MEMORANDUM

To:

Rhode Island GHG Action Plan Stakeholders Group

From:
Alison Bailie, Steve Bernow, Bill Dougherty, Charlie Heaps, Michael Lazarus and Rachel Cleetus, Tellus Institute

Subject:
Information for Ranking GHG Mitigation Options

Date:

October 29, 2001

This memorandum gives more information about the GHG reduction options that were described in the memorandum for the October 4 Stakeholder meeting in to help the Stakeholder Group prioritize the options to include in its GHG Action plan. We have added some options to those provided in the memorandum for October 4, to ensure that the list can provide enough carbon reductions to reach or exceed the targets of the Governors’ and Premiers Plan. We expect that the Stakeholder Group will send to the Working Groups a shortened list of these options to help them focus further in the limited time available to them, before they come back to the Stakeholder Group with recommendations for the policies to include in the final Action Plan. We will seek input from the Working Groups refine these numbers and provide greater Rhode Island specificity.

The Table and Figure below provide this information. The analyses and numbers presented here are relatively rough, as they are based upon a review of the literature combined with Rhode Island information, rather than extensive and detailed Rhode Island specific analysis.
The Table includes:

(1) Estimates of the annual GHG emissions reductions in thousands of tons per year by 2020 for each option that could be achieved at these costs in Rhode Island.  These are estimates based on major studies of technologies and polices combined with information about economic, demographic, land-use and energy use in Rhode Island.  Note that the emissions reductions are not all additive to obtain a total, as there is some overlap as well as interactive effects when they are combined into a plan.  We will sort this out to get the overall GHG reduction impact of a set of policies when we model the policy package as a whole.  For now, we make indicative judgment to reduce the overlap in constructing the Figures that follow the Table.
(2) Estimates of the cost-of-saved-carbon CSC -- (i.e., the annualized net cost for the GHG emissions reductions that can be achieved by that option), in dollars per ton of carbon reduced.
  This is a measure of the cost-effectiveness of the option for reducing GHG emissions.  The cost of saved carbon is the net cost of the option (its equipment, O&M and fuel costs minus the equipment, O&M and fuel costs avoided, divided by carbon reductions, on an annualized basis) Note that in some cases there are net savings (negative CSC) rather than net costs (positive CSC) for reducing GHG emissions. A simple example of net savings is cost-effective appliance efficiency, where the savings in fuel or electricity costs exceeds the extra costs of the more efficient appliance (compared to standard appliance), while the lower energy use results in lower carbon dioxide emissions. A simple example of net costs is installing a renewable electricity generator (e.g., photovoltaic solar or wind) instead of a less costly fossil fuel plant.

(3) Estimates of the co-benefits of the options that reduce GHG emissions, from the simultaneous reduction of other emissions (pollutants that harm human health and the environment), expressed in dollars per ton of carbon reduced.  We computed co-benefits using the same information used in (1) and (2), combined with Rhode Island-specific emissions factors for various technologies and fuels in each sector, and with a range of $/ton values from the literature and our analyses for the damages caused by these other emissions.  The numbers given here are the dollar values for these externality costs (from criteria air pollutants) of the fossil fuels that would be displaced by efficiency, renewables and demand reduction.  These are some but not all of the externality costs involved.  These costs are shown here for indicative illustration of some co-benefits of carbon reduction.  They are not included in the Cost-of Saved-Carbon curves given below.
There are some “savings” or “costs” that are difficult to quantify -- for example, the public amenity of more trees or open space, or the dis-benefits (to some, perhaps benefits to others) of smaller appliances and living space. The Stakeholder Group needs to decide how to handle cases where the side benefits (amenity, other environmental benefits) overwhelm the net costs of GHG reduction.  Are these legitimate options for a GHG plan or for another policy initiative or a more comprehensive state sustainability plan?

(4) Other information about the option.

(5) Recommendations for inclusion (Yes), exclusion (No) and uncertain (Maybe) in the list sent to the Working Groups to help them narrow down the options they wish to consider for including in the modeling and the construction of a recommended draft Action Plan.

