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Presenter
Presentation Notes
Today we will talk about a truly sustainable approach to agriculture or a “Greener Revolution” and a No-Regrets CO2 Capture mechanism to be implemented in New Mexico.
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Presenter
Presentation Notes
Have you ever wondered why we get such poor production on cultivated land in comparison to other untouched  and natural ecosystems?
We have the ability to water, fertilize, and weed these “controlled ecosystems” and yet even in our best attempts we are realizing fewer returns from all our efforts!
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Presentation Notes
    When our European ancestors arrived in north America we had 18” of Topsoil. This has been reduce to 8 inches. 
40% of soils in the world  are classified as being degraded or severely degraded due to: 
Reduced water holding capacity, 
Soil salinization, 
Soil loss through wind erosion and 
Pollution from agrichemicals  
    We are losing soils at a rate 10 times faster than replenishment rates. India and China are 30 to 40 times faster.



peak (s)oil...!


Presenter
Presentation Notes
We live on a planet with finite resources!
Our agricultural approach has been one of extraction and move on to another plot…..and we are witnessing this model provides for the degradation of our land resources.

OilPrice.com provides Oil and Energy industry with news and has determined the worldwide peak oil occurred between the period, September 2014 through August 2015. 

19% of our fossil fuels support our current food production system. 
    In 1940 every calorie of fossil fuel produced 2.3 calories of food energy…this has reversed, it now takes 10 calories of fossil fuel energy to produce and deliver one calorie of food energy.
Thus we live in the era of both Peak Soil and Peak Oil.
It is up to us to try to rectify this situation for not only ourselves but our children and their children…

http://oilprice.com/Energy/Crude-Oil/Why-Peak-Oil-Is-Finally-Here.html



How Do We Reverse These Trends?
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Presentation Notes
How do we reverse these trends?
We should start by looking to the past!
One factor that sets earth apart from other planets has been the influence of microbes. Microbes have been around for 4 billion years and have influenced the formation of earth as well as all the biological supra-organisms that have evolved on this planet.  
Our Microbes outnumber us 10 to 1 in cell count and greater than 250 to 1 when you consider the number of genes. 
These organisms perform critical functions for the breakdown and production of nutrients, protection from pathogens and even regulation of the host’s genes. 
One example of what happens when the microbial populations are disturbed is Crohn’s disease or colitis. Medical professionals are now treating Crohn’s disease with fecal transplants from individuals with healthy intestinal microbial communities. These transplants have healed greater than 95% of treated individuals through simple re-establishment of intestinal microbial communities.


Plants are no
different from us as
they are also
outnumbered by
their Microbial
Counterpart
and depend on them
for nutrient
acquisition,
pathogen protection
and gene regulation.
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It is hard to say which is more important….the plant or the microbial community as each depends heavily on the other. 
	Microbes help digest our food, generate nutrients for us, synthesize vitamins, breakdown xenobiotics, detoxify carcinogens, promote cell renewal and activate and support our immune system (NHGRI 2015). We are finding now they even control our appetites and cravings (Norris et al., 2013) and are able to turn on and off genes in our body that regulate brain development and emotional behavior (Gilbert, Sapp & Tauber 2012).
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Presentation Notes
	Soil ecosystems have many members, each filling a necessary niche to insure proper operation. All members have to be present and functioning for the system to work efficiently and correctly.
	Fungi and Bacteria provide the foundation for soil biological ecosystems and estimates of their population and structure appears to provide an accurate measure of ecosystem health and productivity.  
	Both Fungi and Bacteria derive their energy requirement directly from plants (as plant exudates) or indirectly (through consumption of plant-originated organic matter). 
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Presentation Notes
	Assessing the mass of Fungi to the mass of Bacteria in soils offers some predictive capacity as to what plants grow optimally under each soil condition. 
	As you shift from bacterial dominance to fungal dominance, fertility and ecosystem productivity both increase along with the type of plant that grows optimally under those conditions.
	Note two things: Conventional Agricultural soils display fungal to bacteria ratios below 0.2 where weeds grow best.
	Row crops begin to do the best when F:B ratios reach 1:1 with productivity increasing as soils become more fungal dominant. 


