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On-Farm Energy

* Photosynthetic
* Direct

e Embodied



Big ticket on-farm energy users:

e Tillage

e Transportation

e Irrigation

 Inorganic fertilizers

e Petroleum based pesticides
e Plastics

e Grain drying




Management for energy
efficiency:
* Optimize photosynthetic energy

 Minimize direct energy use

e Minimize losses of
— Soll
— Water
— Farm chemicals



Fossil fuel energy can be
conserved on-farm by...

 Reducing tillage operations

 Reducing trips to field

 Reducing fertilizer/pesticide/plastic inputs
 Conservative grain drying

e Irrigation use efficiency

 Recycling

e Substituting renewable energy

NOTE: Many of these practices also conserve soil,
water and air.



Saving energy and soll

Reduce trips to the field
Reduce trips across the field
Reduce tillage depth

Reduce tillage intensity

Size tractors to equipment




Saving energy and water Q?

Reduce runoff

Reduce chemical inputs

mprove irrigation efficiency

— Improve irrigation efficiency

— Reduce crop water requirement
— Reduce pump pressure

— Increase pump efficiency

— Variable frequency drives




Saving energy and reducing crop
fertilizer requirements

 Crop rotations

e Cover crops
 Residue management
e Manure management



Crop water needs depend on...

Climate

Soll

Crop growth stage
Crop type



Crop Water Use

Seasonal Crop Water Needs

Crop Seasonal Water Use (mm per
growing period)

Alfalfa 800-1600

Barley/oats/wheat 450-650

Cotton 700-1300

Maize 500-800

Potato 500-700

Rice 450-700

Sorghum 450-650

Soybean 450-700

Sunflower 600-1000

From FAO Irrigation Training Manual 1986




What are the energy trade-offs?



Example 1: No-till

e Less tillage
* Initially more fertilizers and pesticides



Example 2: Legume cover crops

e Less nitrogen fertilizer
« Additional planting
« Additional mowing?



Example 3: Manure application

e Less fertilizer
 More passes over the field
 More weight to carry to the field



Energy
Estimator

(awork in progress)
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What is the Energy Estimator?

The Energy Estimator is a partial accounting of direct and
indirect energy used on-farm. It is intended to allow farmers to
campare the relative amount of fossil fuel energy consumed under
different crop ratations and management activities. This tool
should be considered a prototype only. YWhile much of the
information provided is derived from scientific and engineering

literature, some is based on estimates. In addition, the tool has

A quick way to get a parial accounting
of direct and indirect energy used on-farm.

WY b bkER ¥ ok bk B Wi bRED

not yet been field tested. Therefore, accuracy is unknown.

To use this tool, begin by entering your zip code. Prepared data sets representing common crop management scenarios in your Zip
code area are automatically loaded. The user creates one or several multi-year cropping scenarios called rotations. After a user-
specified rotation name has been entered, individual scenarios may be selected and maodified to reflect your current operation and
potential future operations using drop-down menus and direct entry. Reports summarize energy use by rotation, by crop and by type of
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Tergyest. s, egoyv.usda,gov/ZoneLookup. aspx
st of Agriculiuse
ral Resources Tamm Apply slic
servation service S
Text La
ar - Crop Management Zone Search
I
Enter your zip code belaw, [—
Frepared data sets representing common crop management scenarios for individual crops in your zip I
code area will be automatically loaded into the estimatar, =
) ) ) ) ) Content
You will be able to modify a pre-defined crop scenario to reflect your operation using drop-down menus
for field operations and farm inputs. Alternatively, you can build your crop management scenario "fram
scratch.”
The Energy Estimator does not permanently save your data, so all calculations must be completed S
during a single session, —
]
You can save and print reports of your farm energy calculations from the reports section when you are [k
done. .
I
8
B4
2l
Please begin by entering a zip code and clicking "Gao" 7 I:I
I
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Create a new rotation:

Rotation ldentifier: Rotation 1 » Erter an idertifier for the rotation,
for example, "current” or "corn-
soyheans ridge till* (optional).

