savings in each year for 19 years and cumulated these savings to 2020. 

Cost of saved energy  

$0.039/kWh 


Energy savings in 2020
87,500 MWh (based on program estimate)

Cost of saved carbon 

-$7/tonneC

1.4  “Energy Star Homes” (residential new construction)
The costs are based on building code calculations from recent ACEEE reports (Nadel, S. and H. Geller, 2001).  ACEEE costs are based on unit costs of $1092 per household.  

Energy savings are 806 kWh/electric house.

Total energy reduction based on electricity savings estimates Stipulation of Parties (Narragansett, 2000).  We assumed that the program achieved the identified maximum annual savings in each year and cumulated these savings to for 8 years.  After that time, we assume that option 3.1, upgraded residential building code, becomes effective.
Cost of saved energy

$0.06/kWh 

energy savings in 2020 
2,256 MWh 

Cost of saved carbon  

$200/tonneC

1.5    “Design 2000,” promoting energy efficiency in new commercial and industrial buildings
The costs are based on building code calculations from recent ACEEE reports (Nadel, S. and H. Geller, 2001).  ACEEE costs are based on unit costs of $1.04 / square foot.  

Energy savings are 2.4 kWh / electric square foot.

The total energy reduction is based on electricity savings estimates in Stipulation of Parties (Narragansett, 2000).  We assumed that the program achieved the identified maximum annual savings in each year and cumulated these savings for 8 years.  After that time, we assume that option 3.2, improved building codes, is adopted.
Cost of saved energy

$0.02/kWh

Energy savings in 2020 of
98,300 MWh  

Cost of saved carbon

-$200 / tonneC

1.6   “Energy Initiative,” promoting energy efficiency in existing commercial and industrial buildings
Costs are based on information in Stipulation of Parties (Narragansett, 2000).  

Energy savings are based on electricity savings estimates in the same Stipulation.  We assumed that the program achieved the identified maximum annual savings in each year for 19 years and cumulated these savings to 2020.

Cost of saved energy

$0.020/kWh 

Energy savings in 2020
330,000 MWh

Cost of saved carbon 

-$200/tonneC

1.7   Technical assistance
The costs are based on calculations for research and development from a recent ACEEE report (Nadel, S. and H. Geller, 2001).

Energy reductions are based on the percent reduction of national electricity and fossil fuel achieved by teh R&D policy, applied to Rhode Island electricity and fossil fuel baseline residential and commercial consumption, but with the savings halved on the grounds that the impacts from a state program are relatively less than from a national program.  ACEEE’s energy savings are based on rough estimates from studies by Environmental Protection Agency, Department of Energy and Energy Information Administration.

Cost of saved energy 
residential
electricity $0.033/kWh, natural gas  $3/MMBTU




Commercial    electricity  $0.026/kWh, natural gas $2.5/MMBTU
Energy savings in 2020


 
Residential

160,700 MWh 





1,324,000 MMBTU natural gas savings





1,185,000 MMBTU oil savings

 
Commercial

310,000 MWh 





2,114,000 MMBTU natural gas savings





   793,000 MMBTU oil savings

Cost of saved carbon 

-$150/tonneC

2.  Additional demand-side management programs
2.1  Efficient residential cooling initiative
Based on 863 kWh annual savings per household and incremental cost of $550 per house, so the cost of saved energy is $0.06/kWh, assuming 15 year life (Opinion Dynamics Corp 1999).

Energy savings are based on the percent reduction in electricity consumption nationally from Clean Energy Futures (Interlaboratory Working Group on Energy Efficient and Clean Energy Technologies.  2000).  National reductions are applied to Rhode Island’s baseline electricity consumption 

Cost of saved energy

$0.06/kWh

Energy savings in 2020 of
96,000 MWh  

Cost of saved carbon

~$0 / tonneC

In this one case, we have assumed higher preliminary avoided costs for the cost of saved carbon than for other options.  We used approximately $0.06 $/kWh, based on the coincidence of the electricity savings with the peak period.

2.2  Efficient residential gas heating initiative
Costs are based on the DEER database (Xenergy 2001):  $635 incremental cost from base forced hot-air furnace (82 AFUE) to 92 AFUE, with 75 MMBTU heat load (based on Rhode Island residential base case energy use of 90 MMBTU per house for space heating and an 82% efficient furnace).  For oil, we assumed the same incremental cost and heat load with efficiency increasing from 78 AFUE to 88 AFUE.