The Beginning to this research path....

Dairy Cow Manure

United States Department of
Agriculture (USDA) needed a
composting system that
allowed:

« minimum Iinfrastructure & labor investment,
« an efficient and low-cost process,
e amostimportantly..... a superior end product.




Johnson-Su Composting Bioreactor
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Presentation Notes
The design of the composter is inexpensive, very simple and uses readily available materials., Reactor can be batched and then moved to a holding site. They can also parallel processed.
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You fill the reactor with 4” piping in the center.
After one day you pull the pipes out to allow oxygen to migrate through the reactor.
You are never more than 1 foot away from ambient air
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Presentation Notes
You irrigate it once a day (2 times in summer) for only one minute.
This keeps the pile at 70% moisture content
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Presentation Notes
The reactor will get to 74 degrees C or 165 degrees F in 24-48 hours.
It will cook for about 3-4 days and then the temperature will decrease gradually


Johnson/Su Static Composting
Technology

 Reduces water usage by a factor of 6 times
 Reduces composting time by 66%
* Results in a low salinity compost (~2-3 mS/cm)

« Amenable to incorporation of vermicomposting after
thermophilic phase (observed 10X N increase in end product)

Produces a “HIGH QUALITY” nutrient rich, fungal
dominated, high-microbial-biomass & bio-diverse compost
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Biological Analysis

)
earthfort Soil ~5 times more
Report prepared for fungal mass

WERC /NMSU Report Sent: 8/15/2013 | For interpretation of this report please contact: |
David C Johnson Sample#: 01-117115 | Submission 01-023294 Earthfort Labs

PO Box 30001 MSC WERC Unique ID: 130805-6 info@earthfort.com

Las Cruces, NM 88003 USA Plant: Not Indicated (541) 257-2612

(575) 646-5474 Invoice Number: 0

davidecjohnson@nmsu, edu Sample Received: 8/7/2013 Consulting fees may apply

Organism Dry Weight | Active Bacteria Total Bacteria Active Fungi Total Fungi Hyphal Nematode detail (# per gram or # per mL)

Biomass Data (Ho/q) (Lg/g) (19/9) ug/Q Diameter (um) | Classified by type and identified to genus.
(If section is blank, no nematodes identified.)

Results | 0480 | 895 621 82.7 285 Bactendl Feeders
Comments |In Good Range Above range Aboverange Aboverange ¥ T eamatins

Expected |ow 0.45 30 300 0

| Range .| o085 | 60 600 60

Protozoa (Numbers/q) Total | Mycormhizal Colonization (%)
Flagellates Amoebae Ciliates  |[Nematodes #/g ENDO ECTO

Results 28858 577176 2816 230 Not Ordered | Not Ordered
Comments Good High High High
Expected (o 10000 10000 0 10 [ 10% | 10%
Range .. .| 100000 100000 200 20 50% 50%

Organism |Total Fungi to Active to Total Activeto Total Active Fungi to Nitrogen
Biomass Ratios| Tot.Bacteria Fung Bacteria Act.Bacteria Cycling

Poteqtial (Ibs/ac)
Results 4.32 0.03 0.14 0.92 [

Comments High Low Good Low
Expected |ow 1 01 0.1 1
Range 2 0.15 0.15 2
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Presentation Notes
This is a sample of a soil foodweb analysis conducted on a compost sample from a Johnson-Su Bioreactor .
The biological analysis conducted on Experiment 1 was a simple total fungi and total bacteria analysis using both visible light and epi-fluorescent microscopy.


