Objective.

In this paper I will try to calculate how much CO2 is thrown out by wood burning kilns and as a comparison one natural gas fired kiln. I would also like to use energy units to compare what using a different fuel would have thrown out compared to the fuel used.
 I will look into how much land is necessary to offset the CO2 put out by the kilns. I will also look at some research on CO2 offsets and see how that fits into the framework of wood firers seeing themselves as carbon neutral.

Organization of the paper.

Summary.

My opinion.

Part 1 
Calculations for kiln CO2 outputs.
This section shows data for 3 kilns. Two of the kilns are wood fired, one is gas fired. It includes cross fuel comparisons for each of the kilns.
Part 2

Weighted fuel CO2 outputs.
This part of the paper looks into the life cycle outputs for electrical generation. It includes CO2 outputs for 1 kWh generated by 

Coal 

Natural gas
 Nuclear 
Hydroelectric
Wood  
Photovoltaic solar 
Wind power 
Part 3

This part goes into offsets. Defining what they are and includes the following questions and answers I found.

What is an offset?

How many trees would I need to plant to offset for one ton of CO2?

How much land would you need to plant to offset the emissions for one kiln load?
How much have forests expanded in the last 20 years?
The last part of the section gives answers for the three kilns.

References.
Summary.
Wood puts out more CO2 per unit of fuel used than other fuels. That is accepted in all analysis of fuel density that I looked at. Depending on the size of the kiln and the fuel used to generate electricity wood will sometimes throw out less CO2 per set energy amount  if the kiln is fired with electricity. The smaller the kiln the more likely wood will put out less CO2 than if fired by electricity if the electricity is generated by coal. It should be noted that the trend is toward cleaner generation of electricity in the U.S. 

Wood comes out in a far second place compared to electricity generated by everything other than coal. On a lifecycle weighted basis wood comes in last with even coal far cleaner. 

If a wood firer was only concerned with putting out the least amount of CO2 this paper shows wood isn’t the best fuel. 
In order to be considered carbon neutral an individual wood firer would have to keep an amount of trees in reserve for a set amount of years. There are of course other offset mechanisms available but this paper didn’t look at them. The other offsets would probably be more appropriate for most wood firers. I only looked at using trees as an offset mechanism.

The acreage ranged from 1.3 acres for the natural gas fired kiln profiled to 18 acres for my kiln.

There are some countries that have increased their forest coverage. The world taken as a whole is seeing 73,000 square kilometers being deforested each year. This trend is slowing.  
My opinion.
Is it possible to be carbon neutral as a wood firer? It is absolutely possible. It is also absolutely possible to be carbon neutral firing with gas or electric. If you are using trees as an offset tool it is far more realistic to offset the CO2 for a gas fired kiln than it is for wood. 

Having done this research will I switch fuels? No. I haven’t ever considered myself carbon neutral and still don’t. I am not looking to motivate wood firers to change fuels. I would like to move the debate along. If a wood firer takes a theoretical position that since wood is renewable it is carbon neutral and therefore a desirable fuel the position is just that, theoretical. The playing field is very crowded and the competition is fierce for available offset resources. I think as the kiln moves up in size and firing frequency it becomes more difficult to show how one is carbon neutral. That isn’t to say everyone who fires with wood isn’t carbon neutral but as a sector of the ceramics industry my view is wood firers aren’t carbon neutral.
I decided to write this paper as a response to the papers titled “WOOD: THE MOST ECOLOGICALLY SOUND FUEL?” and “A Change in the Air”
I agree with some of the points laid out in the papers. I disagree with others.
 The 3 kilns outlined below are fired by full time potters.
I don’t personally believe in “off shoring” or externalizing solutions. That is in respect to paying a tropical country to preserve rainforest so I can continue my lifestyle. I believe in the assumptions of offset solutions and I am aware some of the assumptions for externalized offsets are economically based. I don’t think the effects of externalized offsets are well known or can be known for a long time. The thinking that the “lungs of the world”
 theory works in some cases but I am allowed to look at the forests in my country in a different light in other cases has an inherent tension and is contradictory. I do think preserving forests and rainforests is a great idea. I also think keeping ones own house or country in order is a great idea. There is tremendous resistance from countries in the tropics to seeing their sovereign lands used to offset other countries CO2 outputs.
I am not trying to get wood firers to change fuel with this paper. I will continue to fire with wood. I don’t and won’t call my self carbon neutral. When I can meet the offsets requirement I laid out in the part of the paper dealing with individual kiln offsets I might call myself carbon neutral. 
The data I have is for 2 kilns that are roughly the same size and one, mine, that is closer to the size of the kiln fired by the author of the ““WOOD: THE MOST ECOLOGICALLY SOUND FUEL?” paper.
, 
.  I am not interested in incomplete burning and the effects on the environment that will have or comparisons in efficiencies between these 3 types of kilns. I am principally concerned with the CO2 output of the kilns.
 I was genuinely surprised to see the reaction to my blog posts on carbon output of wood firers.
 I would call my self CO2 neutral if I decide to get enough land and keep it in trees for 40-50 years as I have laid out in part 3, How much land would you need to plant to offset the emissions for one kiln load?. In Japan that would be very expensive. 

If one is only concerned with CO2 outputs wood isn’t the way to go.
 The following is from a new report.

 The problem with all this biomass, critics argue, is that wood can actually churn out more greenhouse gases than coal. New trees might well cancel that out, but they do not grow overnight. That means the low-carbon attributes of biomass are often realized too slowly to be particularly useful for combating climate change. 
The net effect of harvesting wood for bioenergy is complicated

and requires more analysis. Each ton of wood

consumed in a boiler instead of coal does not significantly

alter combustion emissions. However, some of the wood

in standing timber is typically not utilized and is left to

decay in the forest or nearby, causing additional emissions.

Much of the carbon in roots will also decompose.

Replanting may accelerate release of carbon from forest

soils.
Sustainability isn’t guaranteed because one is using wood. The report above and most papers looking at forest permanence cite factors that are highly variable such as individual management practices in CO2 targets not being met.
I would like to thank Bill Geisinger for his patient proofing and data and Hank Murrow for his data and answers to numerous questions. I would also like to thank my sister for her proofreading as I sent her revised copy after revised copy.
The next part of this paper is in a question and answer format. This is the format I used to research. 
Part 1   Calculations for kiln CO2 outputs.

.

This data is from Hank Murrow.

I use a Doorless Fiberkiln of my own design and manufacture of 28 Cuft stacking capacity. I fire a 28 hour cycle to C10_11 with a 3_6 hour soak in oxidation @ 1900F during the cooling cycle. this cycle averages around 22 therms of natural gas, or 2.2 million BTU for the entire firing.

Hank fires 12 times a year. The data below is for one firing. This data doesn’t include the natural gas usage for bisque firing. A bisque firing takes about 4 therms. I haven’t done the calculations for these therms. Kiln construction is Stainless steel shell lined with ceramic fiber, mild steel pad filled with insulating block and castables. Lifting design. The kiln and pictures can be seen at http://www.murrow.biz/hank/
He used natural gas so he threw out 295.812 pounds of CO2.