Note that a low cost option may not necessarily achieve a high level of emissions reductions and vice versa.  The most attractive options have savings or low costs and high emissions reductions.  The least attractive would have high costs and low emissions reductions.  We recommend eliminating high cost/low emissions reductions options from the list that the Working Groups will review unless there is a strong interest in pursuing a near-term high cost low impacts option to help promote its further development (lower costs, higher impact) beyond 2020.
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Potential savings in 
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Co-benefits
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inclusion in working 

group lists

ktC in 2020

$/tonC

1

$/tonC

1.  Continuation of existing and emerging demand-side 

management programs

1.1  Solar photovoltaic cells--buydown program 

1

$1,200

-$51 to -$72

Maybe

1.2  Residential efficient lighting and appliances

1

-$10

-$51 to -$72

Yes

1.3   Residential retrofit

15

-$7

-$30 to -$43

if significant expansion of current program

Yes

1.4  “Energy Star Homes” (residential new construction)

1

-$250

-$32 to -$47

Yes

1.5    “Design 2000,” promoting energy efficiency in new 

commercial and industrial buildings

5

-$230

-$40 to -$55

Yes

1.6   “Energy Initiative,” promoting energy-efficiency in 

existing commercial and industrial buildings

40

-$230

-$36 to -$52

if significant expansion of current program

Yes

1.7   Energy efficiency targets adopted by industrial firms

40

-$230

-$36 to -$52

Yes

2.  Possible additional demand-side management programs

2.1  Efficient residential cooling initiative

10

-$10

-$51 to -$72

Yes

2.2  Efficient residential gas heating initiative

10

-$15

-$22 to -$32

50% of gas furnaces switch to high efficiency

Yes

2.3  Solar hot water heating

<1

$1,500

-$22 to -$32

1% of gas heaters switch to solar

No

2.4  Switching to cleaner heating fuel 

30

-$200

-$22 to -$32

20% of oil furnaces switch to natual gas

Yes

2.5  Other end-uses 

(lighting, appliances, motors)

75

-$200

-$22 to -$32

expansion of current program

3.  Codes and standards initiatives

3.1  State/Regional appliance efficiency standards project

100

-$250

-$51 to -$72

 stand-by losses, traffic lights, transformers, 

ice makers, commercial refrigerators and 

unit heaters

Yes

3.2  Upgrade new construction practices

60

-$250

-$32 to -$47

Yes

4.  Promotion of on-site combined heat and power

4.1  CHP in industry

35

-$150

-$51 to -$72

Yes

4.2  CHP in other buildings & facilities

15

-$300

-$51 to -$72

Yes

5.  Public facilities clean buildings initiative

Not readily available

Not readily available

Yes

6.  Life style changes

6.1  Compact floor space area

5

-$400

-$25 to -$36

10% of new houses reduce floorspace by 

25%

Yes

6.2  Compact appliances

80

-$550

-$45 to -$64

20% of houses adopt smaller appliances

Yes

7.  Other

7.1  Technical assistance

70

-$150

-$36 to -$52

Yes

7.2  Tax credits

15

-$150

-$36 to -$52

for clothes washers, refrigerators, new 

homes, commercial buildings and building 

technologies

Yes

Note:  Yellow shading indicates new option added since previous list of options, Costs and co-benefits are per metric ton of saved carbon, negative values indicate net economic savings


1:  Awaiting specific information on existing programs (cost of saved carbon for option 1)
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1.  Energy efficient vehicle strategies

1.1  General vehicle efficiency

        If national CAFÉ standards

250

-$300

-$22 to -$32

Not feasible at State level

No

        10% of above, using local initiatives

25

same as above

same as above

State level efficency incentives, etc

Yes

1.2  State-owned vehicle efficiency

included above

included above

same as above

Yes

2.  Land use and vehicle miles traveled strategies

75

-$500

-$22 to -$32

Yes

2.1  Transit oriented development

Included above

Included above

same as above

Yes

2.2  Expand bicycle and pedestrian infrastructures

Included above

Not readily available

same as above

Yes

2.3  Commuting efficiency

Included above

Included above

same as above

Yes

2.4  Reducing commuting, including parking cash-out

Included above

Included above

same as above

Yes

3.  Land use related carbon sequestration

3.1  Cropland management and conversion

                3.1.1 Cons/low Tillage Farming

1

$2-$7

greater use of 

agricultural 

chemicals

Maybe

                3.1.2 Low Input Farming/improved cropping

<1

Not readily available

Reduced use of farm 

chemicals

Maybe

3.2  Forest management

10-40

$0-$40

healthier forests

Yes

3.3  Wetland expansion

<1

Not readily available

methane releases; 

ecological value

Maybe

            3.4  Urban tree planting

                3.4.1  Urban/Suburban Forestry

60

$150

public amenity

Yes

                3.4.2  Open Space Protection

60

$0

public benefits of 

open space

Yes

                3.4.3  Marginal Cropland to Forest

40

$2-$6

Reduces chemical 

use, non-point 

pollution, and soil 

erosion.