The energy reductions are based on above parameters and the number of fossil fuel-heated homes in RI in 2020 (natural gas - 144, 000, oil – 205,000), with 50% switching to higher efficiency.

We assume 10 MMBTU annual savings per household and a 15 year life for the equipment.

Cost of saved energy

$7/MMBTU for natural gas, $6 / MMBTU for oil

Energy savings in 2020 of
586,000 MMBTU (natural gas), 675,000 MMBTU (oil) 

Cost of saved carbon

-$7.5 / tonneC

2.3  Solar hot water heating
Costs are based on $3500 system cost from CORE (http://www.altenergy.org/core/Solar_Pioneers/SOLARH_1/solarh_1.HTM), saving 15 MMBTU per year (estimated 20 MMBTU per year for hot water per household from Rhode Island residential basecase and assuming solar provides 75% of load (see CORE website).  We assume that the solar-heated water replaces natural gas-heated water and that the solar system has a 13 year lifetime.
Energy savings based on 20 MMBTU/household consumption for natural gas water heating and 1% of gas water heaters switch to solar.  15 MMBTU annual savings per household
For avoiding electrically heated water, assume same solar system as above, saving 12 MMBTU of electricity per household per year (assuming natural gas heaters are 70% efficient and electricity heaters are 90% efficient and solar provides 75% of load).  1% of electric water heaters are replaced with solar by 2020.
Replacing natural gas
Cost of saved energy

$23/MMBTU
Energy savings in 2020 of
22,000 MMBTU  

Cost of saved carbon

$1,500 / tonneC

Replacing electricity (assume natural gas heaters are 70% efficient and electricity heaters are 90% efficient)
Cost of saved energy

$0.10/kWh

Energy savings in 2020 of
4,700 kWh  

Cost of saved carbon

$900 / tonneC

2.4 Switching to cleaner heating fuel

2.4a  Oil to natural gas
Costs are based on a $850 retail cost for a natural gas furnace plus $500 installation cost for fuel switching (EIA 2001) with negligible non-fuel operating and maintenance costs.  Energy consumption for space heating is estimated at 90 MMBTU/household, based on the Rhode Island baseline, and we used a natural gas price of $8/MMBTU.  These costs were used to estimate costs for providing space heat with natural gas ($9.4 /MMBTU).  Comparative costs for an oil system are $850 cost for the furnace (EIA 2001) with a $50 annual non-fuel operating and maintenance cost.  This policy assumes no energy efficiency change so the oil furnace also uses 90 MMBTU per year with a price of $7.70/MMBTU for oil.  Thus, the cost of providing heat with an oil system is $9.2/MMBTU.

There are no overall annual savings of energy since no efficiency change assumed (the natural gas consumption replaces the equivalent amount of oil consumption).  Carbon reduction based on carbon intensity difference of fuels, energy consumption and 20% of oil heated houses switching to natural gas.

Cost of saved energy

 $9.4 /MMBTU for natural gas system

(compared with $9.2 / MMBTU for oil)
Energy savings in 2020 of
0
 MMBTU  

Cost of saved carbon

$35 / tonneC

2.4b  Electricity to fossil fuel
Costs for fossil fuel heating are based on the same furnace costs reported above ($850) plus $3000 installation cost for fuel switching from electricity (EIA 2001).  Energy consumption for space heating is estimated at 90 MMBTU/household, based on the Rhode Island baseline, and we used a natural gas price of $8/MMBTU and oil price of $7.7/MMBTU.  These costs were used to estimate costs for providing space heat with natural gas ($12.1 /MMBTU) and oil ($11.8).  Comparative costs for an electric system are $1350 cost for the installed cost of electric radiators (EIA 2001) with negligible annual non-fuel operating and maintenance cost.  The electric radiators are assumed to be 100% efficient with electricity price of $11.72/MMBTU.  Thus, the cost of providing heat with an electric system is $11.1/MMBTU of heat.

Even with the decreased efficiency of fossil fuel furnaces, carbon reductions are 0.77 tonnes carbon per house when switching to natural gas and 0.13 tonnes carbon per ouse when switching to oil.  In the basecase, we estimated that by 2020, Rhode Island would have 25,000 electrically-heated full-sized houses.  We assume this policy will cause 10% of these houses to switch with 60% switching to natural gas and 40% switching to oil. 
Cost of saved energy
 $12 /MMBTU for natural gas system, $11.8 / MMBTU for oil
Energy savings in 2020 of
54,000 MWh electricity, increased consumption of 135,000 MMBTU gas and 90,000 MMBTU oil.  