If he had used electric he would have thrown out  CO2 in the range of 19.338 lbs of CO2  to 1443.904 lbs of CO2 with a national average of  856.67 lbs CO2.

  
, 
, 
, 

If he used hickory wood he would have thrown out  CO2 in a range of 908.336 pounds – 3,670 lbs of CO2.

The following data is from Bill Geisinger’s kiln.

I  use 1/2 (2000 lbs) a cord per firing for my 30 cu ft wood kiln. I burn eucalyptus which weighs between 6470-7320 lbs wet and 3550-4560 dry the BTU per cord is estimated at 32.5-34.5 million BTU. My wood is seasoned for a year once it's been split and I live in a marine influenced climate so I estimate 4000lbs per cord dry. My kiln is a modified fast fire kiln with a 16ft tall chimney.  1000 lbs to get to temp cone 10 and another 1000 lbs to maintain temp. over all firing time 36 hours this does not include the 30-50 lbs of wood to do my pre-heat for 16 hours.

Bill fires on average 4 times a year. The data is for a single firing. He doesn’t bisque. Kiln construction is a mix of hard brick and insulated fire brick. Fire boxes are 100% hard brick the firing chamber is a mix of insulated and hard brick but mostly insulated all areas are 9 inches thick. The arch has a clay, sawdust, cement insulation that is an additional 5 inches thick.
His website is http://www.billgeisinger.com/ It has flash so will take a few seconds to load.

For the purpose of calculating BTU’s I am using a recoverable BTU per cord of 23.45 million, so I need 11,725,000 BTUs for his firing. See the bottom of note 19 for more information on this calculation.
In using 2000 lbs of wood he threw out  3,670  lbs of CO2. note 2 

If he had used electric he would have thrown out CO2 in a range of 103.06 lbs CO2  to 7,695.352 lbs CO2  with a U.S. national average of  4,565.68 lbs CO2 
, 
, 
, 

If he used natural gas he would have thrown out 1,576.5435 pounds of CO2. 

 note 3

The following data is from my kiln.

This following wood weight data is from my teacher’s kiln His kiln is within 10% of mine. 
My kiln is a 9 meter long teppo kiln. To fire it for about 5 days takes about 6 metric tons of Japanese pine. The inside area is 317 cubic feet or 9 cubic meters.
If I used Jack Pine which I used as a substitution for Japanese Red Pine I would have thrown out  24,272.646 lbs of CO2. 

If I had used electric I would have thrown out CO2 in a range of 521.4228 lbs of CO2 to 38,932.9 lbs of CO2  with a U.S. national average of  23,098.02 lbs CO2


, 
, 
, 

If I used natural gas I would have thrown out 7,976 pounds of CO2. 

Part 2 Weighted fuel CO2 outputs.

Weighted electricity generated by different fuels.
An often heard defense of using wood for fuel is how high the real CO2 outputs are for other types of fuel. I have taken some data for generating electricity using different fuels and calculated what the CO2 output would be for each of the kilns. To understand the data you need to look at the data for each kiln above and look at the amount of therms used and I have put that into kWh. It is a little confusing but very interesting. These figures are difficult to critique for accuracy. The site I used didn’t give any breakdown on how they arrived at their numbers. I tried to avoid sites that give this type of “from on high” data but in this case I couldn’t.
It quickly became obvious I could spend innumerable hours tracking down the “correct” weighting for the “life cycle analysis” for CO2 emissions. I am going to take an example of one site’s numbers and run through the numbers.
,
,

These are "life cycle analysis" of CO2 emissions for various methods of powering an electric generator. All data excludes what effect offsets would have on the numbers. In theory all the numbers would offset to zero since that is what happens in a perfect world. The bottom of this analysis has the source. These numbers include manufacturing the generating equipment and processing the fuel. These numbers are in grams per kWh. This is only one of many different weightings of which no two agree. I am using the data in the examples from the kilns above for my data. 

This data is from Hank Murrow.

If he had fired his kiln using electricity generated by:
Coal = 1,314.517 lbs CO2
Natural gas = 611.072 lbs CO2
Nuclear = 8.52527 lbs CO2
Hydroelectric = 5.68351  lbs CO2
Wood  = 2,131.649  lbs CO2
Photovoltaic solar = 149.215  lbs CO2
Wind power = 17.7626  lbs CO2

Bill Geisinger’s kiln 

If he had fired his kiln using electricity generated by:
Coal = 7,005.65lbs CO2
Natural gas = 3,256.74lbs CO2
Nuclear = 3,256.74lbs CO2
Hydroelectric = 30.45lbs Co2
Wood  = 11,360.72lbs CO2
Photovoltaic solar = 795.25 lbsCO2
Wind power = 94.67lbs CO2

The following data is from my kiln.

If I had fired my kiln using electricity generated by:
Coal = 35,444.165lbs CO2.

Natural gas = 16,476.745lbs CO2
Nuclear = 229.908 lbs CO2
Hydroelectric = 154.056lbs Co2
Wood  = 57,482.254lbs CO2
Photovoltaic solar = 4023.392 lbsCO2

Wind power = 454.751lbs CO2
Part 3  Offsets

.

What is an offset?

There is more written about offsets than I could read but to take a look at the ideas that run through out the data. I am going to mainly focus on using trees as an offset mechanism.
Answer. There are detailed parameters of what makes an offset an offset that are project specific. I would like to look mainly at baseline, permanence and additionality. 

Baseline and additionality are a little strange to look at in reference to an activity that at least initially is an addition of CO2 to the atmosphere. I think these criteria need to be looked at in “reverse”. That is to say that these are criteria used to determine a baseline of CO2 for CO2 reducing projects. I am concerned with the burning of wood which will put CO2 into the air regardless if offsets are on hand or not. There are 2 basic premises in the wood firing is neutral camp. One is that since I get the wood from my land and more grew to replace it my wood is offset by this new wood. The other premise is that since there is a tree that has taken the place of the tree I burned I am carbon neutral. As long as the system is closed these two premises work.
 The problem is the system usually isn’t closed. Taking the natural baseline approach I have a natural system that is in balance.
 I include a small, simple analysis of what I will call “The status quo” in note 32. It should be noted this status quo isn’t the way things are now. At this time there is a huge excess stock of CO2 that needs to be offset.  One of the core points of the problem is there is fierce competition for these offsets weather they are located on land that is either private or public.