Yes

4.  Other strategies

4.1  Promote smaller autos

50

Net benefit

-$22 to -$32

20% of cars have 20% lower mileage

Maybe

4.2  Increase the gasoline tax

40

$200

same as above

Yes

4.3  Create VMT-based insurance premium structures

Not readily available

Net benefit

same as above

Maybe

4.4  Fleet fuel GHG content mandate

40

$100

same as above

Yes

Note:  Yellow shading indicates new option added since previous list of options, Costs and co-benefits are per metric ton of saved carbon, negative values indicate net economic savings
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1.  Renewable electricity strategies

1.1  System benefit charge programs continuation

Not readily available

$200

-$30 to -$75

Yes

1.2  Production tax credit

Not readily available

$200

same as above

Maybe

1.3  Renewable portfolio standard

200

$200

same as above

20% of electricity form non-hydro 

renewables by 2020

Yes

1.4  Net metering continuation

1

$200-$1000

same as above

Yes

1.5  Direct investments or expenditures

Not readily available

$250

same as above

Maybe

2.  State facilities renewable purchase requirement

Included above (1.3)

$200

same as above

Yes

3.  New air emissions caps

3.1  Caps on SO

2

 and NOx emissions

10

$250

policy cost of 

saved carbon 

directly reflects 

externailty benefit

Maybe

3.2 Carbon cap and trade permit system

80

$250

-$30 to -$75

Yes

4.  Solid waste reduction

10

-$400

Yes

4.1  Pay-As-You-Throw

Included above

Included above

Yes

4.2  On-site management of organic waste

Included above

Included above

Yes

4.3  Resource management contracting

Included above

Included above

Yes

4.4  Industry-specific waste reduction efforts

Included above

Included above

Yes

5.  Solid waste recycling

35

-$10

Yes

5.1  Recycling service

Included above

Included above

Yes

5.2

  

Pay-As-You-Throw

Included above

Included above

Yes

5.3  Deposit bottle system (“bottle bill”)

Included above

Included above

Yes

6.  Resource management contracting

Yes

6.1  Landfill Gas Capture/flaring

0-7

Not readily available

Yes

6.2  Livestock Biogas digesters

0-0.3

$50

Yes

6.3  Dry Management

0-0.3

Not readily available

Yes

6.4  Improved Feed Management

0-0.7

Not readily available

Yes

7.  Electricity supply

7.1  Landfill Gas to Electricity

30

$15

-$30 to -$75

Yes

7.2  Agriculture/forest residue to Electricity

<1

$230

-$30 to -$75

No

CROSS CUTTING OPTIONS

Some policy options would have impacts in all three sectors, and 

would affect many technologies of varying kinds.

1.  State tax on the use of energy based on its carbon content.

150

$200

-$30 to -$75

Not purely additive with other options

Yes

Note:  Yellow shading indicates new option added since previous list of options, Costs and co-benefits are per metric ton of saved carbon, negative values indicate net economic savings



The Figures that follow are “carbon reduction supply curves,” which show how much

carbon emissions reduction can be achieved by each option in order of ascending costs of saved carbon.  The x-axis is the amount of carbon saved, shown cumulatively as well as in the discrete step for each option, while the y-axis is the Cost of Saved Carbon (CSC) for each option. These curves were constructed by ordering the options in the table from lowest to highs CSC, and as each option is added increasing the total carbon reductions by the amount it achieves.
   The two curves were constructed to illustrate through comparison how a more aggressive or optimistic penetration rates of the options would achieve greater carbon reductions by 2020.

The curves could be used to examine the cumulative amount of carbon reduction that could be achieved up to a given CSC (draw a horizontal line from the y-axis value for the CSC and see the carbon reduction -- the x-axis value at the point of intersection with the curve). It could be also used to examine the highest CSC option required to achieve given carbon reduction (draw a vertical line for the x-axis value for the reduction target and see the highest CSC required -- the y-axis value at the point of intersection with the curve).  It could also be used to examine these targets on a cumulative basis (in this Figure the area under the curve up to a particular target is the cumulative cost.

The Cost-of-Saved-Carbon Figure below represents a comprehensive set of GHG reduction policies that could ramp up to annual reductions of more than 1300 MtC by 2020, with overall net dollar savings.

