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U.S. Renewable energy consumption 2014
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Ethanol
12%

Total: 10.08 Exaloule
42% from biomass

http://www.eia.gov/forecasts/steo/tables/?tableNumber=24#



Renewable Portfolio Standard Policies

www.dsireusa.org / March 2015

VT: 20% x 2017

UT: 20% x
2025+t

29 States + Washington
DC + 2 territories have a
Renewable Portfolio

Standard
(8 states and 2 territories have
renewable portfolio goals)

U.S. Territories
Guam: 25% x 2035 o

* Extra credit for solar or customer-sited renewables
Renewable portfolio goal T Includes non-renewable alternative resources

HI: 40% x 2030

. Renewable portfolio standard




Biomass
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e Goal: Compare GWP and energy consumption
of poplar biomass sites

e Scope: From cutting production to biomass
(cradle-to-gate)

e Functional unit: 1 BDmMT
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Site 1
Area: 28.63 ha
Planting density: 3586
# clones: 11 L
. Clatsop
Harvesting cycle: 4 = - .
. . %y W, The Dales™ :
Lifetime: 11 years .. e X f e o™
Soil type: Clay v B cata

Cumy  Josephine  Jackson

Site 4 R Bn P Kiamath

Area: 4.45 ha i o
Planting density: 1375 N
# clones: 1

Harvesting cycle: 1
Lifetime: 12 years
Soil type: Clay

Site 2

Area: 315 ha
Planting density: 470
# clones: 3
Harvesting cycle: 4

/ Lifetime: 12 years

Soil type: Sandy

Site 3

Area: 21.05 ha
Planting density: 553
# clones: 3
Harvesting cycle: 1
Lifetime: 10 years
Soil type: Clay



1 BDmMT
biomass
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Methodology

LCA

LCl (Questionnaire, Report —PD & Papers— SD)
3PG biomass estimation

SimaPro v.8 with USLCI & Ecoinvent databases

TRACI (Tool for the Reduction and assessment of Chemical
and other Environmental Impacts)

— Global warming [kg CO, eq per ton]

Inventory
— Sources of energy [MJ per ton]



Land

Preparation

Stock for

initial planting

Plantation

Management

Diesel

Cuttings

Transportation

Herbicide

Diesel

Water

Electricity

Biosolids
Leachate
Fertilizer

Pesticide

Land

Restoration

Herbicide
Diesel

Pesticide

0.021
I 0.21
# 33.42
t-km 1.12
kg 0.44
I 1.36
I
kWh
kg N eq
kg N eq
kg N
kg
I 7.91
kg 0.021
I 0.15

kg 0.023

0.008
1.24

3.08

0.19
1.01
472350
14.88

0.11
10.18

0.11

0.30

4.39
0.18

12.5

66938

9.25

35.70

0.36

11.44

4.9

Herbicide

0.012

9.05
0.27

7.98
54000
17.04

35.44
6.39

13.71
0.008
0.05



Land Herbicide

. Diesel
Preparation

Stock for Cuttings

- . Transportation
initial planting

Herbicide
Diesel
Water
Electricity

Biosolids
Leachate

Fertilizer

Pesticide

SRS o -

Land Herbicide

Diesel

Restoration

Pacticide

0.021
| 0.21
# 33.42
t-km 1.12
kg 0.44
I 1.36
I
kWh
kg N eq
kg N eq
kg N
kg
I 7.91
ke 0.021
| 0.15

ko NN

0.008
1.24

3.08

0.19
1.01
472350
14.88

0.11
10.18

0.11

0.30

4.39
0.18

12.5
66938
9.25

35.70

0.36

11.44

4.9

0.012

9.05
0.27

7.98
54000
17.04

35.44
6.39

13.71

0.008
0.05



Results

Biomass yield [odt ha™ yr™]

12.70 12.60 12.66

http://www.eereblogs.energy.gov/bioenergy/post/2013/01/28/Developing-Willow-Biomass-Reducing-the-Delivered-Cost-of-Feedstock.aspx

http://forestnet.com/TWissues/Jan_feb_12/oregon_plantation.php



Process or .
Site 1
Inputs

Impact

[kg CO,eq - t!]

Process

Contributions, %

Consumption

[MJ-t1]

Inputs

Contributions, %

Cutting
Harvesting

Management

Oil
Coal

Natural gas

79.5

54.4

31.4

54

1381.8

34.7

28.1

24.7

54.7

7.3

58.7

21.0

877.43

63.0

15.9

14.5

93.1

5.5

34.9

43.1

1406.94

80.1

7.9

9.4

90.6

11.4

42.3

33.9

1484.13

56.3

11.9

26.2



Impact

[kg CO,eq - t!]