Cost of saved carbon

$170 / tonneC

2.5 Residential retrofit for homes with fossil fuel heating

Costs based on the net present value of retrofit program from the ACEEE 1999 study of Energy Efficiency (Geller, H., S. Bernow and B. Dougherty 1999).

Energy savings based on program funding estimates (Narragansett 2000).  We also considered costs and energy consumption reductions from the following measures - flame retentaion oil burners, reduced fuel nozzle size, boiler water temp reduction, setback thermostats.  These measures would be part of the overall retrofit package.
Cost of saved energy  

$11/MMBTU  

Energy savings in 2020
 210,000 MMBTU natural gas savings





 140,000 MMBTU oil savings

Cost of saved carbon 

-$7/tonneC

2.6 Commercial/Industrial Retrofit program to save fossil fuel 
Costs and energy savings are based on information in Stipulation of Parties (Narragansett, 2000).  

Cost of saved energy

$6/MMBTU 


Energy savings in 2020
285,000 MMBTU natural gas savings





180,000 MMBTU oil savings

Cost of saved carbon 

-$200/tonneC

2.7  Gas Air Conditioning for Commercial Sector

This policy is based on replacing a system using a centrifugal chiller and electric water heating with a gas-fired engine-driven commercial chiller systems that recovers heat in the form of hot water (replacing the electric boiler).  This is a niche application but it was the set-up with the most favorable economics.

The cost is based on an equipment cost of $173,250 for a 350-ton AC unit ($495 per ton) and avoided electric boiler cost of $3,725.   The system has a lifetime of 24 years.  The assumed annual load is 910 hours.

Each system saves 448,878 kWh of electricity per year but requires 1865 MMBTU. 

Energy savings are based on estimates of Rhode Island floorspace, as used in the baseline analysis, 17% of commercial floorspace using central chillers (DOE estimate from Commercial Building Energy Consumption Survey 1995 for NorthEast), 50% of central chillers are centrifugal (rough estimate), assuming uptake of 3% of new centrifugal chillers per year.

Cost of saved energy

$0.052/kWh

Energy savings in 2020
1087 MWh, increased gas consumption 4,517 MMBTU 

Cost of saved carbon 

$309/tonneC
3.  Codes and standards initiatives
3.1  State/Regional appliance efficiency standards project
Costs based on appliance standard calculation for most recent ACEEE report (Nadel, S. and H. Geller, 2001).  ACEEE costs based on unit costs of 

	
	Unit Cost   ($)
	Unit energy savings (kWh or MMBTU)
	Levelized cost ($/kWh or $/MMBTU)
	Year of standard

	Clothes washers
	75
	
	
	2007

	    Electric DHW
	
	512


	 $   0.014 
	

	    Gas DHW
	
	2
	 $   3.687 
	

	Water heaters
	
	
	
	

	   Electric
	30
	204
	 $   0.014 
	2004

	   Gas
	28
	1.6
	 $   1.686 
	2004

	Central a/c (including small comm'l)
	168
	532
	 $   0.030 
	2006

	Central heat pumps
	166
	1081
	 $   0.015 
	2006

	    
	
	
	
	

	Refrigerators
	50
	131
	 $   0.037 
	2010

	Dishwashers
	20
	
	
	2008

	    Electric DHW
	
	100

	 $   0.019 
	

	    Gas DHW
	
	0.4
	 $   5.352 
	

	Furnaces and boilers
	50
	2.4
	 $   2.016 
	2009

	Comm'l packaged A/C and HP
	612
	3679
	 $   0.016 
	2006

	Comm'l boilers (rough estimate)
	950
	41.2
	 $   2.220 
	2006

	R/BR reflector lamps
	1
	70
	 $   0.001 
	2008

	Water heaters – gas
	15
	1.3
	 $   1.102 
	2010

	Central a/c
	143
	236
	 $   0.058 
	2012

	Central heat pumps
	143
	729
	 $   0.019 
	2012

	
	
	
	
	

	Transformers 
	
	
	 
	