Baseline proved to be a very hard parameter to define in research. Part of the problem is baseline is defined in terms of offset baseline. What would be the baseline of emissions if the project didn’t go forward. The project in question is usually a CO2 reduction project and I am looking for a natural equilibrium baseline. My search is what would be a baseline CO2 level if the project didn’t go forward. The project I am looking at is firing a kiln. Most of the data on baseline as it applies to offsets concerns what the baseline carbon sequestration would be if the OFFSET project didn’t get put into place.  My basic premise is that there is a natural stasis that is when everything is left alone. If a tree is taken out of that stasis and converted into CO2 you have a net gain in CO2. The natural cycle has been disrupted. If you plant a tree to offset the disruption the effect of carbon sequestration has to have a time frame that is well defined in research data to have the desired effect, i.e., the one tree for one tree effect. You can only disrupt that time line as many times as you have carbon growing in reserves in a set and defined timeline.
 The idea that waste wood is somehow free carbon is interesting. It ignores the fact that in all writing about offsets there is either a tree standing doing active sequestration, there is removal from that forest for long time sequestration or there is decay in the form of actual decay or some other release of the sequestered CO2. For an excellent diagram of this cycle see Sampson, Terrestrial Carbon Sequestration in the Northeastr http://www.sampsongroup.com/Papers/NE%20Carbon%20Sequestration.pdf. You should note this is a huge file. For a diagram that shows carbon sequestration does slow down but doesn’t stop in trees 200-250 years old. see Olivotto, Carbon and Forests. http://olivotto.com/carbon/
Permanence is everywhere you look in research in relation to offsets. It isn’t possible to ignore time as a factor in how the baseline is affected. There is in every analysis a set time frame the offsets have to be in place for the desired effect to take place. Either wood is in a state of active sequestration, i.e., standing, it is in stock, i.e., cut and put into what papers call long term sequestration, or released in the form of decay or as it applies to this paper, burned. A favorite of the carbon is neutral camp is “waste wood.” Waste wood falls into the “in stock” category. It may be headed for a number of longer term stock scenarios or it can be burned or released by decay. If it is burned it has entered the “released” category. If it is released by decay the time frame is much longer and fits much more in the natural cycle.  There is a very good discussion of what drives release of CO2 from the stock pool in the paper in note 3. See also Sampson, Terrestrial Carbon Sequestration in the Northeast, linked to above, for an illustration of this., 
How many trees would I need to plant to offset for one ton of CO2?

I have taken industry standards to calculate this. We as wood firers are quick to apply numbers that make us look the best and other fuels look the worst. I think the same standards should be applied across the board. It should be noted the tree count below works in the favor of wood firers as it requires less land to achieve the desired offset. Please look at all the sources and if you come up with another number calculate out from there. 

I arrived at this answer by averaging a couple of sources.
Answer. .  The sources vary a lot in how much each tree absorbs.  Taking the data together it seems you need to plant 6 trees to insure one of them lives 50 years and offset one ton of CO2 in its lifetime. You could plant 36 maple trees and leave them for 25 years or 15 pine trees. Combining this with the note below I can offset 17.73 tons of CO2 per acre per 50 year block of time. This assumes I plant 266 pine trees per acre and leave them for 50 years to mature. I can plant 266 maple trees per acre to offset 7.388 tons per acre per 50 year block.
, 

How much land would you need to plant to offset the emissions for one kiln load?
Answer.  I will go with a 58% density of the maximum of 459 for 266 trees per acre density. This assumes 1 in 5 will live out its full potential. In the acre I will have 53.2 tons of CO2 offset over a 40- 50 year period.

So I have 266 trees per acre. 266 trees of which 53-54  have a good chance of living to 50 years old. The acre should adsorb 2,700 lbs per year for 40-50 years. This is calculated by 50 pounds per tree per year * 54 trees.

In an acre planted at that density you are getting 2.7 tons of CO2 sequestration per year if the model is followed out to the end. If it is cut short by fire or removal this equation won’t be accurate.

In my example Bill throws out 3,670 lbs CO2 per firing. He  would be carbon neutral to fire 4 times per year if he set aside 5.4 acres at that density for 40-50 years. 3,670 *4/2,700 = 5.4 acres

For the example of my large kiln it would calculate as follows.

I need to offset 24,272.646 lbs of CO2 per firing. I get 2,700 lbs per acre per density laid out above. I can fire .1 (point 1)  times per year at this density. I fire about 6 times a year but this calculation is for only 2 times a year since my other kiln is a different size and uses slightly less wood. I need to keep 18 acres for 40-50 years to remain carbon neutral. 24,272*2/2,700= 18 acres

For the example of the gas kiln Hank needs to offset 295.812  pounds of CO2 per firing. One acre would offset enough to fire 9.1times per year.  He fires 12 times a year so if he was concerned about carbon neutrality he would need to keep 1.3 acres in trees for the time frame. 295.812*12/2,700= 1.3 acres

How much have forests expanded in the last 20 years?

Answer. This is a question that needs to be answered at a country specific level and at a world wide level. In balance there has been a year on year decline of 73,000 km2 of forests. Country specific information for a couple of countries is listed below. I have included this to show offsets need to be considered in a variety of ways. While someone may consider the system closed in the sense that they get wood from their garden or plot of land the system could also be considered closed in the sense of the country. I didn’t include CO2 emissions increases but if I did it would be clear that even the countries showing a net increase in forest cover show an even larger increase in CO2 outputs. With this imbalance I don’t think it is realistic to say the increase in a country specific system can be allocated to wood firers. It has already been allocated at the national level. Looking at the ultimate closed system, the earth, it is obvious there is a huge decrease in forest cover year on year and a huge increase in CO2 output.
From Mongabay.

For France.

Forest 1990 (ha)14,538,000
Forest 2005 (ha)15,554,000
Total Change 1990-2005 (ha | %)1,016,000 hectares, 6.99%

For Australia.

Forest 1990 (ha)167,904,000

Forest 2005 (ha)163,678,000

Total Change 1990-2005 (ha | %)(4,226,000)-2.52%

For Germany,

Forest 1990 (ha)10,741,000

Forest 2005 (ha)11,076,000

Total Change 1990-2005 (ha | %)335,000 3.12%

For Japan

Forest 1990 (ha)24,950,000

Forest 2005 (ha)24,868,000

Total Change 1990-2005 (ha | %)(82,000)-0.33%

U.S.

Forest 1990 (ha)298,648,000

Forest 2005 (ha)303,089,000

Total Change 1990-2005 (ha | %)4,441,0001.49%

World wide in the period between 2000 and 2005 estimated net loss in forest area was 73,000 km2 per year. This is an area a little larger than Ireland or the combined area of the U.S. states of Massachusetts, New Hampshire and Vermont.

�  I lay these comparisons out in the third part of this paper. I think there is a fundamental flaw in going from gas to wood or electric or any combination.. It probably has to do with efficiencies. Natural gas is far more efficient than wood in getting available BTU’s into the needed area. I am sure gas has its inefficiencies too. Wood has inefficiencies. Electric also has its efficiencies and inefficiencies. 





� The thinking that the rain forests should be preserved since they are the lungs of the world.