# Enter a rotation description
[optional).

® Select years in ratation (required).
Faor example, corn-sovheans-
wheat iz a 3-year rotation.

& Enter crop acres for thiz ratation
[required).

s Click "es'if pump irrigation is
uzed and enter irrigation
infarmation (required if pump
irrigated].

» Click "Erter Crop Data® when yau
have completed this screen.

& You can creste up to four different
ratations inthe energy estimatar to
evaluate future options.

# “You can add up to 16 crops for

Years in Rotation: & each rotation.

® You can change the crop
management zone which was
determined by your zip code by
zelecting the link on the left zide of
thiz page.

Acres: S0 e * For additionsl guidance click the

Help button &t the top of the page.

Corn-sovbeanhs conventional

Rotation Description: tillage

Irrigation: O Yes & No

L Enter Crop Data J[ Clear Rotation

Back to Top UsnA | FirstGow | Civil Rights | Accessibility | FOlA
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* Pre-
defined
crop

O User
defined
crop

m -

Select a crop:

-- 3elect & Crop Scenario - w

Alfalfa 5yr, 4 cuts

Alfalfa,fyr, 4 cuts

Barley, grain; chisel, sweep
Bermuda, hay

Bermudarass, rotational grazing
Corn, grain; fall chisel

Corn, grain; nt

Corn, grain; rows bedded, spring burn, disk
Corn, grain; spring chisel

Corn, silage; fall chisel

Corn, silage; spring disk

Cotton, stripper

Cotton, stripper;, wiwheat cover
Fallow, chemical, w' weed growth
Dats, grain; fall plant

Cats, grain; spring plant

Rye, grain; chisel, sweep

Rye, grain; disk

Rye, grain; nt

Sorghum, forage, cover crop
Sorghurm, grain; disk after wheat
Sorghurmn, grain; fall chisel
Sorghurn, grain; nt

Sorghum, grain; spring chisel

Sorghum, grazed forage

Sorghum, hayed forage
I . ol 1 16 e

# Select "Pre-defined crop or "User defined crop"

& |f you select "Pre-defined crop”, select ane from the
drop-dowen list of pre-defined crop management
SCENarios.

# [f vou select "User defined crop", you wil erter all
operations and inputs by hand.

& Your pre-defined selection will generate a list of
azzociated field operations that can be edited below
[after the page reloads).

& One st atime, you may add or create up to 16 crops
for a "Uzer defined crop” rotation. You must
complete a crap for each year in your defined
rotation.

& For additional guidance click the Help button at the
top of the page.

* Clear Crop: Click to clear crop data.
# Hext: Click to enter next crop in the rotation or creste
& report.

0 Internet
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Edit Delete Chisel, st. pt.

Insert  Edit Delete Disk, tandern heawy primary op.

Insert  Edit Delete Disk, tandem secondary op.

Insert  Edit Delete Fert applic. anhyd knife 12 in

Insert Edit Delete Flanter, double disk opener

Insett Edit Delete Combine

2} Material - Microsoft Internet Explorer

Select a material:

e Zelect a material from the list.

#* Enter the pounds applied per acre in the text box.

e Click the "Accept" button. The accepted material and pounds wil be displayed in
the Energy Estimator.

® You can calculate s custom blend by clicking on the material 'User Blend', then
entering the pounds applied and MPK values.

Ingert  Edit  Delete -- Select 3 Material - 0

Pounds/acre
applied:

L

Material:

-- Select a Material --
-- melect a Material -
Armmonium Mitrate 33-0-0 {Ibfac)
Ammonium Sulfate 21-0-0, 24% S (Ibfac)
Anhydrous Ammonia (Ibfac)

Atrazine, Al, ermulsifiable concentrate (Ib/ac)
Caciurm Oxide (Cal) lime {Ibfac)

Diarnmonium phosphate (DAY 18-46-0 (Ibfac)
Ferilizer blend 12-12-12 {Ibfac)
Fertilizer blend 33-10-5 (Ibfac)



Pre-defined crop |C|:|rn, grain; fall chizel v

User defined crop |...|:|r click 'Crop Text' and enter crop name here. .

