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Constraints

Description

Regulations

DG Fairhaven, Samoa, CA

Employment
Opportunities

Must meet all local, state, & federal
regulations

Jobs provided from an alternative
must be greater than or equal to
existing biomass energy facilities

0 510 20 30 40
O Viles

Facility Direct Indirect Total
DG Fairhaven 22 19 41
HRC Scotia 25 30 25




Criteria Description Quantification
Social
. Minimize change in visual effects to
Aesthetics & Volume of unnatural structures (ft3)

surrounding environment

Community Support

Maximize public approval

The percentage of the people who approve
the project (%)

Economic
Payback Period Minimize time until a prgject begins making | The number of years befqre a project begins
a profit to make a profit (years)

Employment Opportunities

Maximize job opportunities

Number of job opportunities that the
project would produce or preserve (#)

Project Implementation

Maximize ability for implementation of
project at the federal, state, and local level

Time required from approval to beginning
operation of alternative (months)

Environmental

Air Quality

Minimize air quality impacts

Amount of NAAQS pollutants (PM,,, NO,,
SO,, CO) (US tons/year)

Carbon Sequestration

Maximize sequestration of carbon

Amount of 20-year equivalent CO,
sequestered per year (US tons eq. CO,/yr)



55% sent to local distribution
center/community garden

ol

Humboldt County Community
Garden and Distribution Center

Consumer covers transportation
costs and material is free

- S
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Community GardensiDistribution Centers:

-Mulch, animal bedding, and compost with excess biomass
-Community tours and workshops
-Sustainable agriculture education
-Pick up of material is free of charge for community members
-Free drop off of green waste for community members
-Sales employees work in office to find and build consumer
relations
-Recreation space for community and free garden space
Consumer covers
transportation costs and $7
per cubic yard

45% sent to distribution center in
central or southern CA

—{, 5

Southern or Centr;.I CA
Community Garden and
Distribution Center




/ Inputs: Energy, Labor /

Outputs: Woody
Biomass, Vehicle
Emissions

Outputs: Emissions

Densification Facility

Transportation

Inputs: Sawdust, Vehicle
Fuel, Labor

Inputs: Woody Biomass,
Energy, Labor

Outputs: Densified
Woody Biomass,
Emissions

Inputs: Woody Biomass,
Energy, Labor

Biomass
Drying

Transportation
——————» to Consumers D

Briquetting
Machine

Outputs: Sawdust,
Emissions
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Client Weight

Criteria Description Quantification (1-10)
Social
Minimize ch in visual eff
Aesthetics nimize ¢ an'ge n V|'sua erects to Volume of unnatural structures (ft3) 2
surrounding environment
. . . The percentage of the people who approve
Community Support Maximize public approval the project (%) 5
Economic
payback Period Minimize time.until a prc.)ject begins The nur_nber of years bef(?re a project 4
making a profit begins to make a profit (years)
. o . Number of job opportunities that the
4
Employment Opportunities Maximize job opportunities oroject would produce or preserve (#)
: . Maximize ability for implementation of Time required from approval to beginning

P Impl . . . 2

roject Implementation project at the federal, state, and local level operation of alternative (months)

Environmenta
, . o I Amount of NAAQS pollutants (PM,,, NO,,

Air Quality Minimize air quality impacts 50,, CO) (US tons/year) 5

. . . A t of 20- ivalent CO
Carbon Sequestration Maximize sequestration of carbon mount o yearequivalen 2 5

sequestered per year (US tons eq. CO,/ yr)




Alternative Scores (1-5)

Weight of

Criteria . . Biomass Fuel Particleboard T Community-Scale
Criteria e L . . Distribution Network . AR
Densification Facility Facility Biomass Gasification
Social Criteria
Aesthetics 3 4 3 5 4
Community Support 7 4 1 5 2
Economic Criteria
Payback Period 4 5 1 5 3
Employment
Opportunities 4 2 2 2 2
Project 2 3 4 4 4
Implementation
Environmental Criteria
Air Quality 5 1 5 5 5
Carbon Sequestration 5 1 3 1 5
Overall Weighted Score 84 76 116 104




Distribution Network and Distribution Network and Distribution Network and Fuel

Constraint Community-Scale Gasification Particle Board Facility Densification Facility
Social
Aesthetics - - }
Community Support - - ;
Economic
Payback Period - - +
Employment Opportunities + + +

Project Implementation - - }
Environmental

Air Quality + - ,

Carbon Sequestration + + -
Net Scores

Net Negatives 4 5 5

Net Positives 3 2 2



Community-Scale Gasification and

Distribution Network

SynGas
Electricity
(141 Gwh)
Saw Mills [}

. . BioChar
84% Mass (6) Gasification PT—
- erees Distribution
(416,000 US Tons) Facilities (31%?]2)“3 [\
Transportation D

16% Mass .| Distribution Distribution
(79,000 US Tons) | Network ™ . -

!