Cost of Saved Carbon Curve
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1.  Options with net benefits

Compact appliances and floorspace

Land use and VMT strategies

Smaller cars

CHP in industry & other buildings 

General vehicle efficiency

 “Energy Star Homes” 

Upgrade new construction practices

 “Design 2000,” 

“Energy Initiative”

Energy efficiency targets for industry

DSM for lighting, appliances, motors

Technical assistance

Tax credits

Switching to cleaner heating fuel 

Efficient residential gas heating initiative

Residential efficient lighting / appliances

Efficient residential cooling initiative

Regional appliance efficiency standards

Residential retrofit  

1. Options with net benefits

2-5

6

7

Options with net costs

2.  Cropland to Forest

3.  Cons/ Low tillage farming

4. Forest Management

5. Fleet Fuel Management

6.  Urban/Suburban Forestry

7.  Increase gasoline tax

8.  Renewable Portfolio Stand.

9.  State carbon tax

10. Emission cap and trade

11. Net metering

12.  Solar PV cells

13.  Solar hot water

9

8

13

12

11

10


The full set of options shown in the above Figure would fall somewhat short of a target of reducing emissions to 10% below 1990 levels by 2020.  However, some of these options could be applied even more aggressively to achieve greater emissions reductions, and these are shown in the table below.  Following the table is a second Figure that shows the options including those from the table implemented more aggressively. 
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Potential savings in 

Rhode Island

Cost of Saved Carbon

Co-benefits

Comments

Recommendation for 

inclusion in working 

group lists

ktC in 2020

$/tonC

$/tonC

BUILDINGS & FACILITIES

1.1  Solar photovoltaic cells--buydown program 

5

$1,200

-$51 to -$72

more aggressive program

Maybe

2.  Possible additional demand-side management programs

2.2  Efficient residential gas heating initiative

20

-$15

-$51 to -$72

100% of gas-heated houses use high 

efficiency

Yes

2.3  Solar hot water heating

5

$1,950

-$51 to -$72

10% of gas heaters 

No

2.4  Switching to cleaner heating fuel 

90

-$200

-$51 to -$72

60% of oil heated houses 

Yes

2.4a Houses in 2.4 switch to high efficiency gas-heaters

15

-$15

Yes

2.5  Other end-uses

160

-$200

more aggressive program with national 

support

Yes

6.  Life style changes

6.1  Compact floor space area

10

-$400

-$25 to -$36

20% of new houses reduce floorspace by 

25%

Yes

6.2  Compact appliances

160

-$550

-$45 to -$64

40% of houses adopt smaller appliances

Yes

TRANSPORTATION AND LAND USE

1.1  General vehicle efficiency

       20% of national CAFE, using local initiatives

50

-$300

-$22 to -$32

State level efficency incentives, etc

Yes

4.1  Promote smaller autos

100

Net benefit

-$22 to -$32

40% of cars have 20% lower mileage

Maybe

4.2  Increase the gasoline tax

80

$400

same as above

higher tax

Yes

ENERGY SUPPLY, RENEWABLE RESOURCES, & WASTE 

MANAGEMENT

3.2 Carbon cap and trade permit system

185

$350

-$30 to -$75

stricter targets

Yes

Note:  Yellow shading indicates new option added since previous list of options, Costs and co-benefits are per metric ton of saved carbon, negative values indicate net economic savings



Cost of Saved Carbon Curve – more aggressive implementation of options
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1. Options with Net Benefits

2-5

6

7

Options with net costs

2.  Cropland to Forest

3.  Cons/ Low tillage farming

4. Forest Management

5. Fleet Fuel Management

6.  Urban/Suburban Forestry

7.  Renewable Portfolio 

Stand.

8.  State carbon tax

9.  Net metering

10. Emission cap and trade

11. Gasoline tax

12.  Solar PV cells

13.  Solar hot water

9

8

13

12

11

10

1.  Options with net benefits

Compact appliances and floorspace

Land use and VMT strategies

Smaller cars

CHP in industry & other buildings 

General vehicle efficiency

 “Energy Star Homes” 

Upgrade new construction practices

 “Design 2000,” 

“Energy Initiative”

Energy efficiency targets for industry

DSM for lighting, appliances, motors

Technical assistance

Tax credits

Switching to cleaner heating fuel 

Efficient residential gas heating initiative

Residential efficient lighting / appliances

Efficient residential cooling initiative

Regional appliance efficiency standards

Residential retrofit  
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� All of the quantitative information is in carbon equivalent. For carbon dioxide, this accounts for the fact that a ton of carbon is equivalent to 12/44 of a ton of carbon dioxide.  For other GHGs it takes account of their potency as a greenhouse gas (i.e., in contributing to cumulative warming over time).  Thus, for example, a ton of methane released to the atmosphere has the same global warming potential as about 6 tons of carbon or 21 tons of carbon dioxide.


� In some cases, especially when the cost of the renewable plant is relatively close to that of the fossil alternative, including externalities (generally far higher for the fossil plant, could tip the balance and make a small net cost into a net savings in shifting from fossil to renewable generation. 


� We do not include all of the options from the Table in order to limit double counting.
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