Edit
et Edit
et Edit
et Edit
et Edit
e Edit
E Edit

Delete

Delete
Delete
Delete
Delete
Delete

Delete

Chisel, st. pt.

Digk, tandem heawy primary op.
Disk, tandem secondary op.
Fert applic. anhyd knife 12 in
Sprayer

Planter, double disk opener

Cormbine

Edit
et Edit
et Edit

Delete

Delete

Delete

Anhydrous Ammaonia (Ibfac) 130
Pesticide, other (Ibfac) 2
-- Select a Material - 0

[Next] ’ Clear Crop

Select "Pre-defined crop” or "User defined crop”

It ywou zelect "Pre-defined crop”, select ane from the drop-down list
of pre-defined crop management scenarios.

It wou zelect "User defined crop”, vou will erter all operations

and inputs by hand.

Your pre-defined selection will generste a list of agsocisted field
operations that can be edited below (atfter the page reloads).

One at atime, you may add of create up to 16 crops for & "User
defined crop” rotation. %ou must complete a crop for each year in
your defined rotation.

For additional guidance click the Help button at the top of the page.

Edit this list {or create a new list) of annual operations for this

Ccrops

Crop year bedging after harvest of the previous crop and ends with
current crop harvest.

The arder in which operations are entered will not affect results.
Click on the Inzert or Edit link ta inzert a new operation or edit the
existing operation. & newy window apens with a list of operations.
To delete an operation from the list, click the Delete button.

“ou can add any number of operations to a crap.

You can create duplicate operations.

Create a list of inputs for this crop:

Click on the Insert ar Edit link to insert & new material or edit the
exizting material. & new window opens with a list of materials.

To delete a material from the list, click the Delete button.

You can calculate a custam MNPK blend by selecting 'User specified
fertilizer blend.' For additional quidance click an the Help button at
the top of the page.

You can add any number of materialz to a crop.

Clear Crop: Click to clear crop data.
Hext: Click to enter next crop in the rotation or create a report.



e [fyou zelect "Pre-defined crop”, select one from the drop-dowen list
of pre-defined crop management scenarios.

& |f you select "User defined crop”, you wil enter all operations
and inputs by hand.

Pre-defined crop | Soybeans, full; 30 in. row 3 * Your pre-defined selection will generste a list of associated fisld
operations that can be edited belovw (after the page reloads).

User defined crop |...|:|r click ‘Crop Text' and enter crop name here. . s Oneat atime, you may add or create up to 16 crops for a "User
defined crop" rotation. You must complete a crop for each year in
wour defined rotation.

& For additional guidance click the Help button at the top of the page.

Edit this list {or create a new list) of annual operations for this
3 P ST o

Edit Delete Disk, tandem hEEI".'"_'," p”maw op. ® Crop year beging after harvest of the previous crop and ends with

current crop harvest.
The arder in which operations are entered will not affect results.
& Click onthe Inzert or Edit link to insert a nevy operation ar edit the
— existing operation. & newy window apens with a list of operations.
it Edit Delete Planter double disk opener # Todelete an operation from the list, click the Delete button.
i — ' & “ou can add any number of operations to a crop.

Edit Delate Combine & You can creste duplicate operations.

[ys]
—

Edit Delete Field Cultivator

lyu}
—

Edit Delste Sprayer

lyu}

|m

Create a list of inputs for this erop:

.--_ & Click onthe Insert or Edit link to inzert a nesy material or edit the

existing material. & nesw windowe opens with a list of materialz.

.t Edit Delete Glyphosate, Al, water soluble 5 * Todelete a material from the list, click the Delete button.

= = = [(Ibfac)y ® Yoy can calculate a custom MPK blend by selecting 'User specified
fertilizer blend.' For additional guidance click on the Help button at

it Edit Delete -- Select a Material -- 0 the top of the page.