Experiment 1

New Mexico State University
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Plant Growth Comparison to Eight Local
Composts Using Chile Plants

. . Charcoal
. Miracle Premlu_m Sterilized Composted Orgam(_: Potting Soil | Charcoal Compost
Peat Humus omni Org Potting Top Soil
Grow ; Manure Cow Manure ) Natures Way [ Compost (watered 4
Soil Top Choice months

Bl TaiNumber | 1 | 2 | s | 4 | 5 | 6 | 7 | 8 |10 | 12
[ Caloium (meqll) | 966 | 748 | 734 | 436 | 544 | 437 | 728 | 759 | 69 | 104 |

Soil — Mg (meg/L 8.02
Tests Mn (ppm 24.19
NO3-N (ppm 12.2

9.39

15.3

194.9
Standard 3640

[ Mg (megl) |

| Mn@pm) | 5.

| NO3-N(pm) |

Org Matter (% 19.23
8.5

P (ppm 482.1 2285.9
Na (meg/L 53.4 956 | 220 | 224 | 47 [ 621 | 101 |
- - | 3.12 |

R 19.18 44.7 19.67
Biological — Zn (ppm 63.67 43.82 16.32
Wl  Fungal:Bacterial 0.007 0.067 | 0.060 | 0.194 | 0.070,l0404 | 0420 |

Growth Volume (mL) 3804 732 | 2994 | 1680 7984 | 8923 | 325| | 15626 | 17579

% o
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Presentation Notes
      Experiment 1- consisted of a growth assessment of ten compost products using chile plants under a controlled greenhouse environment. Standard soil tests along with a “biological assay” of fungal and bacterial biomass (ug/g dry soil)  were conducted on eight locally available composts (1-8) along with two different treatments of a compost product created in a Johnson-Su composting bioreactor (10 & 12). Treatment 12 was identical to treatment 10 except it was put in the greenhouse for four months and watered daily to flow through previous to beginning of experiment to leach out “mobile nutrients”. Chile plant growth was determined at several time points in the growth process, by a non-destructive method using the volume of an ellipse determined by plant height times total plant branch width multiplied with a “leaf width” fill factor based on average leaf width in each treatment.
OBSERVATIONS-  1) The two composts produced by the Johnson-Su compost bioreactor demonstrated the highest growth rates having double the growth rate of any other treatment. 2) Treatment 12 (watered daily 4 months previous to beginning of experiment had the highest growth rate potentially indicating that nutrients in an “active” microbial soil matrix have limited nutrient mobility.
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Presenter
Presentation Notes
Comparing plant growth to treatment NO3-N concentrations (ppm) resulted in a poor correlation with an r2 =0.001. Comparing plant growth to treatment Phosphorus concentrations (ppm) resulted in a poor correlation with an r2 =0.041. Comparing plant growth to treatment Potassium concentrations (ppm) resulted in a poor correlation with an r2 =0.003. Comparing plant growth to treatment Organic Matter concentrations (%) resulted in a poor correlation with an r2 =0.122.






Plant Growth (mL) vs. Fungal:Bacterial Ratio
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Presentation Notes
Comparing plant growth to treatment Fungal:Bacterial ratio resulted in a good correlation with an r2 =0.876


Experiment 2

New Mexico State University
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 Soil C mixtures were obtained by mixing arroyo sand with compost from a Johnson-Su Composting bioreator.


New Canopy+Root Carbon (g) & F:B Ratio
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Presentation Notes
Beginning soil carbon was linear (r2=0.98)
Plant Carbon (Total canopy and root carbon)demonstrated a four times increase in C over treatment Soil C percentages below 1.72%. 
Linear Regression of Fungal:Bacterial ratio versus Plant carbon obtained an r2= 0.91


New Soil Carbon (g) & F:B Ratio
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When comparing the New Soil C to the Fungal:Bacterial ratio we obtained an r2= 0.99.  
OBSERVATIONS- Fungal:Bacterial ratio was highly predictive of both plant biomass growth and SOM increase.  
Once soil C percent reaches ~1.72%  (or organic matter approaches ~3% )  both soil fertility and plant growth appears to increase.
Field Observations by farmers are similar  



Carbon Partitions (Total New C & Plant+Root C)
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Presentation Notes
The treatment with 4.92% Soil C demonstrated 72% of total C assimilated by the plant was returned to the soil, most likely as microbial organic matter or plant exudates.  
From a survival standpoint, for a plant to devote this high of percentage of its photosynthate back into the soil potentially indicates the development of mutualisms between the plant and the soil foodweb. 
The plant used in these experiments was a chile plant, a regular commodity plant displaying what appears to be strong interactive relationships with soil microbial communities.  