� These kilns were selected because they were the only ones that I was able to get hard data on. I originally planned to present this paper at a conference in Germany but it happened that that didn’t work out. I had also hoped to have more data for a couple of European countries and for Australia but couldn’t find people to do the research or people to give me data. I did get some data from an Australian firer but it didn’t fit my parameters so I regrettably couldn’t use it. Because of this most of my paper is U.S. centric. I have the formulas to figure all the calculations so it is possible to reproduce data from your own weights of wood or BTU’s.





� I should say it is unclear who the actual author of is the paper. The website I downloaded it from is of a firer that has a very large kiln


� � HYPERLINK "http://togeii.wordpress.com/2010/06/02/carbon-output-for-wood-firers/" ��http://togeii.wordpress.com/2010/06/02/carbon-output-for-wood-firers/� and � HYPERLINK "http://togeii.wordpress.com/2010/06/03/carbon-footprint-of-wood-firers-part-2/" ��http://togeii.wordpress.com/2010/06/03/carbon-footprint-of-wood-firers-part-2/� and � HYPERLINK "http://togeii.wordpress.com/2010/06/10/how-did-my-carbon-credit-end-up-in-your-kiln/" ��http://togeii.wordpress.com/2010/06/10/how-did-my-carbon-credit-end-up-in-your-kiln/�


� � HYPERLINK "http://www.manomet.org/node/322" ��http://www.manomet.org/node/322�


� 


This data is from a power company but the rate matches other sources for natural gas.





o	Natural Gas: 13.446 lbs CO2 per therm


o	From � HYPERLINK "http://www.pge.com/myhome/environment/calculator/assumptions.shtml" ��http://www.pge.com/myhome/environment/calculator/assumptions.shtml�


This source � HYPERLINK "http://www.naturalgas.org/environment/naturalgas.asp" ��http://www.naturalgas.org/environment/naturalgas.asp� gives a figure of 11.7 lbs CO2 per therm.


This source, � HYPERLINK "http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions" ��http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions�


gives 12.06 lbs CO2 per CCF. One CCF is slightly larger that a therm. 





1 therm = 100,000 BTUs. He used 2,200,00 BTUs.


2,200,000 BTUs / 100,000 = 22 therms 








I think there is a fundamental flaw in going from gas to wood or electric or any combination.. It probably has to do with efficiencies. Natural gas is far more efficient than wood in getting available BTU’s into the needed area. Wood has a lot of inefficiencies. Electric also has its efficiencies and inefficiencies. 





� 


This formula is: one therm = 29.3 Kwh. I need 22 therms. 22 * 29.3 = 644.6 Kwh for 22 therms. 1 Kwh = .524 lbs CO2.  so 644.6 * .524 = 337.7704 lbs CO2. See note 1a for 1999 data.


Using PG& E data. From � HYPERLINK "http://www.pge.com/myhome/environment/calculator/assumptions.shtml" ��http://www.pge.com/myhome/environment/calculator/assumptions.shtml�





�


This is data from a paper, CO2emissforelectric. � HYPERLINK "http://www.eia.doe.gov/electricity/page/co2_report/co2report.html" ��http://www.eia.doe.gov/electricity/page/co2_report/co2report.html�


The paper is from 2000 and data is from 1999


Electricity generated by Petroleum = 1.969 lbs CO2/kwh


Electricity generated by Coal = 2.095 lbs CO2/kwh


Electricity generated by Natural gas = 1.321 lbs CO2/kwh





Using this old data Hank’s firing would have emitted 


1269.2174lbs CO2 for Electricity generated by Petroleum


1350.437 lbs CO2 for Electricity generated by Coal


 851.5166 lbs CO2 for Electricity generated by Natural gas





� note 1b


Using the figures from this source,  � HYPERLINK "http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions" ��http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions� and 





they get their data from � HYPERLINK "http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html " ��http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html� , Hank would have thrown out 


19.338 lbs of CO2  in Vermont or Idaho, 1443.904 lbs of CO2 in North Dakota


Vermont, Idaho = .03 lbs/Kwh. North Dakota =2.24 lbs/kWh





� 


For a region by region analysis of what carbon outputs electricity generates please see this site, � HYPERLINK "http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html" ��http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html� It is good for only the U.S.


To test the PG&E inputs I put in a zip code for an area serviced by them. 


93301, Bakersfield.


The calculator gives a figure of 724 lbs CO2 per MegaWattHour. I only want a single KiloWattHour so I divide by 1000. 


724/1000 = .724lbs/kWh


1 MWH = 1000 KWH


These figures don’t match up with the carbon fund so I tried for Moscow Idaho, zip code 83843


The calculator shows Avista Corp – ID as the provider. It shows a 902 lbs CO2 per MWH. so .902lbs/kWh


http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions


As you can see nothing matches. To get the closest figures  for Hank’s kiln I put in his zip and got the figure 902 lbs per mWH which is .902 per kWh. 


The national average is 1329 CO2 per mWh or 1.329 CO2 per kWh. Using that data the CO2 output would be 856.67 lbs CO2.





� 


 The formula used to get this is as follows. Data from � HYPERLINK "http://hearth.com/econtent/index.php/articles/heating_value_wood" ��http://hearth.com/econtent/index.php/articles/heating_value_wood�


I need 2,200,000 BTU's heat.


Hickory = .052 cords to produce 1,000,000 BTU's. One cord weighs 4327lbs. 4327 * .052 = 225.004lbs for 1,000,000 BTU's. I


need 2.2 million. 225.004 * 2.2 = 495.0088lbs. hickory wood. Carbon = 1/2 of weight. 495.0088 /2 = 247.5044 lbs. carbon. CO2 





= Carbon * 3.67. 247.5044 * 3.67 = 908.341148 lbs CO2.


I think there is a flaw in the way the gas is interpreted into wood units. 


Anyone that has fired will know it isn’t possible to fire a 28 cubic foot kiln for 28 hours to Cone 10-11 with a 3 hour soak with 225 lbs of wood. I have data that says a 30 cubic foot kiln takes 2,000 lbs of wood to fire to cone 10 in 36 hours. I don’t fire kilns this size so it is difficult for me to give a judgment. If the figures for the 2,000 lbs of wood are figured into this calculation the CO2 would rise dramatically. 2,000 lbs * .5 = 1,000 lbs of Carbon. 1,000 lbs of Carbon = 1,000 * 3.67 = 3,670 lbs of CO2


The type of brick used in the construction of the kiln will have a large impact on fuel used.


For a more exacting calculation method of calculating recoverable BTU’s see � HYPERLINK "http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr29.pdf" ��http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr29.pdf�





� 


 The formula used to get this is as follows.


 Eucalyptus throws out 23.45 million recoverable BTUs per cord. Bill only uses ½ cord so the calculation is based on needing 11,725,000 BTUs.


½ a cord, one cord weighs 4,000 lbs so 2,000 lbs of wood.  2,000 lbs * .5 = 1,000 lbs of Carbon. 1,000 lbs of Carbon = 1,000 * 3.67 = 3,670 lbs of CO2 The conversion of wood weight to CO2 is  Dried wood weight * .5 * 3.67


 


1 therm = 100,000 BTUs. He used 11,725,000 BTUs.