	   Liquid immersed
	2
	6.0
	 $   0.032 
	2005

	   Dry type
	3
	15.9
	 $   0.018 
	2005

	Commercial refrigerators & freezers
	115
	1542
	 $   0.007 
	2005

	Ice-makers
	146
	900
	 $   0.016 
	2005

	Vending machines
	102
	948
	 $   0.010 
	2008

	Beverage merchandisers
	166
	1726
	 $   0.009 
	2008

	Electronic equip. & power supplies
	2.5
	26
	 $   0.009 
	2005

	Exit signs
	30
	223
	 $   0.013 
	2005

	Traffic lights
	125
	431
	 $   0.028 
	2005

	Torchieres
	40
	276
	 $   0.014 
	2005

	Furnace and heat pump fans
	100
	650
	 $   0.015 
	2008

	Ceiling fans
	20
	70
	 $   0.028 
	2008

	Packaged large HVAC
	1813
	8434
	 $   0.021 
	2008

	Unit and duct heaters
	425
	45.1
	 $   0.907 
	2008


From variety of sources, compiled by ACEEE

Carbon reduction based on percent reduction of national electricity and fossil fuel achieved by policy applied to Rhode Island electricity and fossil fuel baseline residential and commercial consumption.

Cost of saved energy weighted across all appliances in above table (weighted by national energy savings in 2020)     electricity  $0.019/kWh   fossil  $2.00/MMBTU
Energy savings in 2020


Residential

543,000 MWh 





989,000 MMBTU natural gas savings





885,000 MMBTU oil savings

Commercial

146,000 MWh 





195,000 MMBTU natural gas savings





  73,000 MMBTU oil savings

Cost of saved carbon 

-$50/tonneC

3.2  Upgrade new construction practices
Costs based on building code calculation for most recent ACEEE reports (Nadel, S. and H. Geller, 2001).    ACEEE costs based on unit costs of $1092 per household for residential and $1.04 / square foot (electrically heated) and $0.25 / square foot (gas/oil heated) for commercial.  

Energy savings based on percent reduction of national electricity and fossil fuel achieved by policy applied (ACEEE cite) to Rhode Island electricity and fossil fuel baseline residential and commercial consumption.

Cost of saved energy

Residential  $0.06/kWh, $7/MMBTU

 



Commercial
$0.02/kWh, $2/MMBTU
Energy savings in 2020


Residential

 66,800 MWh 





393,000 MMBTU natural gas savings





352,000 MMBTU oil savings

Commercial

191,000 MWh 





931,000 MMBTU natural gas savings





 350,000 MMBTU oil savings

Cost of saved carbon 

-$250/tonneC

4.  Promotion of on-site combined heat and power
4.1  CHP in industry
Assuming a 10 MW Combustion turbine type CHP unit replaces a gas boiler

	incremental installed cost
	$9,205,263 
	incremental
	
	

	annual electric generation
	80,000,000
	kWh per year
	
	

	CHP O&M cost 
	
	 $     0.0055 
	($/kWh)
	
	
	

	extra natural gas requirement 
	
	424,706
	MMBTU/year
	
	

	annual cost of extra natural gas
	 $1,486,473 
	based on NG price of
	3.5
	$/MMBTU


Source:
Onsite Sycom Energy Corporation, The Market and Technical Potential
for Combined Heat and Power in the Industrial Sector prepared for the USDOE EIA, January, 2000.  
Energy consumption based on reduction from recent World Wildlife Fund (WWF) report (Bernow, S. et al 2001), percent reduction of national electricity and increase in fossil fuel achieved by policy, applied to Rhode Island electricity and fossil fuel baseline industrial consumption.

Cost of saved energy 

$0.033/kWh
Energy savings in 2020
554,000 MWh 





-1,011,000 MMBTU natural gas 

Cost of saved carbon 

-$70/tonneC

4.2 CHP in other buildings & facilities

Assuming a 100 kW microturbine system 

Values for 2000

	incremental installed cost
	$183,958 
	  incremental
	
	

	annual electric generation
	800,000
	  kWh per year
	
	

	CHP O&M cost 
	
	 $     0.0113 
	  ($/kWh)
	
	
	

	extra natural gas requirement 
	
	6,308
	  MMBTU/year
	
	

	annual cost of extra natural gas
	 $     22,077 
	  based on NG price
	3.5
	$/MMBTU