® You can add any number of materials to a crap.

& Clear Crop: Click to clear crop data.

[ Mext ] [ Clear Cer & Hext: Click to erter next crop in the ratation or create a repart.
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Energy Estimator for Farming Systems: Reports

Farming operation surnrmary report
Compare by rotation report
Compare crops in rotation report

To modify existing rotations, close the report window.
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Rotation: Rotation 1

Description

Corn-Soybeans conventional 2

Crop: Carn, grain; fall chisel

Operations:
Chisel, st. pt.

Disk, tandem heawvy primary op.

Disk, tandem secondary op.
Fert applic. anhyd knife 12 in
Sprayer, pre-emergence

Planter, double disk apnr

Years Acres Avg. Avqg. Direct
Irrigation Energy
Energy galfacrelyr)
[galfacre/vr]
500 .0 4.1
Irrigation: Lift: 0 PSI: 0
Irrigation Direct Energy
Energy [galfacrefcrop)
0 4.9

Irrigation Inches: 0

Harvest, killing crop 50pct standing stubble

Materials:
Anhydrous Ammonia {lb/ac)
Pesticide, other {lb/ac)

Crop: Soybeans, full; 20 in. row

Operations:

Disk, tandem heawvy primary op.

Cultivator, field 6-12 in sweeps
Sprayer, pre-emergence

Flanter. double disk oonr

Pounds:
130.0
2.0
Irrigation Direct Energy
Enerqgy (galfacre/crop)
a 2.3

Irrigation Inches: 0O

Avqg. Indirect

Energy
[galfacrafyr)

11.3

Power Source:

Indirect Enerqgy
(qalfacrefcrop)

19.7

Indirect Energy
[galfacrefcrap)

2.9

Total Direct

Energy
[galfrotation)

2,055

Total Direct

Energy
(galfrotation)

2,465

Total Direct

Energy
[galfrotation)

1,645

Total
Indirect
Energy
[galfrotation)

5,665

Total
Indirect
Energy
(galfrotation)

0,860

Total
Indirect
Energy
[galfrotation)

1,470
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Total energy by crop for rotation: Rotation 1

Total energy by crop
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Rotation 1
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Total energy by Crop

Direct Indirect Total
ci: 4.9 19,7 24,7
C2: 3.3 2.9 6.2
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Total energy by operation category for Rotation 1: Soybeans, full; 30 in. row

Total energy by Operation

E’ Soybeans, full; 30 in. row Direct Indirect Total
=] . q

2 Direct: N S 50 ol
® Indirect: 2995 Op2: 0.0 o0 o0
c Op3: 0.1 2.9 31
'.E ilr Op4: 0.0 0.0 0.0
& 28T Op5: 1.5 0.0 1.5
s 25
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Rotation

Energy Estimator for Farming Systems: Enter Rotation data

L Modify Previous Rotation |

Create a new rotation:

Rotation ldentifier: Rotation 2 | ® Enter an idertifier for the rotation, for

example, "currert” ar "carn-zovbeans ridge
till" foptional).

& Erter a rotation description (optional).

& Select vears in rotation (required). For
example, corn-zovbeanz-wheat iz a 3-year
ratation.

Corn soybeans no-till » Enter crop acres for this rotation (reguired].

e Click "Yes'if pump irrigation is used and
enter irrigation information (reguired it pump
irrigated).

& Click "Erter Crop Data" when you have
completed this screen.

® You can create up to four different rotations
inthe energy estimator to evaluate future

Rotation Description:

options.
& You can add up to 16 crops for each
Years in Rotation: * rotation.

* You can change the crop management
zone which wwas determined by your zip
code by selecting the link on the left side of

thiz page.
. - & Far additional guidance click the Help button
G 500) st the top of the page.