Community
Garden
(7,900 US Tons)
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L Distribution Network
Gasification Facilities

£McKinleyville
SAreata .. -

Py <3

k3

Eureka, " ﬁ

% Fortuna ~

Ferndale

fo '}Rio Dell

%Garberville

A genetic algorithm was utilized to minimize the maximum
distance between each shown city and the alternative sites.

» Important to help minimize transportation of the
biomass.

Six total gasification units (two in each chosen city).

» Determined cities are McKinleyville, Fortuna, and
Garberville.

One distribution network center in Rio Dell.




Aug-Sep 2019 RCEA Public Meeting Voting
(Eureka, Orleans, and Redway)

Local solar

Local small hydro
Local offshore wind
Local on-shore wind

Non-local renewables

Local biomass

Non-local large hydro

Nuclear

0% 20% 40% 60% 80% 100%

W Do notinclude © As-needed, minimize M Include as key element B Maximize

Distribution

Criteria Network Gasification|Total/Average
Aesthetics (ft°) 14,900 1,842,000 1,856,900
Community Support 35 33 59

(%)




Project Implementation expected to be 48 months.

Employment Distribution

Type Network Gasification Total

Direct 15 200 215

Indirect 20 16 36

D::‘;r,:‘?vl:’t:: : Gasification Total
Capital Cost (S) 4,070,000 101,250,000 105,320,000
Annual Revenue ($) 2,354,000 37,183,000 39,537,000
Annual O&M Cost (S) 1,418,000 12,312,000 13,730,000
PBP (years) ~-- 4




Net Exisiting Net Preferred
W Existing W Preferred Alternative m Existing ® Preferred Alternative

SOx (US tons/yr)

PM (US tons/yr)

CO (US tons/yr)

NOx (US tons/yr)

0 500 1000 1500 2000 2500 0 100,000 200,000 300,000 400,000 500,000 600,000
NAAQS emissions (US tons per year) GHG emissions (US tons of CO,e per yr)

*Note: PM is PM,,and GHG emissions are just process emissions.




NAAQS Emissions by Alternative NAAQS Emissions by Process

63.4%

m Distribution Network  m Gasification Transport M Process
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Interest rate

6.4%

Inflation rate 1.7%
Present Worth Cost $123,320,000
Present Worth Benefit $360,970,000
Present Worth Net Benefit $237,650,000
| | | | I | |
| | | | | | | |
awml | 1] [ !
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Alternative Recommendation —

e Use distribution network and gasification facilities for the waste woody biomass.
* Optimized the city location of the distribution network and gasification facilities within Humboldt County.

Future Work —

* Research grant funding and partner opportunities to help implement the project.

Advantages Disadvantages
Balance of social, economic, and Low demand for non-combustive uses of
environmental criteria waste woody biomass and biochar
Low NAAQS pollutant and GHG emissions Large capital cost

Helps meet RCEA 2030 goal for local

Decentralized with 4 different locations
renewable energy sources

Large benefits for the community Public perception
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* Richard Engel and Anamika Singh at RCEA

* Bob Marino and the crew at DG Fairhaven

* RUF Briquetting Systems
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Gasification Facilities —

Distribution Network —

Index Cities Garberville Rio Del Fortuna Ferndale Eureka Arcata McKinleyville Trinidad
1.0 Garberville 0.0 41.5 49.8 57.0 67.0 745 80.4 90.0
20 Rio Del 415 0.0 8.4 15.6 257 332 39.0 48.4
3.0 Fortuna 49.8 8.4 0.0 75 175 250 30.9 40.3
4.0 Ferndale 57.0 15.6 75 0.0 196 271 32.9 42.0
5.0 Eureka 67.0 257 17.5 19.6 0.0 7.7 13.5 23.0
6.0 Arcata 74.5 332 25.0 271 7.7 0.0 5.8 15.3
7.0 McKinleyville 80.4 39.0 30.9 32.9 13.5 5.8 0.0 10.0
8.0 Trinidad 90.0 48.4 40.3 42.0 23.0 153 10.0 0.0
1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Site Placement [Changing Variables Cities Garberville Rio Del Fortuna Ferndale Eureka Arcata McKinleyville Trinidad
Garberville 1.0 Garberville 0.0 41.5 49.8 57.0 67.0 745 80.4 90.0
Fortuna 3.0 Rio Del 49.8 8.4 0.0 75 175 250 30.9 40.3
McKinleyville 7.0 Fortuna 80.4 39.0 309 329 13.5 5.8 0.0 10.0
5.0 Ferndale 67.0 257 17.5 19.6 0.0 7.7 13.5 23.0
4.0 Eureka 57.0 15.6 75 0.0 106 271 32.9 42.0
8.0 Arcata 90.0 48.4 40.3 42.0 23.0 153 10.0 0.0
2.0 McKinleyville 41.5 0.0 8.4 15.6 2567 332 39.0 48.4
6.0 Trinidad 74.5 33.2 25.0 271 7.7 0.0 5.8 15.3
[ Minimum 0.0 8.4 0.0 7.5 13.5 5.8 0.0 10.0
Max 13.5 Notes:

*All values are in miles

*Assumed placement of 3 gasification
locations across the county.

