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Waste Heat and Carbon Dioxide Utilization at Robbins Community Power
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Introduction  Plant Background
Robbins Community Power

Plant Overview

Refitting former waste to energy plant to
clean burning wood biomass plant
50 MW output
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Introduction Plant Background Problem Statement

Team Problem

/Problem: \

* 40% of wood chips utilized inefficiently
+ Plant generates waste heat and carbon
dioxide

Solution:

« Turn small wood chips into useful products
\ « Capture waste heat for productive uses /

* Remove carbon dioxide from flue gas
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Introduction Plant Background Problem Statement Project Goals

Objectives

4 )

« Examine the feasibility of using the heat and CO2 from the plant
*Quantify heat to be captured with heat exchanger

*Determine the requirements and market for wood byproducts
*Analyze cost-benefit of the various processes

- J
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Introduction Plant Background Problem Statement Project Goals Team Organization

Group Structure
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Introduction Plant Background Problem Statement Project Goals Team Organization Progress

Heat Exchanger

Flue gas (430°F

Robbins Community Power
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Introduction Plant Background Problem Statement Project Goals Team Organization Progress

Heat Exchanger

Purpose

The plant produces waste in the form of high
temperature flue gas and find a way to extract the
heat from the flue gas and use it elsewhere.

Produce steam or hot water as options.
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Introduction Plant Background Problem Statement Project Goals Team Organization ProgreSS

Heat Exchanger

4 A

Process

- Heat extraction needs a heat exchanger
+  Transfer of heat depends on
- Temperature

\ Pressue a4 shotsid =
u

Tube-side
fluid outlet

Tube-side
fluid inlet

—

\ Shell side fluid outlet J
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Introduction Plant Background Problem Statement Project Goals Team Organization Progress

Heat Exchanger
/I—Ieat Exchanger \

Option

- Shell and fin tube heat exchanger
+ Hot water production
- Plate and frame heat exchanger
- Preheat ambient air
- Additional heater provides low/high
pressure steam
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Heat Exchanger

-

The “2” Components

~

Components Mass flow rate T (in) T (out)
(Ib/hr) (°F) (°F)
Flue gas 565,644.4 429.8 199.4
Water 456,356.9 81.3 212
(Exchangeable heat between flue gas and water is about 59 MMBTU/h r\
Flue gas in ) Flue gas out
Shell and tube
\ Water out ' Heat EXChanger / Waterin )
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Introduction Plant Background Problem Statement Project Goals Team Organization Progress

Heat Exchanger

Results and Economics

Shell and Tube heat exchanger is ideal.

Flue gas output is at a low temperature and well enriched
with quality CO2 for greenhouse.

Our clients invests $ 1.31 million into building heat
exchanger.

Based on 0.3 cents/lb of steam, company can produce
$1,359/hr

Ability to use steam for space heating or industrial
process heat

Resulting in $1.1 million in revenue per year

RCP
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Bio-Char
Gnuunt of Wood \

> |inch
#[0.25-linch
"< .75 inch

|

\_ Bio-0il Bio-char
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Bio-Char

Recycle gas heater (syngas)

Biomass 0.364ton/hr (397.4 MJ/hr)
: W .
4ton/hr Rntary C
( Dryer
2.8 ton/hr
20 % moisture E FB:[
30 % moisture B3° C -
25° T pyrolysis
Flow gas Y
[.2ton/hr

10 % moisture Bio-oil

2.1ton/hr

Steamin  Steam out
Fast Pyrolysis: o
Process 80,000 ton/yr s
Yield:
60,000 ton /yr (Bio-oll)
9,600 ton/yr (BioChar)

Char
' 0.356 tan/hr
10,400 ton/yr (Syngas)
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Bio-Char
/ Annualized Cost Capital Cost Revenu\
(SMM) (SMM) (SMM)

Cost of feed (S) 1.44
Cost of dryer (S) 0.3
Cost of steam (S) 0.08
Cost of storage (bio-oil and 1.5
bio-char) (S)
Labor and Maintenance (S) 0.43
Reactor cost (S) 6.0
Miscellaneous cost (S) 0.15
Transportation cost (S) 1.30
Value of Bio-oil (S) 9.7
Value of Bio-char (S) 0.4
Loan Repayment 1.2 1.2
Yearly Cost 34

Net (S) 4.6 7.8 5.5
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Bio-Char

Pelletizer Process
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Total cost and profit

Production Start

(ton/ hours) Cost
(USD)

(x 108)

5 1.66

10 3.32

15 4.98

Operating  Total

Cost
(usp)
(x 108)

0.425

0.700

0.825

Pellet

Sales
(USD)
(x 109)

6.90

13.80

20.70

Total
Shipping
Cost

(USD)
(x 106)

2.83

5.66

8.49

Bio-Char

Number | Energy @ Profit

of pellets = (kWh) (USD)
106 106
produced (x10°) A
(tons)
(x 109)
0.025 113.25 1.98
0.050 226.50 4.12
0.075 339.75 6.40
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Bio-Char
Benefits
Environmental Sustainability
Reduced greenhouse gas
emissions
Improved air and water
qu al Ity Pyrolysis
Zero Waste/Low Energy Process Q SUN ENERGY \;\
Job creation and economic growth coz — i
X CLOSED
BIOMASS PRL(())COI:SS BIOCHAR

Carbon
Microbes and

Nutrients
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Greenhouse

Purpose

* Bypassing the use of the 300ft tall smokestack

Problem

- Reduce CO2 and excess heat in flue gas

\_ /
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Greenhouse

a )
Greenhouse

Utilizes .25-.9MMBTU/hr of waste heat to retain ideal temperature
Plant generates enough heat for 30 acres of greenhouses

.

frees B

« Absorb 2 Ibs/year of carbon dioxide

at 0-3 in DBH

« Tree nursery to replace trees killed by
diseased

Crops

« Absorb 3-8 Ibs/year of CO2 per
square meter

« Greenhouses provide jobs and
healthy food for community resident
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Greenhouse

~

: Algae Production

Utilizes carbon dioxide more efficiently than other plants.
The oil in the biomass can be extracted and made into 2000 gallons of
\_ biodiesel per acre of algae. )

ﬂ%aceway Pond \ ﬂBioreactor \
. qz;zb::\.\
Nores 22N

—_—
R Motcrized
) paccle
7 &
A TG
\ _'_:,i. ﬁ/ Algae
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Greenhouse
Economic Feasibility
Costs:
Initial construction of 20 structures/ponds $1,200,000
Cost per year for initial construction $ 190,000/year
Annual lease of the Cal-Sag property =~ $ 200,000/year
Costs to grow algae $ 10,000/year
Revenue
Sales of algae oil $ 30,000/year
Lease of heated greenhouses $1,300,000/year
Total Net Revenue $ 930,000/year

Community Benefits

Growth of replacement trees

Reduction of carbon dioxide and heat in the environment
Jobs in the community
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Introduction Plant Background Problem Statement Project Goals Team Organization Progress Conclusion

4 A

Conclusion

* Reduce CO:2 and waste heat

* Minimize wood waste

» Develop valuable byproducts

* Increase revenue for the plant

* Create jobs in the surrounding communities

/

B
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Introduction Plant Background Problem Statement Project Goals Team Organization Progress Conclusion

4 N

Questions?
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Range Calculations

U Inner Area Outer Area Fixed Head
(BTU/ft-hr-°F) % % Ceu (9)
10

43,610 52,819 5,816,715
50 8,189 9,909 1,111,576

« Recommended option,
— Cg=%$72,940

— Cp=$396,996

— Cgy = $1,310,088
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