Values for 2020

	incremental installed cost
	$83,392 
	incremental
	
	

	annual electric generation
	800,000
	kWh per year
	
	

	CHP O&M cost 
	
	 $     0.0113 
	($/kWh)
	
	
	

	extra natural gas requirment 
	
	4,901
	MMBTU/year
	
	

	annual cost of extra natural gas
	 $     17,152 
	based on NG price of
	3.5
	$/MMBTU


Assuming a 1 MW combustion turbine-type system

	incremental installed cost
	$1,530,669 
	incremental
	
	

	annual electric generation
	8,000,000
	kWh per year
	
	

	CHP O&M cost 
	
	 $     0.0096 
	($/kWh)
	
	
	

	extra natural gas requirment 
	
	48,640
	MMBTU/year
	
	

	annual cost of extra natural gas
	 $   170,239 
	based on NG price of
	3.5
	$/MMBTU


Source:
Onsite Sycom Energy Corporation,  The Market and Technical Potential for Combined Heat and Power in the Commercial/Institutional Sector, prepared for the USDOE EIA, January, 2000.  
Energy consumption based on reduction from recent World Wildlife Fund (WWF) report (Bernow, S. et al 2001), applied to Rhode Island electricity and fossil fuel baseline commercial consumption.

Using 2000 values:

Levelized cost  of 

$0.057/kWh
Energy savings in 2020
646,000 MWh 





-2,070,000 MMBTU natural gas 

Cost of saved carbon 

$175/tonneC

Using 2020 values:

Levelized cost  of 

$0.057/kWh
Energy savings in 2020
646,000 MWh 





-2,070,000 MMBTU natural gas 

Cost of saved carbon 

$175/tonneC

5.  Life style changes
5.1  Compact floor space area
Costs based on energy savings calculated from energy expenditure on space heating and cooling (energy price * energy consumption from baseline).

Energy savings are as above assuming 10% of new houses reduce floor space (and space heating and cooling demand) by 25%.

Per household energy savings are 2100 kWh for electric homes and 20 MMBTU for gas/oil homes

We assume there are no costs for this option, just fuel savings.  The costs of reducing floor space are problematic to estimate. The value of the amenity lost (to the degree that current consumer preferences continue) in reducing living space, is difficult to quantify directly and will vary among the residents of Rhode Island.  Moreover, we assume that this policy will be a focused educational program, encouraging residents to consider trade-offs between present lifestyle, lifestyle and other co-benefits of reduced living space, and helping to avoid future climate risk, thereby leading to altered preferences and thus lower costs to the participants.  Finally, the remaining cost of lost amenity can be offset in part or potentially exceeeded by lower construction costs.  We assume these costs and benefits are of similar magnitude so the net cost is $0.  Our estimation of the benefits of this option include only the energy savings.  Other potential benefits may include reduced home maintenance costs and lower municipal and utility costs of providing services (sewage, electric hookups, etc.) to more compact neighborhoods and pollution reduction. 

We assume no costs for this option, just fuel savings.  The costs of reducing floor space are problematic to estimate – the value of the amenity of floor space cannot be quantified directly and will vary among the residents of Rhode Island.  We assume that this policy will be combined with a focused educational program, encouraging residents to consider trade-offs between present lifestyle and future climate risks.  We have also not estimated the benefits of this program beyond the energy savings.  Other potential benefits may include reduced construction costs, lower municipal costs of providing services (sewage, public transport, etc.) to more compact neighborhoods, and increased sense of community.  We assume these costs and benefits are of similar magnitude so the net cost is $0.

Cost of saved Energy

$0

Energy savings in 2020
6,800 MWh 





120,000 MMBTU natural gas





120,000 MMBTU oil 

Cost of saved carbon 

-$400/tonneC

5.2  Compact appliances
Costs based on energy savings calculated from energy expenditure on services other than space heating and cooling (energy price * energy consumption from baseline.

Energy savings are as above assuming 20% of new purchases adopt smaller appliances that reduce energy demand by 10%.

Per house savings are 4 MMBTU and 2600 kWh

We assume no costs for this option.  This assumption may be conservative since compact appliances are often less expensive than larger appliances (thus a net benefit).  Often North American appliances are oversized and not fully used for the majority of the year.  However, some amenity loss may occur during the few occasions where extra capacity is desired so some costs could occur.  We assume that these benefits and costs are of similar magnitude so the net cost is $0.