Irigation: O Yes &) No

[ Enter Crop Data ][ Clear Rotation

UspA | FirstGow | Civil Rights | Accessibility | FOIA
Frivacy Policy |N|:-n-:li5¢riminatil:-n Statement |Di5claimer



@ Pre-defined crop |C|:|rn, grain; nt

() User defined crop |...|:|r click 'Crop Text' and enter crop name here. .

W

B L S e LI e oy

If wou zelect "Pre-defined crop”, zelect one from the dro
pre-defined crop management scenarios.

If you select "User defined crop”, you will erter all opers:
and inputs by hand.

Your pre-defined selection will generate a list of azsoci:
operations that can be edited helow (after the page relo
one at atime, you may add or create up to 16 crops for
defined crop” rotation. ou must complete a crop for ean
defined rotation.

For additional guidance click the Help button at the top of

Edit
Edit
Edit
di

M

Delete

Deleta
Delete

Delete

Planter, double disk opener
Sprayer
Fert applic. anhyd knife 12 in

Cormbine

Edit this list {or create a new list) of annual operations fo

Crop year begins after harvest of the previous crop anc
current crop harvest.

The order in which operations are entered will not affec
Click on the Inzert or Edit link to insett & new operation o
existing operation. & nesw window opens with a list of C
To delete an operation from the list, click the Delete buttc
“ou can add any number of operations to a crop.

ou can create duplicste operations.

Anhydrous Ammonia (Ibfac)

Insert

Insert

Edit Delete
Edit Delete

Edit Delete

dit Delete

Pesticide, other (Ibfac)

Diarnmonium phosphate (DAF)
18-46-0 (Ibfac)

- Select a Material -

130
2

25

Create a list of inputs for this crop:

Click onthe Inzert ar Edit link to insert & newy material or
existing material. & newy window opens with a list of ms
To delete a material from the list, click the Delete buttan.
ou can calculate a custom MPE blend by selecting 'Use
tettilizer blend.' For additional guidance click on the Help
top of the page.

“ou can add any number of materials to a crop.

[Next] [ Clear Crop

Clear Crop: Click to clear crop data.
Hext: Click to enter next crop in the rotation or create a1




http:/fenergyest. sc.egov,.usda, gov/Crop. aspxfrID=14898mode=complete#dgMaterials

Select a crop:
Method 2 - Create the next crop using a predefined scenario or manually.

& Select "Pre-defined crop” ar "User defined crop”

® [If you select "Pre-defined crop", select one from the
pre-defined crop management scenarios.

® |f you zelect "User defined crop”, you will enter all
and inputs by hand.

@ Pre-defined crop | Soybeans, full; nt, 30 in. row h * “our pre-defined selection will generate a list of as
operationz that can be edited belovw (after the page

O User defined crop |...|:|r click ‘Crop Text' and enter crop name hera. . * Oneat atime, you may add or create up to 16 crop
defined crop” rotation. You must complete a crop fi
defined rotation.

# For additional guidance click the Help button at the t

Edit this list {or create a new list) of annual operation

& Crop yeat begine after harvest of the previous cro|
current crop harvest.

Insert Edit Delete Flanter, double disk opener # The order in which operationz are entered will not
# Click onthe Inzert or Edit link to inzert a new operat

lhsert Edit Delete Sprayer existing operstion. & newy windowe opens with a lis
® Todelete an operation from the list, click the Delete

Inser Edit Delete Combine * “fou can add any number of operations to a crop.

® “You can create duplicate operations.

Create a list of inputs for this crop:

* Click onthe Inzert or Edit link to insert a nesw mater
existing material. & new window opens with a list)
& Todelete a material from the list, click the Delete b
Edit Delete Pesticide, ather [Ihfacj 2 ® You can calculate a custom NPK blend by selecting
[—— Edit Delete - Select a Material - 0 fettiizer blend.' For additional guidance click on the
i E— top of the page.
& You can add any number of materials to a crop.