Experiment 3

New Mexico State University
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Carbon Partitioning vs. increasing F:B Ratio
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Presentation Notes
This chart is the result of a greenhouse growth trial to explore the influence of increasing soil F:B ratio on partitioning of new system Carbon. 
As the F:B ratio Increases you can see plant carbon (roots, shoots and fruit) increases. At a fungal to bacterial ratio of 1.6, maximum system carbon capture is achieved. 
As soil fungal to bacterial ratios continue to increase maximum system capture remains the same, however increases in soil carbon begins to decline and carbon is increasingly partitioned into the plant. 
This figure displays the mechanics of how carbon is partitioned as we develop a Biologically Enhanced Agricultural Management, or a BEAM, approach.



 


Nitrogen Partitioning vs. increasing F:B Ratio
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Presentation Notes
This chart is the result of a greenhouse growth trial to explore the influence of increasing soil F:B ratio on partitioning of new system Nitrogen. 
These two figures demonstrate how plant growth is affected by the structure of a soil microbial community and as well how both carbon and nitrogen partitioning are influenced by the same soil microbial communities.



Field Trials of a
Biologically Enhanced
Agricultural
Management (BEAM)
Approach
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These are samples of some of the covercrops we used in this research. Top left (clockwise): sesbania, a summer legume; a winter cover crop mix of 4 types vetch, bell beans winter peas, and oats for structure; again sesbania with growth height capabilities at 12 feet; nitrogen fixing nodules on a sesbania root; mat of mychorrizal fungi covering sesbania root.
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Field results after the first year demonstrated a 5 times increase in covercrop dry biomass measurements  (full first year of cover crops grown, greenchopped and disked into the soil)  
Both treatments were planted and irrigated at the same time. 
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James Barefield of Los Alamos National Laboratories holding up cotton plant samples of two approaches to growing cotton at the Leyendecker Plant Science Research Center. The plant in James’ right hand (your left) is a cotton plant grown with conventional approaches using 150# N/Acre. The plant in James’ left hand (on the right) is a cotton plant grown in a nearby soil (same soil type) with no fertilizers that has had covercrops growing on it for the previous year and  one half. Cover crops have been used to improve soil microbial community structure and soil fertility. Both plots of cotton were planted and watered on the same schedule. Random sampling of biomass measurements were taken assessing plant mass, boll count, boll mass, and plant node dimensions and plant biomass yield was almost doubled for the growing period.
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Crops grown on an advanced BEAM soil demonstrated increased production.
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This is an experimental plot exploring the effect of inoculation of desert soils with compost from a Johnson-Su Bioreactor. This is the fourth growing period on a desert soil exploring the growth capability of a desert sandy soil for biomass production with all previous crops cut and removed from the plots and another crop immediately planted using no fertilizers. This crop yielded 1604 gram of dry biomass/meter2  (6.5 tons dry biomass/acre). The most productive terrestrial ecosystems in the world provide 2000-2300 gram of dry biomass/meter2 .  This was a winter cover crop leaving the summer growing season to grow two other crops to surpass these ecosystems.


What Does BEAM Offer
Towards Soil Carbon
Seqguestration?
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BEAM has promoted  Four mechanisms in field trials for increasing carbon capture and soil fertility; 
Increases in fungal community biomass; fungal biomass is a longer duration carbon component in soils



Exudate Based Soil Carbon
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Direct transfer of carbon to soil microbes through exudates without transitioning through plant components; 



Higher Biomass Production
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Higher biomass production on transitional BEAM plots and double the production on advanced BEAM plots.


Reduced Soil Respiration
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BEAM also offers reduced soil respiration as you improve soil fertility. This is a candlestick chart. Vertical lines depict the high and low measurements. Boxed rectangles contain 80% of the measured values. Shaded rectangles represent soil C %.
Beam soils have approximately 7 times the soil carbon (right vertical axis) and yet only respire twice the CO2  (left vertical axis)



Reduced Soll Respiration
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The soil C respiration (%) in the green house trials complemented the one years sampling of agricultural soils demonstrating the similarity and  the influence of beginning soil C% and its associated soil microbial population and structure. Please note there is a 5 times difference in low fertility to higher fertility soils for the amount of CO2 respired by soils.