Cost of saved energy 

$0
Energy savings in 2020
231,000 MWh 





260,000 MMBTU natural gas





100,000 MMBTU oil 

Cost of saved carbon 

-$550/tonneC

6   Other options

6.1  Public Facilities
The cost and energy savings are based on taking an amount equal to 3% of options 1.5, 1.6, 2.4, and 2.6, to represent the effect in public facilities of efficient new construction, plus energy efficiency in existing facilities, including some fuel switching from oil.

Cost of saved energy 

$0.02/kWh electric; $6./MMBtu fossil.
Energy savings in 2020
12,849 MWh electricity; 

139,500 MMBtu fossil fuel 

Cost of saved carbon 

-$160/tonneC

6.2  Energy efficiency targets adopted by industrial firms
Costs and energy reduction based on efficiency target measure from recent ACEEE report (Nadel, S. and H. Geller, 2001.) applying national percent reduction in electricity and fossil fuel to Rhode Island baseline.  Percent reductions decreased by 50% due to more light industry in Rhode Island (fewer large saving options) and lower impact of state program compared to a national program

Cost of saved energy  

$0.018/kWh  $1.5/MMBTU


(calculated from cost of saved carbon)

Energy savings in 2020
22,500 MWh 





3,688,000 MMBTU natural gas savings





1,363,000 MMBTU oil savings

Cost of saved carbon 

-$180/tonneC

6.3  Tax credits
Costs based on calculation for Tax credits from the most recent ACEEE report (Nadel, S. and H. Geller, 2001.).  ACEEE costs based on unit costs of 

	Tax Credit
	Cost Premium ($)

	
	-2005
	2006-10
	2011-15
	2016-20

	New Homes 
	3,000
	2,500
	1,500
	1,000

	Central AC/HP 
	400
	330
	270
	--

	Gas heat pumps 
	3,000
	2,500
	2,000
	1,500

	HP water heaters 
	800
	670
	530
	400

	Gas furnaces
	800
	670
	400
	300

	Appliances 
	250
	210
	170
	125

	Comm. bldgs ($/ft2)
	1.30
	1.10
	0.50
	0.40


	Tax Credit
	Unit Energy Savings (kWh or MMBTU)
	Levelized cost

	
	-2010
	2010-2020
	

	New Homes 
	1665 kWh   12 MMBTU
	1040 kWh    7.5 MMBTU
	$0.12/ kWh     $15 MMBTU

	Central AC/HP 
	300 kWh AC

750 kWh HP
	
	$0.053/kWh

	Gas heat pumps 
	2300 kWh  18 MMBTU
	
	$0.09/kWh

$12/MMBTU

	HP water heaters 
	1900 kWh
	400
	$0.03/kWh

	Gas furnaces
	500 kWh      4 MMBTU
	0 kWh          4 MMBTU
	$14/MMBTU

	Appliances 
	Not clear in write up
	See section 3.1
	See section 3.1

	Comm. bldgs ($/ft2)
	3.25 kWh

0.011 MMBTU
	  1.45 kWh

0.0054 MMBTU
	  $0.034/ kWh

$7.5 / MMBTU


Energy savings are based on the percent reduction of national electricity and fossil fuel achieved by the policy, applied to Rhode Island electricity and fossil fuel baseline residential and commercial consumption.  However, savings are reduced by 50% because we assume this policy is applied at the state rather than the federal level.  ACEEE estimates already adjust for savings from building code and appliance standards, thus these savings avoid “double-counting.”

Cost of saved energy 
residential
electricity $0.031/kWh, natural gas  $13/MMBTU




Commercial    electricity  $0.034/kWh, natural gas $7.5/MMBTU
Energy savings in 2020


Residential

66,900 MWh 





335,000 MMBTU natural gas savings





300,000 MMBTU oil savings

Commercial

58,000 MWh 





206,000 MMBTU natural gas savings





   77,000 MMBTU oil savings

Cost of saved carbon 

-$150/tonneC
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� This is structurally similar to the approach that has been taken historically (and we will take in this project) for alternative power supply options in the protocols for valuing and paying for independent power (PURPA legislation and regulation) -- so that the cost of supplying power from say wind, solar or other renewables could be compare to their avoided costs, ie the cost of supplying power by the conventional (business-as-usual or baseline) means.