I Mext ] [ Cl C e Clear Crop: Click to clear crop data.
=k G0 * Hext: Click to enter next cro in the rotation or cres
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otation: Rotation 2 ~
Description Years Acres Avg. Avqg. Direct | Avqg. Indirect Total Total 20u'H
Irrigation Energy Energy Direct Indirect
Energy [galfacrefvr] (galfacre/vr] Energy Energy
[galfacrefyr) (galfrotation) [[galirotation) nation will be
Corm-Soybeans no-till b gaoo 0 2.0 12.2 1,275 B,080 11 can update that
Irrigation: Lift: 0 PSI: 0 Power Source:
U can creste a copy of
- : = = = this Fotation" button. &
Crop: Corn, grain; nt Irrigation |Direct Energy Indirect Total Total cted one. After you
Energy | (g9alfacrefcrop) Energy Direct Indirect nEwy crop with the
[galfacrefcrap) Energ? Energ?
[galfrotation) [galfrotation)
0 2.0 21.4 1,500 10,690
Irrigation Inches: 0O
Operations:
Planter, double disk opnr w/fluted coulter |
Sprayer, pre-emergence om the drop-down list
Fert applic. anhyd knife 12 in er all operations
Harvest, killing crop S0pct standing stubble e e
Materials: Pounds: e page reloads).

. K crops for & "User
anhydrous Ammonia 139.0 Ry
{lbs/ac)h
Diammonium 20,0 it the top of the page.
phosphate (DAP) 18-

46-0 (Ib/ac)
Pesticide, other 2.0
{Ibfach
Crop: Soybeans, full; nt, 30 in, row | Irrigation |Direct Energy Indirect Total Total
Energy | (g9alfacrefcrop) Energy Direct Indirect
[galfacrefcrap) Energ? Energ?
[galfrotation) [galfrotation)
0 2.1 2.9 1,050 1,470
Irrigation Inches: O  [JF creste a report.
Operations:
Planter. double disk oonr w/fluted coulter b




15 displayed below:
all rotations:

Total energy by rotation:

Total energy by rotation

Compare rotations energy use report

{ diese! equiv. gallons/dotation )

Total Energy By Rotation
zach rotation: Total Energy By Operation Category

15,4407 -
13,8964
12,3524
10,5084
9,264 4
77204
BATET
46324
30554
1,544

Comparetotal energy by rotation

R R e

T uociejoy :1d

P oo o

£ N
o

€ uoiejoy 24

Direct:
Indirect: 228

R1:
R2:

Total energy by Rotation

Direct Indirect Total
4,110 11,330 15,440
2,550 12,160 14,710
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il rotations:

Total Energy By Rotation

rach rotation: Total Energy By Operation Category

Total energy by rotation:

Total energy by rotation

185751
16,8064
14,9404
13,0734
11,2054
93351
7.470%
5 E0Gt
37351
1 866

Comparetotal energy by rotation
Direct: N
Indirect: &%

T Uoieloy :1d
€ uonieyoy 24
£ uoieloy £H

( diese! equiv.

gallons/fotation )

Total energy by Rotation
Direct Indirect Total

R1: 4,110 11.220 15,440
R2: 2,550 12,160 14,710
R3: 2,513 2,860 15,673



s3u
juaL:

ergy by operation category for Rotation 3

Total energy by Operation

Rotation 3 Direct Indirect Total

Direct: B Opl: 1,185 u] 1,185

Indil‘EEt' % DpZ: 450 9,100 9,550

Op3: &5 F&0 825

Opd: &,250 0 £,250

Op3: 765 u} TE3
2 =2 =2 =2 =2
-] -] -] -] -]
N ® & @
= T - ==
27§ %3
g 2 5§ 3
] C- . i
[} W 3 L]
o o = [
] = & =1] -]
o =1} o = =
- =2 m = e
- o = =
w w 2 T m
= =] o] = W
=1 =3 = ek
- — - [a:] (=1
= b 2 c
=] 3 = o
m K4
= &
S B
2 a
o m
2 3
bn ]
a
=1
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Contact info:
Stefanie Aschmann
Stefanie.aschmann@por.usda.gov
(503) 273-2408