11,725,000 BTUs / 100,000 = 117.25 therms to kilowatts = 117.25 * 29.3 = 3,435.425 kWh.


Data from � HYPERLINK "http://hearth.com/econtent/index.php/articles/heating_value_wood" ��http://hearth.com/econtent/index.php/articles/heating_value_wood�


see � HYPERLINK "http://www.energy.rochester.edu/units/conversions.pdf" ��http://www.energy.rochester.edu/units/conversions.pdf�


.


For a more exacting calculation method of calculating recoverable BTU’s see � HYPERLINK "http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr29.pdf" ��http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr29.pdf�


I have calculated the recoverable BTU’s by determining this site, � HYPERLINK "http://hearth.com/econtent/index.php/articles/heating_value_wood" ��http://hearth.com/econtent/index.php/articles/heating_value_wood� , uses a standardized 30% decrease in BTU’s/recoverable BTU’s formula.





� 


This formula is: one therm = 29.3 Kwh. I need 117.25  therms. 117.25 * 29.3 = 3,435.425 Kwh for 117.25 therms. 1 Kwh = .524 lbs CO2.  so 117.25 * .524 = 61.439 lbs CO2. See note 1a for 1999 data.


Using PG& E data. From � HYPERLINK "http://www.pge.com/myhome/environment/calculator/assumptions.shtml" �http://www.pge.com/myhome/environment/calculator/assumptions.shtml�





1 therm = 100,000 BTUs. He used 11,725,000 BTUs.


11,725,000 BTUs / 100,000 = 117.25 therms to kilowatts = 117.25 * 29.3 = 3,435.425 kWh.


Data from � HYPERLINK "http://hearth.com/econtent/index.php/articles/heating_value_wood" ��http://hearth.com/econtent/index.php/articles/heating_value_wood�


see � HYPERLINK "http://www.energy.rochester.edu/units/conversions.pdf" ��http://www.energy.rochester.edu/units/conversions.pdf�


.


For a more exacting calculation method of calculating recoverable BTU’s see � HYPERLINK "http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr29.pdf" ��http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr29.pdf�


I have calculated the recoverable BTU’s by determining this site, � HYPERLINK "http://hearth.com/econtent/index.php/articles/heating_value_wood" ��http://hearth.com/econtent/index.php/articles/heating_value_wood� , uses a standardized 30% decrease in BTU’s/recoverable BTU’s formula.





� 


This is data from a paper, CO2emissforelectric. � HYPERLINK "http://www.eia.doe.gov/electricity/page/co2_report/co2report.html" �http://www.eia.doe.gov/electricity/page/co2_report/co2report.html�


The paper is from 2000 and data is from 1999


Electricity generated by Petroleum = 1.969 lbs CO2/kwh


Electricity generated by Coal = 2.095 lbs CO2/kwh


Electricity generated by Natural gas = 1.321 lbs CO2/kwh





Using this old data the kiln firing would have emitted 


6,764.3518lbs CO2 for Electricity generated by Petroleum


7,197.2153 lbs CO2 for Electricity generated by Coal


 4,538.1964 lbs CO2 for Electricity generated by Natural gas





� 


Using the figures from this source,  � HYPERLINK "http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions" �http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions� and 


they get their data from � HYPERLINK "http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html" �http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html� , the kiln would have thrown out 


103.06 lbs of CO2  in Vermont or Idaho, 7,695.352 lbs of CO2 in North Dakota


Vermont, Idaho = .03 lbs/Kwh. North Dakota =2.24 lbs/kWh





� 


For a region by region analysis of what carbon outputs electricity generates please see this site, 


� HYPERLINK "http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html" �http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html� It is good for the U.S.


To test the PG&E inputs I put in a zip code for an area serviced by them. 


93301, Bakersfield.


The calculator gives a figure of 724 lbs CO2 per MegaWattHour. I only want a single KiloWattHour so I divide by 1000. 


724/1000 = .724lbs/kWh


1 MWH = 1000 KWH


These figures don’t match up with the carbon fund so I tried for Moscow Idaho, 83843


The calculator shows Avista Corp – ID as the provider. It shows a 902 lbs CO2 per MWH. so .902lbs/kWh


http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions


As you can see nothing matches. 


Using the same site I have a national average of 1329 per mWh which is 1.329 per kWh. Using that the CO2 output would be 4,565.68 lbs CO2





� 


This data is from a power company but the rate matches other sources for natural gas.





o	Natural Gas: 13.446 lbs CO2 per therm


o	From � HYPERLINK "http://www.pge.com/myhome/environment/calculator/assumptions.shtml" ��http://www.pge.com/myhome/environment/calculator/assumptions.shtml�


This source � HYPERLINK "http://www.naturalgas.org/environment/naturalgas.asp" ��http://www.naturalgas.org/environment/naturalgas.asp� gives a figure of 11.7 lbs CO2 per therm.


This source, � HYPERLINK "http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions" ��http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions�


gives 12.06 lbs CO2 per CCF. One CCF is slightly larger that a therm. 





1 therm = 100,000 BTUs. He used 11,725,000 BTUs.


11,725,000 BTUs / 100,000 = 117.25 therms 








I think there is a fundamental flaw in going from gas to wood or electric or any combination.. It probably has to do with efficiencies. Natural gas is far more efficient than wood in getting available BTU’s into the needed area. Wood has a lot of inefficiencies. Electric also has its efficiencies and inefficiencies. 





� 


 The formula used to get this is as follows.


I need 59,323,480 BTU's heat.


6 metric tons = 2 204.62262 pounds 6* 2,204.6 =13,227.6 lbs of wood. 13,227.6 * .5 = 6,613.8 lbs of Carbon. 6,613.8 lbs of Carbon = 6,613.8 * 3.67 = 24,272.646 lbs of CO2 The conversion of wood weight to CO2 is  Dried wood weight * .5 * 3.67


13,227.6 lbs of wood = 4.956 cords of Jack Pine. 13,227 / 2669 lbs = 4.956


4.956 * 11,970,000 recoverable BTUs = 59,323,480 BTUs. 


1 therm = 100,000 BTUs. 


59,323,320 BTUs / 100,000 = 593.2332 therms to kilowatts = 593.2332 * 29.3 = 17,381.7 kWh.


Data from � HYPERLINK "http://hearth.com/econtent/index.php/articles/heating_value_wood" ��http://hearth.com/econtent/index.php/articles/heating_value_wood�


Jack Pine Weight of cord = 2669 lbs.  BTUs per cord =  17,100,000 Recoverable BTUs per cord = 11,970,000  Units needed for 1,000,000 BTUs = 0.084


see � HYPERLINK "http://www.energy.rochester.edu/units/conversions.pdf" ��http://www.energy.rochester.edu/units/conversions.pdf�


The figure will rise if the variables of kiln efficiency and wood amount are adjusted to more realistic levels. 