Index Cities Garberville Rio Del Fortuna Femdale Eureka Arcata McKinleyville Trinidad
1.0 Garberville 0.0 41.5 49.8 57.0 67.0 745 80.4 90.0
2.0 Rio Del 41.5 0.0 8.4 15.6 257 332 39.0 48.4
3.0 Fortuna 49.8 8.4 0.0 75 175 25.0 30.9 40.3
4.0 Femdale 57.0 15.6 7.5 0.0 19.6 271 329 42.0
5.0 Eureka 67.0 25.7 17.5 19.6 0.0 7.7 13.5 23.0
6.0 Arcata 74.5 33.2 25.0 271 7.7 0.0 5.8 15.3
7.0 McKinleyville 80.4 39.0 30.9 32.9 13.5 5.8 0.0 10.0
8.0 Trinidad 90.0 48.4 40.3 42.0 23.0 1563 10.0 0.0

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
Site Placement |Changing Variableg Cities Garbenille Rio Del Fortuna Femdale Eureka Arcata McKinleyville Trinidad
Rio Dell 2.0 Garberville 41.5 0.0 8.4 15.6 257 33.2 39.0 48.4
5.0 Rio Del 67.0 25.7 17.5 19.6 0.0 7.7 13.5 23.0
4.0 Fortuna 57.0 15.6 7.5 0.0 196 271 32.9 42.0
6.0 Femdale 74.5 33.2 25.0 271 7.7 0.0 5.8 15.3
7.0 Eureka 80.4 39.0 30.9 329 13.5 5.8 0.0 10.0
3.0 Arcata 49.8 8.4 0.0 7.5 17.5 25.0 30.9 40.3
1.0 McKinleyville 0.0 41.5 49.8 57.0 67.0 745 80.4 90.0
8.0 Trinidad 90.0 48.4 40.3 42.0 23.0 153 10.0 0.0
| Minimum 41.5 0.0 8.4 15.6 25.7  33.2 39.0 48.4
Max 48.4 Notes:

*All values are in miles.
*Assumed placement of one distribution
network in the county.




n (yrs) 10
Capital Cost (S) $105,320,000
Annual Costs (S) $13,730,904
Annual Revenue ($) $39,536,601
interest rate 0.0e4
annual O&M $13,730,904.5
Annual Interest payment () $9,478,800
Total annual cash flow ($) $16,326,896
Total loan payment $145,820,218.68
Annual interest payment $14,582,022
Capital Costs $105,320,000.000
total interest paid $40,500,218.68
PWC (P/F, i=1.69%, n=10) $123,320,498.56
inflation rate 0.0169
Total Annual Costs $28,312,926.3
Total future costs $145,820,218.68
PWB (P/A, i=1.69%, n=10) $360,970,734.25

PWNB= PWB- PWC

$237,650,235.68




1 2 3 4 5
Criteria Quantification Poor Below Average Average Fair Exceptional
Social
Aesthetics Volume of unnatural structures (ft3) > 15 million 10 < x £ 15 million |5<x<10 million|1<x<5million < 1 million
Community Support | 1€ Percentage of the people who < 20% 20 < x < 40% 40<x<60% | 60<x<80% > 80%
approve the project (%)
Economic
Payback Period The number of years befc?re a project >8 6<x<8 4<x<6 2<x<4 <2
begins to make a profit (years)

Employment | Number of job opportunities that the <100 100 < x < 200 200<x<300 | 300<x <400 > 400
Opportunities project would produce or preserve (#)

Proiect Time required from approval to

J . beginning operation of alternative > 84 60<x<84 36 <x<60 12<x<36 <12
Implementation
(months)
Environmental
. ) Amount of NAAQS pollutants (PM,, 1,000 < x <
< < <
Air Quality NO,, SO,, CO) (Total US tons/year) > 4,000 3,000 <x<4,000 | 2,000<x<3000 2000 <1,000
Amount of 20-year equivalent CO
Carbon 2 -200,000 < x £
<- - < <

Sequestration sequestered per year (US tons eq. CO, <-200,000 - 100,000 100,000 <x<0 | 0<x<100,000 > 100,000

per yr)
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