Changes in Soil Nutrients Over a 20 Month “BEAM”

Macro Nutrients

Total Kjeldhal Nitrogen (TKN)
Nitrate (NO3-N)
Phosphorus (P)

Potassium (K)

Meso and Micro-nutrients

Calcium
Copper
Iron
Magnesium
Manganese
Zinc

Polynomial /GLM Model

y=1.0585x - 2.8141x + 658.59
y=0.105x +1.4887
y=0.2783x + 8.468

y=0.6847x +29.027

y=0.025x" - 0.2805x + 3.8998
y=0.0353x + 0.9988
y= 2.297x
y=0.0697x +0.458

y=0.2006x" - 2.0596x + 4.4929
y=0.0213x + 0.4654

Application Period

RZ

0.84
0.91
0.46
0.87

0.94
0.66
0.72
0.49
0.97
0.67

% Increase/Reduction

58.30%
111.707
64.70%

44.80%

5 sampling periods

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)

davidcjohnson@nmsu.edu
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This is a tabulation of the change in soil macro nutrients, meso and micronutrients,  over a 20 study period in our fields implementing this agricultural management approach.
Again, no fertilizers were added and all increases over the 20 month period are due to plant/soil foodweb interactions for the extraction of nutrients from soil parent material or from “fixing” of nitrogen by either free-living or rhizobia nitrogen-fixing associations. Please note the increase in plant available micronutrients ranging from a 65% increase in copper to a 800% to 900% increase in iron and manganese respectively.
 


Practicing a Biologically Enhanced Agriculture
Management (BEAM) Approach Offers:

e Faster and Greater Biomass Growth (>10 tons C/Hectare/year with
potential to 37 tons C/Hectare/year).

* More efficient transfer of carbon from plant photosynthates to soill
microbes as exudates (bypassing a plant signature carbon
vehicle).

e Greater populations of microbial biomass plus a shift from plant
signature to a longer duration fungal dominant soil carbon.

e Reduced soil respiration rates as soil fertility along with soil carbon
Increases.

 Increased soll fertility in macro-, meso- and micro-nutrient profiles.

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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When we are talking about using agriculture as a carbon capture platform we need to know what mechanisms are at play to help accomplish that.


What Impact Does Our Current
Agricultural Approach Have on the
Environment?

e Each year, agriculture emits 10 to 12 percent of
the total estimated GHG emissions, some 1.4 to 1.7
Gt C per year. (Smith, et al. 2007, Bellarby, et al.
2008)

e Conversion from plough to no-till in 67 long term
field experiments captured 0.570 & 0.140 tons C
hatyrt (West 2002)




Current Viewpoint on Carbon Capture
Capabillity of Agriculture

o Arable and permanent cropping systems can
capture 0.2t C hatyr? and pasture systems 0.1 t
C hat yr (Niggli 2009)

e Global SOC capture potential of 0.4-1.2 Pg C yr! or

5-15% of global fossil fuel emissions or about 0.7
tons C hat yrt.(Lal 2004)




BEAM Results

Using BEAM approaches for the previous 4.5 years on
beginning solls (0.43% C increase/year) ISAR has
averaged soil C increases

of 10.71 tons C ha! yr-

This rate Is from 20 to 50 times soil C capture
rates observed by other agriculture management
methods.




Part 2:
No-Regrets Carbon Capture in New
Mexico

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu



EPA’s Rule 111(d)

—Requires a ~30% reduction in electrical power
plant CO, emissions beginning 2020 to 2050.

_Ap
recC

proximately 6 million tons CO./year reduction
uired in NM

—INng

Ividual States and Power Companies are

responsible and liable for these reductions.

—The language in Rule 111(d) promotes
Implementation of Carbon Capture and Storage
(CCS) technologies; however, the costs are high.

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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A No-Regrets Carbon capture mechanism is being developed at NMSU in response to EPA’s Rule 111(d)
Rule 111(d) is requiring…….