For a more exacting calculation method of calculating recoverable BTU’s see � HYPERLINK "http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr29.pdf" ��http://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr29.pdf�





� 


This formula is: one therm = 29.3 Kwh. I need 593.2 therms. 593.2 * 29.3 = 17,380.76 Kwh for 593.2 therms. 1 Kwh = .524 lbs CO2.  so 17,380.76 * .524 = 9107.5182 lbs CO2. See note 1a for 1999 data.


Using PG& E data. From � HYPERLINK "http://www.pge.com/myhome/environment/calculator/assumptions.shtml" �http://www.pge.com/myhome/environment/calculator/assumptions.shtml�





� 


This is data from a paper, CO2emissforelectric. � HYPERLINK "http://www.eia.doe.gov/electricity/page/co2_report/co2report.html" �http://www.eia.doe.gov/electricity/page/co2_report/co2report.html�


The paper is from 2000 and data is from 1999


Electricity generated by Petroleum = 1.969 lbs CO2/kwh


Electricity generated by Coal = 2.095 lbs CO2/kwh


Electricity generated by Natural gas = 1.321 lbs CO2/kwh





Using this old data the kiln firing would have emitted 


34,222.7lbs CO2 for Electricity generated by Petroleum


36,412.692 lbs CO2 for Electricity generated by Coal


 22,959.9 lbs CO2 for Electricity generated by Natural gas





� 


Using the figures from this source,  � HYPERLINK "http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions" �http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions� and 


they get their data from � HYPERLINK "http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html" �http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html� , the kiln would have thrown out 


521.4228 lbs of CO2  in Vermont or Idaho, 38,932.9 lbs of CO2 in North Dakota


Vermont, Idaho = .03 lbs/Kwh. North Dakota =2.24 lbs/kWh





� 


For a region by region analysis of what carbon outputs electricity generates please see this site, 


� HYPERLINK "http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html" �http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html� It is good for the U.S.


To test the PG&E inputs I put in a zip code for an area serviced by them. 


93301, Bakersfield.


The calculator gives a figure of 724 lbs CO2 per MegaWattHour. I only want a single KiloWattHour so I divide by 1000. 


724/1000 = .724lbs/kWh


1 MWH = 1000 KWH


These figures don’t match up with the carbon fund so I tried for Moscow Idaho, 83843


The calculator shows Avista Corp – ID as the provider. It shows a 902 lbs CO2 per MWH. so .902lbs/kWh


http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions


As you can see nothing matches. 


Using the same site I have a national average of 1329 per mWh which is 1.329 per kWh. Using that the CO2 output would be 23,098.02 lbs CO2





� 


This data is from a power company but the rate matches other sources for natural gas.





o	Natural Gas: 13.446 lbs CO2 per therm


o	From � HYPERLINK "http://www.pge.com/myhome/environment/calculator/assumptions.shtml" ��http://www.pge.com/myhome/environment/calculator/assumptions.shtml�


This source � HYPERLINK "http://www.naturalgas.org/environment/naturalgas.asp" ��http://www.naturalgas.org/environment/naturalgas.asp� gives a figure of 11.7 lbs CO2 per therm.


This source, � HYPERLINK "http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions" ��http://www.carbonfund.org/site/pages/carbon_calculators/category/Assumptions�


gives 12.06 lbs CO2 per CCF. One CCF is slightly larger that a therm. 





1 therm = 100,000 BTUs. He used 11,725,000 BTUs.


11,725,000 BTUs / 100,000 = 117.25 therms 








I think there is a fundamental flaw in going from gas to wood or electric or any combination.. It probably has to do with efficiencies. Natural gas is far more efficient than wood in getting available BTU’s into the needed area. Wood has a lot of inefficiencies. Electric also has its efficiencies and inefficiencies. 





� If you want to find out your CO2 emissions this is the way to do it. The formula will work everywhere but the specifics for your area  will only work if you live in the U.S.


First you have to figure out how much gas, electric, wood or what ever else you use. Lets say you fire with electric and you use 644.6 kWh to fire. It isn’t really important what brand or size of kiln, just the kWh. After you figure out the kWh go to this site, � HYPERLINK "http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html" ��http://www.epa.gov/cleanenergy/energy-and-you/how-clean.html� which is 


a U.S. Environmental Protection Agency site. Put in your zip code and find out the total output per MegaWattHour. In the  example I did I used the zip  93301 to test some other data. The calculator gives a figure of 724 lbs CO2 per MegaWattHour. I only want a single KiloWattHour so I divide by 1000 which gives .724 lbs per mWh 724/1000 = .724lbs/kWh


I then take that data, .724 lbs/kWh and multiply it by the number of kWh, in my example 644.6  and get a total for CO2 output per 644.6 kWh.


If you want to go from wood to other sources of fuel you need to first weigh your wood. If you have different types of wood it will be difficult to calculate the weight to BTU. After you get the weight you need to figure out the BTU’s per weight. I used a number of sites. What ever site you use make sure you are using recoverable BTUs and not total BTUs. Recoverable BTUs are usually 30% less than total BTUs. See � HYPERLINK "http://hearth.com/econtent/index.php/articles/heating_value_wood" ��http://hearth.com/econtent/index.php/articles/heating_value_wood�


� HYPERLINK "http://www.daviddarling.info/encyclopedia/W/AE_wood_heat_value_BTU.html" ��http://www.daviddarling.info/encyclopedia/W/AE_wood_heat_value_BTU.html�


� HYPERLINK "http://mb-soft.com/juca/print/firewood.html" ��http://mb-soft.com/juca/print/firewood.html� This one gives total BTUs not recoverable.


� �Coal = 800 to 1050 = 925 gms avg. per kWh.�Natural gas (combined cycle) = 430 (average) gms per kWh.�Nuclear = 6 gms per kWh�Hydroelectric = 4 gms per kWh�Wood = 1500 (without planting other biomass) gms per kWh�Photovoltaïc solar = 60 to 150 = 105 avg. gms per kWh�Wind Power = 3 to 22 = 12.5 avg gms per kWh





� � HYPERLINK "http://en.wikipedia.org/wiki/Greenhouse_gas" \l "Carbon_dioxide_emissions" �http://en.wikipedia.org/wiki/Greenhouse_…��� HYPERLINK "http://www.manicore.com/anglais/missions_a/carbon_inventory.html" �http://www.manicore.com/anglais/missions…�





� This data is from Hank Murrow.


This formula is: one therm = 29.3 kWh. I need 22 therms. kWh rate * 29.3  for the rate for one therm * 22  = rate  for 22 therms.





coal = 925 gms. per kWh. 29.3 * 925 = 27,102.5 gms. for 1 therm. 27,102.5 gms * 22 = 596,255 gms  for 22 therms. 596,255 gms = 1,314.517 lbs CO2.





