
Memo

To:
Rhode Island Greenhouse Gas Buildings and Facilities Working Group


From:
Steve Bernow, Alison Bailie, Dave Nichols, Tellus Institute

CC:


Date:
4/3/2002
Re:
Response to April 2, 2002 memo from John Batey, Updated Inputs for Tellus Model for Option 2.4a

One of the measures analyzed for the Buildings and Facilities working group has resulted in  disagreement between Tellus and one of the working group members, John Batey, on the estimates for the amount and cost of saved carbon.  The measure involves encouraging residential consumers that are currently using oil space heating to switch to natural gas fuel heating at the natural point of equipment replacement.  Tellus sent the detailed assumptions and calculations for this measure to Mr. Batey last week.  After a couple phone conversations, Mr. Batey responded with a memo.  Tellus thanks Mr. Batey for his careful review. We respond with this memo, which highlights the sources and differences in the assumptions made by Tellus and Mr. Batey, and isolates the effects of these differences on the estimates of costs and amounts of saved carbon.

1. Applicability of model – Mr. Batey correctly points out that this measure only applies to the fraction of homeowners that would naturally be replacing their oil furnaces due to equipment retirement, estimated at 5% of the oil furnaces, based on a 20 year lifetime.  Tellus agrees with this assessment and had already accounted for that in its estimated carbon reductions by 2020.
As noted in measure description in the B&F Scoping Paper, Tellus assumes a gradual replacement of oil furnaces such that by 2020, 20% will have shifted to gas.  This is equivalent to having a 16 year program that, each year, causes about 25% of retiring oil furnaces to switch to gas (.25*.05*16=.2).  The measure does not assume that all oil furnaces will be replaced or even that all retiring furnaces will be replaced.  Thus, we feel that the cost that Mr. Batey attributes to 95% of homeowners is not appropriate in this case.  Tellus will change the description in the Scoping Paper and related documents to clarify that this measure only applies to systems slated for replacement.

Mr. Batey also notes that the Tellus calculations refer to furnaces rather than boiler systems.  While boiler systems are more expensive than furnaces, the key factor in these calculations is the difference between the natural gas and oil system, regardless of the base system cost.  Reviewing his memo and attachments, the conversion cost for boilers appears similar to the conversion cost for furnaces.  Since boilers have similar equipment efficiency as furnaces, the calculations in this memo will apply equally to boilers. If boiler systems are less efficient than this memo overestimates the cost of saved carbon and underestimates the carbon savings.
2. Costs in model

The following section follows Mr. Batey’s memo, first showing the Tellus assumptions and resulting results then showing Mr. Batey’s assumptions and results.

The following table presents some of the key parameters that Tellus used when estimating the cost and amount of carbon savings for this measure.  The value for other variables considered in the calculation can be found in the appendix to the Buildings and Facilities Scoping Paper.

Tellus 1 - Just emissions from on-site combustion of fossil fuels




Natural gas
Oil
source

emission rates (lbs CO2e/MMBTU)
117
162
US EPA

equipment cost ($/house)
 $1,350 
 $ 850 
EIA/NEMS, including conversion to gas

fuel price ($/MMBTU)

 $ 8.00 
 $ 7.70 
EIA/NEMS

measure 2.4a, residential fuel switching oil to natural gas at end of equipment life

cost of saved carbon ($/tonneC)


 $ 36 


saved carbon in 2020 (tonneC)


 22,000 


Mr. Batey felt that these estimates were not representative of the real effects of the measure.  In particular he felt that: (a) the emission rates for natural gas should include methane leaks from pipelines, (b) the equipment costs were to low, and (c) the fuel price for natural gas was too low.  Tellus agreed that methane leaks were excluded in its initial analyses but that so, too, were emissions from the upstream oil supply, and that these effects could be included in the next stage of modeling.

(Tellus expects to include all upstream emissions during the LEAP modeling phase of this project for all measures together.  These emissions include emissions from oil refining and delivery as well as emissions from natural gas leaks and extraction.)

Mr. Batey felt that the methane emissions for natural gas (from leakage that he estimated at 2.6% of natural gas consumption) should be included.  To estimate the carbon equivalent of these emissions he assumed a relative Global Warming Potential of 30 (methane to carbon dioxide on a mass basis) The equipment costs that Tellus used were obtained from the Energy Information Association’s National Energy Modeling System (EIA/NEMS) and reflect a national value. Tellus is happy to use values more specific to Rhode Island. Fuel prices are problematic since the estimate refers to values in 2020 – Tellus applied fuel prices from EIA/NEMS.  Mr. Batey suggested using the relationship between oil and natural gas prices from recent history – where natural gas prices have been about 15% above oil prices.  Finally Mr. Batey assumes an annual $25 maintenance cost for natural gas systems.  Changes were made to the analysis to reflect the values from Mr. Batey, as displayed below.  

J. Batey - include 2.6% methane leak from natural gas, no other upstream emissions




Natural gas
Oil
source


Emission rates (lbs CO2e/MMBTU)
149
162
include methane leaks of 2.6%, using





CH4 to CO2 conversion of 30 (GWP) 

fuel price ($/MMBTU)

$8.80
$7.70
Batey estimate, gas 15% higher than oil

equipment cost ($/house)
$3110
$2360
Batey from recent memo 

Measure 2.4a, residential fuel switching oil to natural gas at end of equipment life

cost of saved carbon ($/tonneC)


 $  902 


saved carbon in 2020
(tonneC)


 6,199 


The above assumptions lead to significantly different cost and carbon reduction estimates from those of Tellus.