Rule 111(d) Allows:

e Outside the fence solutions for atmospheric
carbon reduction.

» Adoption of currently existing mechanisms
being used for carbon reduction.

» Assistance from the U.S. Department of
Agriculture for agricultural solutions towards
carbon reduction.

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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CAPEX Costs of CCS Pilot Power Plants

Kemper County Coal
Mississippi
$6.1 Billion

3 Mtpa
$81.33/ton CO,

+ Financing (2.4 X Capex)
+Parasitic Load Costs ($24-40/t)
+0O&M ($9.51/MWh)

SaskPower- Boundary Petra Nova-Texas

Dam_ | $6 Billion
$1.467 Billion 3 Mtpa
1 Mtpa

$80.00/ton CO,

+ Financing (2.4 X Capex)
+Parasitic Load Costs($24-40/t)
+0&M($9.51/MWh)

$58.68/ton CO,

+ Financing (2.4 X Capex)
+Parasitic Load Costs ($24-40/t) .
+0&M ($9.51/MWh) T T TR

Estimated Upfront Costs of $180-$234/ton CO,

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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The costs of CCS are shown in these three surviving pilot projects in North America. These projects relay carbon capture costs of $58, $81 and $80 per ton of CO2. None of these projects include the cost of financing, parasitic loads or overhead and maintenance. Addition of these costs triple the projected CO2 offset costs.

All of these projects transport the CO2 capture and inject it into oil fields for tertiary recovery.
CO2 reduction under this approach will not be realized since injected CO2 pushes out more oil to be consumed and in some cases produces 4 times the CO2 emissions to the atmosphere.  
CCS OFFERS NO CO-BENEFITS! ONLY LIABILITIES FOR TRANSPORT AND STORAGE


Costs of CCS

= S400
o
S S300
=
o S200
=
% $100
o
SO ,
Low High
m Transportation and Storage? S22 S36
m Overhead and Maintenance S22 S22
Parasitic Loads? $90 S90
®m Financing S84 S116
m CAPEX”® $59 $81
Total Cost/Ton CO, $276 $345

1 United States Carbon Sequestration Council, Enhanced Oil Recovery & CCS, January 14, 2011.
2 The Costs of CO2 Capture, Transport and Storage, Post-demonstration CCS in the EU, www.zeroemissionsplatform.edu

3 http://www.carbonbrief.org/blog/2014/10/around-the-world-in-22-carbon-capture-projects/

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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The only costs of CCS that are relayed are the Capital Expenditures or the cost to build the plants.
When you include the cost of financing (2.4 time the CAPEX for a loan at 4% for ten years), costs for overhead and maintenance, costs for the electrical parasitic load to run the extraction equipment, and the transportation and storage costs for CO2 that will be geologically stored.


CO, Sequestration Costs

I 1 I I | '

Power Company Energy Efficiencies
Photovoltaics

CCS (Geologic)

CCS (EOR)

Renewable Energy Credits

BEAM

SO $100 S200 S$300 S400 S500 S600 S700

®m High = Low

New Mexico State University

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
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Implementing BEAM on New Mexico farmland would cost approximately $17-$22 per ton of CO2 with the majority of these funds going directly to farmers. This is less than one tenth the cost of many other approaches and this estimate does not consider the additional benefits derived for agriculture, our economy and the environment! This would result in a 6% energy surcharge: 1 cent/kWhr increase, 15 cents and 17 cents increase in the cost of gas and diesel, $2.43 for the average plane flight….less than the cost of a drink on that flight.
Please note: 
If CCS carbon resources are used for EOR, no net carbon will be removed from the atmosphere. Most EOR efficiencies range from 0.25-0.40 tons CO2 to produce one barrel of oil8. At 430 kg of CO2 per barrel of oil9, these efficiencies would result in a “net” increase of .72 to 0.08 tons of CO2 emitted into the atmosphere for every ton of CO2 injected for EOR. All three of the “pilot” CCS projects in North America will implement EOR. 
The only mechanism close to BEAM is Renewable Energy Credits. These are based on photovoltaics and energy efficiency approaches. The capacity of REC Offset will be limited due to the costs of those core mechanisms that represent RECs (solar, wind, land-use-change, etc.).