Natural gas = 430 per kWh 430 * 29.3 = 12,599 gms for 1 therm. 12,599 gms * 22  = 277,178 gms  for 22 therms. 277,178 gms. = 611.072 lbs CO2





Nuclear = 6 gms per kWh 6 * 29.3 = 175.8 gms for 1 therm. 175.8 gms gms * 22  = 3,867.6 gms for 22 therms 3,867 gms = 8.52527 lbs CO2





Hydroelectric = 4 gms per kWh 4 * 29.3 = 117.2 gms for 1 therm. 117.8 gms gms * 22  = 2,578.4 gms for 22 therms 2,578 gms = 5.68351 lbs Co2





Wood = 1,500 per kWh 1500 * 29.3 = 43,950 gms for 1 therm. 43,950 * 22 = 966,900 gms for 22 therms. 966,900 gms = 2,131.649 lbs CO2





photovoltaic solar = 105 gms per kWh 150 * 29.3 = 3,076.5 gms for 1 therm. 3,076.5 * 22 = 67,683 gms for 22 therms. 67,683 gms. = 149.215 lbs CO2





Wind power = 12.5 gms per kWh  12.5 * 29.3 = 366.25 gms for 1 therm. 366.25 * 22 = 8,057.5 gms for 22 therms. 8,057 gms. = 17.7626 lbs CO2





� This formula is: one therm = 29.3 kWh. I need 117.25 therms.  kWh rate * 29.3  for the rate for one therm * 22  = rate  for 117.25 therms. See note 19 for more detail





coal = 925 gms. per kWh. 29.3 * 925 = 27,102.5 gms. for 1 therm. 27,102.5 gms * 117.25 = 3,177,709.5 gms  for 117.25 therms. 3,177,709.5  gms = 7,005.65lbs CO2.





Natural gas = 430 per kWh 430 * 29.3 = 12,599 gms for 1 therm. 12,599 gms * 117.25 = 1,477,232.75 gms  for 117.25 therms. 1,477,232.75 gms. = 3,256.74lbs CO2





Nuclear = 6 gms per kWh 6 * 29.3 = 175.8 gms for 1 therm. 175.8 gms gms * 117.25 = 20,612.55 gms for 117.25 therms 20,612.55 6 gms = 45.44lbs CO2





Hydroelectric = 4 gms per kWh 4 * 29.3 = 117.2 gms for 1 therm. 117.8 gms gms * 117.25 = 13,812.05 gms for 117.25 therms 13,812.05 gms = 30.45lbs Co2





Wood = 1,500 per kWh 1500 * 29.3 = 43,950 gms for 1 therm. 43,950 * 117.25 = 5,153,137.5 gms for 117.25 therms. 5,153,137.5 gms = 11,360.72lbs CO2





photovoltaic solar = 105 gms per kWh 150 * 29.3 = 3,076.5 gms for 1 therm. 3,076.5 * 117.25 = 360,719.625 gms for 117.25 therms. 360,719.625gms. = 795.25 lbsCO2





Wind power = 12.5 gms per kWh  12.5 * 29.3 = 366.25 gms for 1 therm. 366.25 * 117.25 = 42,942.8125 gms for 117.25 therms. 42,942.8125 gms. = 94.67lbs CO2





� 


This formula is: one therm = 29.3 kWh. I need 593.2 therms. kWh rate * 29.3  for the rate for one therm * 22  = rate  for 593.2 therms.





coal = 925 gms. per kWh. 29.3 * 925 = 27,102.5 gms. for 1 therm. 27,102.5 gms * 593.2 = 16,077,203 gms  for 593.2 therms. 16,077,203 gms = 35,444.165lbs CO2.





Natural gas = 430 per kWh 430 * 29.3 = 12,599 gms for 1 therm. 12,599 gms * 593.2  = 7,473,727 gms  for 593.2 therms. 7,473,727 gms. = 16,476.745lbs CO2





Nuclear = 6 gms per kWh 6 * 29.3 = 175.8 gms for 1 therm. 175.8 gms gms * 593.2  = 104,284.6 gms for 593.2 therms 104,284.6 gms = 229.908 lbs CO2





Hydroelectric = 4 gms per kWh 4 * 29.3 = 117.2 gms for 1 therm. 117.8 gms gms * 593.2  = 69,879 gms for 593.2 therms 69,879 gms = 154.056lbs Co2





Wood = 1,500 per kWh 1500 * 29.3 = 43,950 gms for 1 therm. 43,950 * 593.2 = 26,073,512 gms for 593.2 therms. 26,073,512 gms = 57,482.254lbs CO2





photovoltaic solar = 105 gms per kWh 150 * 29.3 = 3,076.5 gms for 1 therm. 3,076.5 * 593.2 = 1,824,980 gms for 592.2 therms. 1,824,980 gms. = 4023.392 lbsCO2





Wind power = 12.5 gms per kWh  12.5 * 29.3 = 366.25 gms for 1 therm. 366.25 * 593.2 = 206,272 gms for 593.2 therms. 206,272 gms. = 454.751lbs CO2














� From � HYPERLINK "http://papers.ssrn.com/sol3/papers.cfm?abstract_id=630729" ��http://papers.ssrn.com/sol3/papers.cfm?abstract_id=630729�


Permanence is an issue specific to LUCF projects, LUCF means land use change and forestry


Under the Clean Development Mechanism, developing countries will be able to produce Certified Emissions Reductions (CERs) (sometimes called offsets) through projects that reduce greenhouse gas (GHG) emissions below ‘business-as-usual’ levels.





The paper considers in turn each of the main criteria suggested for qualification of a project that


produces CERs (‘carbon projects’, for convenience):


Additionality: Would the emissions reductions not have taken place in the absence of the project?


Baseline and systems boundaries (leakage): What would have been the ‘business-as-usual’ emissions in


the absence of the project? In comparing with-project and without-project emissions, how


broadly should we draw the spatial and temporal boundaries of the system we are looking at?


Measurement: How accurately can we measure the actual, with-project, levels of emissions?


Permanence: Will the project have a long-lasting mitigating effect on atmospheric GHG


concentration and on the economic and social consequences of global warming?


Local social and environmental impact: Will the project benefit its neighbors?








� See Evaluating carbon offsets from forestry and energy projects:


How do they compare? Kenneth M. Chomitz  pg. 7 has a discussion of closed systems.


I should note I don’t think it is possible to only think in a provincial manner even if one sees oneself in a closed system. Below is a copy and paste from pg. 5 of the pdf file that Chomitz sees as a pitfall to avoid. Regarding Additionality  CERs are quantified as the difference between emissions (or sequestration) with the project as compared to the hypothetical without-project level. Predicting the ‘but-for’ world is inherently


difficult, and both buyers and sellers have an incentive to choose predictions of high baseline emissions (or low baseline sequestration). If this occurs systematically, the volume of CERs sold will overstate the actual emissions reductions, threatening the integrity of the system. CERs are Certified Emissions Reductions.