For comparison, the next set of values show how including upstream emissions with the other Tellus values will alter the final estimates of costs and emissions.  The estimates for emissions from upstream processes come from M. A. Delucchi, A Lifecycle Emissions Analysis: Urban Air Pollutants and Greenhouse-Gases from Petroleum, Natural Gas, LPG, and Other Fuels for Highway Vehicles, Forklifts, and Household Heating in The 

U. S., World Resources Review 13 (1): 25-51 (2001).  Although this paper was funded in part by the Propane Education and Resource Center, it builds on work by Delucchi completed for the Office of Transportation And Air Quality, US EPA.  

Tellus with Upstream - including upstream emissions for both oil and natural gas 




Natural gas
Oil
source


Emission rates (lbs CO2e/MMBTU)
143
201

above plus estimate for upstream

fuel price ($/MMBTU)

$8
$7.7

EIA/NEMS

equipment cost ($/house)
$1350
$850

EIA/NEMS, including conversion to gas

Measure 2.4a, residential fuel switching oil to natural gas at end of equipment life

cost of saved carbon ($/tonneC)


 $     27 


saved carbon in 2020 (tonneC)



 26,817 


Note that that including all upstream emissions the results differ only slightly from the initial Tellus estimates of reductions and costs.

The next sets of assumptions and results attempt to isolate the main differences between Tellus calculations (now modified to include all upstream emissions) and Mr. Batey’s, by considering changes individually starting with the Batey estimate above.

The first change is to include upstream emissions from oil refining.

J. Batey - include 2.6% methane leak from natural gas plus upstream emissions for oil




Natural gas
Oil
source


Emission rates (lbs CO2e/MMBTU)
150
201
include methane leaks of 2.6%, using




CH4 to CO2 conversion of 30 (GWP) 

fuel price ($/MMBTU)

$8.86
$7.70
Batey estimate, gas 15% higher than oil

equipment cost ($/house)
$3110
$2360
Batey from recent memo

Measure 2.4a, residential fuel switching oil to natural gas at end of equipment life

cost of saved carbon ($/tonneC)


 $   246 


saved carbon in 2020
(tonneC)


  23,500 


Now the carbon reductions are only slightly lower than those of Tellus, but the costs are still higher although far closer than before.

We note that the natural gas emission rate from Mr. Batey is much higher than the Tellus estimate with upstream emissions.  In reviewing the calculations we note that Mr. Batey applies a global warming potential
 of 30.  Values for GWP do vary depending on the time horizon considered by the analysis.  The EPA suggested value is 21, referring to a time horizon of 100 years (US EPA INVENTORY OF U.S. GREENHOUSE GAS EMISSIONS AND SINKS: 1990 – 1998 (April 2000) EPA 236-R-00-001, Appednix K).  Applying 21 as GWP rather than 30, leads the emission rate for natural gas to reduce to 140 lbs CO2e/MMBTU.  When this value is applied to the emissions, the following calculations occur.

J. Batey - include 2.6% methane leak from natural gas plus upstream emissions for oil with lower GWP for estimates of methane leak effects




Natural gas
Oil
source


Emission rates (lbs CO2e/MMBTU)
140
201
include methane leaks of 2.6%, using




CH4 to CO2 conversion of 21 (GWP) 

fuel price ($/MMBTU)

$8.86
$7.70
Batey estimate, gas 15% higher than oil

equipment cost ($/house)
$3110
$2360
Batey from recent memo

Measure 2.4a, residential fuel switching oil to natural gas at end of equipment life

cost of saved carbon ($/tonneC)


 $   205 


saved carbon in 2020
(tonneC)


      28,237 


The carbon reduction is now about the same as that of Tellus. Costs are still much higher.

Finally we considered the effect of fuel prices.  By reducing the price of natural gas to $8/MMBTU, the calculations become:

J. Batey - include 2.6% methane leak from natural gas plus upstream emissions for oil with lower GWP for estimates of methane leak effects, lower natural gas price




Natural gas
Oil
source


Emission rates (lbs CO2e/MMBTU)
140
201
include methane leaks of 2.6%, using




CH4 to CO2 conversion of 21 (GWP) 

fuel price ($/MMBTU)

$8.00
$7.70
Batey estimate, gas 15% higher than oil

equipment cost ($/house)
$3110
$2360
Batey from recent memo

Measure 2.4a, residential fuel switching oil to natural gas at end of equipment life

cost of saved carbon ($/tonneC)


 $   92 


saved carbon in 2020
(tonneC)


      28,237 


The final difference in costs $92/tonneC for Batey compared with $27/tonneC reflect the difference in conversion costs for the system ($750 per house for Batey, $500 for Tellus) and the annual cost of maintenance for the natural gas system ($25 for Batey, negligible for Tellus).  Carbon reductions are essentially the same.

� Note that these values differ slightly from the scoping paper estimates.  Earlier discussions with Mr. Batey indicated that our estimate of emission factor for natural gas was too low (103 lbsCO2/MMBTU).  This emission factor only includes the carbon dioxide portion of combustion emission.  The 117 lbs CO2 equivalent/MMBTU factor includes the methane and N2O emissions from natural gas combustion.  Tellus also adjusted the lifetime of both natural gas and oil equipment to 20 years.


� Global warming potential is a term used for the estimate the contribution to global warming associated with non-CO2 emissions in comparison with CO2 emissions.  It is expressed as a ratio to CO2.
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