8 United States Carbon Sequestration Council, Enhanced Oil Recovery & CCS, January 14, 2011. 
9 www.epa.gov/cleanenergy/energy-resources/refs.html 





CCS Liabilities

e Migration of injected CO2,
e Unintended leaks,
e Seismic activity,

 Acidification of aquifers driving up contaminant
concentrations, and

e Long term monitoring
 No Measurable Co-Benefits!

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu



CCS Liabilities

 Civil Liabilities where third parties have suffered harm and
seek compensation.

o Administrative liability where authorities are given powers to
serve some form of enforcement or clean-up order.

 Emissions trading liability where an emissions trading regime
provides a benefit for CO, storage and an accounting

mechanisms is in place should there be a subsequent
leakage.

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu



BEAM Liabilities and Co-Benefits

Few Liabilities and Multiple Co-Benefits

* Increases  Reduces
— Soil fertility. — Plowing and heavy tillage
— Water Storage in soils — Fertilizer Application
— Plant water use efficiencies — Downstream pollution of streams,
— Soil nutrient availability rivers, lakes, aquifers, estuaries,

oceans and coral reefs

Allows farmers to transition to a
Sustainable and Ecosystem-friendly
agricultural approach.

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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Capture of carbon in soils has many co-benefits, 
 
Adopting CCS will yield only liabilities with regards to cost and leakage.
Best of all application of BEAM for increasing soil carbon allows farmers to transition to a sustainable and ecosystem-friendly agricultural approach.



Pair Soil Carbon Capture with a Voluntary
Carbon Market in New Mexico

 Money goes directly to participating farmers.

e Improves New Mexico’s farm and ranch
communities.

 Money stays and recirculates in New Mexico.

 Promotes satellite businesses for seed production,
farm equipment and other support industries.

e Brings in out-of-state revenue for energy produced
INn New Mexico being shipped to other states.

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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If we pair Soil carbon capture with a voluntary carbon market in New Mexico we would see these benefits: 
 



Cost to Accomplish Reduction of the World’s
Annual GHG Emissions = $617 Billion/year

_Agricultural Subsidies
281 Billion Annual -

el

.-"'j-t' "'.‘

hi ﬁ:‘ﬂ.ﬁﬁ-‘
$4 Trillion

Potential Loss From $1.4 Trillion/Year for Next Two Decades
Stranded Energy Assets

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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Employing BEAM to increase soil carbon world wide and to capture all anthropogenic CO2 emissions would cost ~ $617 billion dollars at $17/ton of CO2.
To help offset this cost we could divert  some of the subsidies going to agricultural and the energy sector.
BEAM agricultural systems could be implemented in commercial to third world agriculture to help reduce costs from health related damages, and as well reduce insurance costs.
We are a nation that depends on energy for our economy and our lifestyle.
If our energy assets become stranded we could see a 1.4 trillion dollar/year loss affecting pension, municipal and private investments.  



Legislative Efforts Needed to Recognize Soll
Carbon as a Carbon Offset

o States must submit their implementation plans for reducing
carbon dioxide emissions by June 2016

« As of April 20™, Utah is the only state that has signed a law
(Resolution 8) recognizing soil carbon increases in range,
farm and forestry lands for carbon offsets in a carbon market

 New Mexico’s Senator Sapien introduced a similar bill
(SB630) in the 2015 Legislature and the action was
postponed indefinitely.
Legal recognition of soil carbon in NM is necessary for
industry participation in a carbon market!

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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In the legislative arena……
 
 


Employing BEAM on NM farmlands will help
the State of New Mexico and energy
producers comply with EPA 111(d) in an
economically feasible way while greatly
Improving New Mexico’s economy,
agricultural lands and farmers livelihoods.

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu



Align your self with nature!

Tao Te Ching

Questions?

David C. Johnson- NMSU Institute for Sustainable Agricultural Research (ISAR)
davidcjohnson@nmsu.edu
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