Process

Contributions, %

Consumption

[MJ-t1]

Inputs

Contributions, %

Cutting

Harvesting

Management

Oil

Coal

Natural gas

79.5

54.4

31.4

54

1381.8

34.7

28.1

24.7

54.7

7.3
58.7

21.0

877.4

63.0
15.9

14.5

93.1

5.5

34.9

43.1

1406.9

80.1

7.9

9.4

Process or
Inputs

90.6

11.4

42.3

33.9

1484.1

56.3

11.9

26.2



Process or .
Site 1
Inputs

Impact
79.5
[kg CO,eq - t1]
Cutting 54.4
Process
Harvesting 314
Contributions, %
Management 54
Consumption
1381.8
[MJ-t1]
Inputs Oil 34.7
Contributions, % Coal 28.1

Natural gas 24.7

54.7

7.3
58.7

21.0

877.4

63.0
15.9

14.5

93.1

5.5

34.9

43.1

1406.9

80.1

7.9

9.4

90.6

11.4

42.3

33.9

1484.1

56.3

11.9

26.2



=
£
a
o
B
O
(V]
(o]
o
o
[T}
=
o
=
G}

900 1100 1300
Energy consumption [MJ/BDmT]




Is poplar GWP higher/lower than other sources of energy?

MJ per kg | Kg CO, per ton | Kg CO, per MJ

Poplar 54.7-93.1 0.003-0.005
Mix Douglas-fir& Hemlock 18.0 20.0 0.001
Hard coal (2.7%)* 27.0 73.6 0.003
Natural gas (24%)* 50.0 855.0 0.02
Oil (6.6%)* 43.10 297.4 0.007

* GWP only includes extraction and treatment of raw material

Sources
Dinca et al. 2010
http://cta.ornl.gov/bedb/appendix a/lower and higher heating values of gas liquid and solid fuels.pdf



http://cta.ornl.gov/bedb/appendix_a/lower_and_higher_heating_values_of_gas_liquid_and_solid_fuels.pdf

Main findings

GWP was low in plantations with low rotation.

GWP in site 2 was the lowest due to reduced
amount of chemicals.

Harvesting process had the highest
contribution to GWP and energy consumption
in all sites.

Sites 3 and 4 had higher energy consumption
due to applications of treated wastewater and
landfill leachate.



Suggested research

Do irrigation with treated wastewater and

landfill leachate have an effect on biomass
vield?

e Can integrating waste in a poplar plantation
reduce operational and disposal costs?



Conclusions

 Biomass compared with fossil fuel as source of
energy can contribute to reduce GWP.

 Biomass energy can be environmentally
friendly if plantation managements and
operational systems are carefully selected to
reduce chemical and fuel consumptions.
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More about this topic

 Graduate Seminar — May 13th
e Ph.D. Final defense — June 30t"

Contact information:
marcia.vasquez-sandoval@oregonstate.edu

Office number: RH 252
Office phone number: (541) 737 4302


mailto:marcia.vasquez-Sandoval@oregonstate.edu

Estimation of biomass

e 3PG simulation software

e (Google account

Run model with login
current setup e Save model run

Shortcut panel e Learn about app
M AHB - 3PG Model Inputs [ Charts 8 Output : > [ Login~ |
Select or change location Full Screen the
l n p utS 9 Location Charts + Add Basic | Interactive Chart - -5
Tree Plantation Soill m Constants ner
28
\ Manage Setup "
g 21
month  tmin tmax tdmean ppt rad daylight §§’ 14
1 3.42 1036 /409  360.07 6.30404 9.53137 E 7
2 346 1182/ 368  303.18 B8.27434 10.5099 0 it % % 55 =
e See current parameter values
e Add charts
e Modify parameter values Remove a chart :
P e Modify chart types

Source http://www.mdpi.com/ijgi/ijgi-03-00929/article_deploy/html/images/ijgi-03-00929-g002.png



TRACI impact categories

Ozone depletion [kg CFC-11 eq]
Global warming [kg CO, eq]
Smog [kg O3 eq]

Acidification [kg SO, eq]
Eutrophication [kg N eq]
Cancerogenic [CTUh]
Non-cancerogenic [CTUh]
Ecotoxicity [CTUe]

Fossil fuel depletion [MJ surplus]



7.96 p
Cutting, planted in
sites

10.2 kg CO2 eq

SimaPro network

1E3 kg
BIOMASS FOR
ENERGY, SITE 4

90.5 kg CO2 eq
v

5.62 kg

Nitrogen fertilizer,

production mix, at
plant/kg/US

11 kg CO2 eq

0.0192 m3
Diesel, combusted
in industrial
boiler/I/US

60.9 kg CO2 eq

0.0196 m3
Crude ail, in
refinery/kg/US

8.76 kg CO2 eq

114 MJ 9.85 m3
Electricity, at Grid, Natural gas,
WECC, processed, at
2008/kKWh/RNA plant/m3/US
17.7 kg CO2 eq 3.96 kg CO2 e
| Il
39.4 MJ 432 MJ 10.1 m3 18.4 kg
Electricity, natural Electricity, Natural gas, at Crude oil, at
gas, at power bituminous coal, at extraction production/kg/RNA
plant/kWh/US power plant/kWh/US site/m3/US
7.86 kg CO2 eq 12.8 kg CO2 eq 3.03 kg CO2 eq 3.79 kg CO2 eq

15.1 MJ
Electricity, at grid,
US/KWh/US

3.2 kg CO2 eq

1.27 m3
Natural gas,
combusted in

industrial

2.9 kg CO2 eq -

0.000427 m3
Residual fuel oil,
combusted in
industrial boiler/I/US]

1.57 kg CO2 eq

84.4 tkm
Transport, ocean
freighter, average
fuel mix/tkm/US

1.51 kg CO2 eq

Example: Site 4
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