The caution is regarding CO2 offsetting projects but I think it is relevant to the calculation of what is exchangeable in wood stocks for firing.


�  See above. The discussion for baseline is difficult because it usually involves what is the baseline of emissions before a project that is intended to reduce emissions. The “project” of firing a kiln isn’t a emissions reduction act. I think that can be agreed upon. 


I will include a small, simple analysis of what I will call “The status quo”. It should be noted this status quo isn’t the way things are now. At this time there is a huge excess stock of CO2 that needs to be offset.  One of the core points of the problem is there is fierce competition for these offsets.


What is the status quo?


Answer. If I don’t burn any wood in my kiln what do I have? I will have a stand of trees which for simplicity sake is 100 trees. There is a balance assumed in this initial state of my plot. 100 trees growing, adsorbing CO2, giving off CO2 in downed leaves and what ever wood is lying on the ground. The land is adsorbing more CO2 than it is giving off or is at least in a state of stasis.


I come along and take one of the trees and burn it. What is the status quo now?


I have 99 trees and the total CO2 from my tree released. Without adding additional CO2 sequestration mechanisms that is the status quo. I know the assumption is one of the following.  I will plant another tree. or The total tree cover in my country is growing enough to cover me. or    I can buy an offset in a tropical area of the world. alternatively  I can buy an offset in an energy project.  I go into those details in the next part of my paper. 


To say it another way.


My system takes in as much carbon through growth as it lets out through decay and fire. Enter into this system the burning of a tree. This has greatly speeded up the release of the carbon. In a natural system the same amount of carbon would have been released but over a much longer timeframe.  The natural growth of trees isn’t going to speed up because one tree has had its carbon released in an accelerated fashion. By the same token the natural take up of CO2 isn’t going to speed up by having one less tree with some seedlings to take its place. There is still a natural decay release of carbon cycle going on and a natural growth cycle going on but out of the natural decay cycle some of the stock has been released on an accelerated schedule.





�  Just as the fact that fossil fuels are limited the amount of land available to plant tree offsets is limited. It is possible to calculate the limits from available data but that is beyond the scope of this paper.


� All research I read talks about having the offsets in motion concurrently to the CO2 release event. To have a staggered release event/CO2 sequestration project will contribute to the overall CO2 level unless there are parameters around the totals. That is to say one has to be clear how much CO2 one is putting out in order to offset it. After offsetting it it needs to be kept offset for a well defined period of time. 


Here is some copy and paste from the same source cited in note 4


 page 15


A peculiar feature of most LUCF projects is the possible reversibility of carbon sequestration10. That is, the carbon embodied in a plantation or protected forest is always at risk of accidental or deliberate release.





Limited term commitments to carbon sequestration offer practical and political advantages. First, it


may be possible to arrange for formal insurance of 5 to 30 year commitments. Second, some host


countries may not want to provide perpetual guarantees of unchanged land use, seeing this as an


unacceptable constraint on sovereignty. They may also be reluctant to forfeit the option values


associated with the possible future emergence of high value land uses. Perhaps for these reasons,


existing LUCF projects often specify limited-term commitments.





Second, there is a physical advantage to postponing CO2 emissions. The marginal impact of CO2 on


radiative forcing declines as CO2 concentration in the atmosphere increases. (Albritton et al. 1994.)


Thus by postponing the release of some CO2 until a time when concentrations will have increased,


we have softened its impact.


Third, postponing emissions may buy time for technological progress in abatement. If sequestration


is cheap, and if the marginal cost of abating industrial emissions is declining or growing more slowly


than the discount rate, temporary sequestration may be a good bargain.





Finally, and perhaps most important, some temporary sequestration may turn out to be permanent.





Host countries may favor projects that promise indefinite sequestration, where this promotes


national goals such as watershed protection and restoration of national parks. Here the challenge is to


devise mechanisms to assure the world community that emissions reductions associated with these


projects are long-lived.





An obvious approach is to partially credit emissions reductions according to the likelihood that they


will endure for a specified period such as 100 years. My emphasis.





�


I have taken the following data to come up with my formula. 


Checking that with the data at From � HYPERLINK "http://www.carbonify.com/carbon-calculator.htm" ��http://www.carbonify.com/carbon-calculator.htm�


which says


Tree offset calculation is based on a tree planted in the humid tropics absorbing on average 50 pounds (22 kg) of carbon dioxide annually over 40 years2  - each tree will absorb 1 ton of CO2 over its lifetime


and 


but as trees grow, they compete for resources and some may die or be destroyed - not all will achieve their full carbon sequestration potential. This calculator assumes that 5 trees should be planted to ensure that at least one lives to 40 years or that their combined sequestration equals 1 ton


This source, � HYPERLINK "http://www.erasecarbonfootprint.com/treeoffset.html" ��http://www.erasecarbonfootprint.com/treeoffset.html� says


So, over 25 years you would need 36 maple trees to offset one tonne of CO2


You may feel that isn’t much impact though you have to look at pine tree before you make that judgment. A 25 year old pine tree absorbs 6.82kg or 0.00682 tonnes of CO2 per year. Based on the above math of this tree over 25 years, you would only need 6 trees to offset one tone of CO2. 


Let’s look at how many trees you would need to buy to offset one tonne if the tree lives for 50 years. You would need to plant 20 maple trees compare to 3 pine trees.





� I would like to point to the problems with mono-cultural plantings. If you go with a plot with a wide variety of trees your density goes down to about 194 trees per acre. See � HYPERLINK "http://dspace.mak.ac.ug/bitstream/123456789/54/1/Diversity.pdf" ��http://dspace.mak.ac.ug/bitstream/123456789/54/1/Diversity.pdf� page 3 of the pdf. Most of the studies are for tropical areas that have higher growth speeds. If your area is more arid your growth speed will fall dramatically. 





� Using the data from here, � HYPERLINK "http://www.sfrc.ufl.edu/extension/florida_forestry_information/forest_management/site_quality_and_stand_density.html" ��http://www.sfrc.ufl.edu/extension/florida_forestry_information/forest_management/site_quality_and_stand_density.html�. I get an answer of  “If the average basal area of the trees is 0.196 square feet, then 90/0.196, or 459 average-sized trees should be left per acre.” See this for an interesting display of the problems with planting too dense. � HYPERLINK "http://ccl.northwestern.edu/netlogo/models/Fire" ��http://ccl.northwestern.edu/netlogo/models/Fire�





� � HYPERLINK "http://www.mongabay.com/" ��http://www.mongabay.com/� I found Mongabay to be not as neutral as some of my other sources but the figures did match others I saw.





From � HYPERLINK "http://www.fao.org/forestry/fra/fra2005/en/" ��http://www.fao.org/forestry/fra/fra2005/en/� 


Data for the U.S. excluding Alaska. In 1953 496,121,000 acres, in 1997 491,272,000 acres. A decline of 1% From pg 13 of the pdf Area changes for Forest cover types.  Alig and Butler
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