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Analysis on microlgae based CO, capture value-chain

Hsiao-Wei Chen 2b* Chao Ou-Yang®

a. Chemistry and Environment Laboratory, Taiwan Power Research Institute, New Taipei City, Taiwan
b. Department of Industrial Management, National Taiwan University of Science and Technology
* Corresponding author. Tel: +886-2-80782244; Fax: +886-2-26822793; E-mail addresses: u630816@taipower.com.w

1. Introduction

The industrial progress, convenience transportation, improvement of civilization and
people’s excessive dependent on fossil fuels in the past have resulted in massive amount of
CO, being released to the atmosphere. Hence, the effective greenhouse gas emissions
reduction has become a common globular issue for mankind, as well as a future
management challenge for Energy industry.

2. Methodology: Value chain analysis for carbon capture

Porter's value-chain model Microalgae-based CO, Capture value-chain model
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Figurel. Porter’s value-chain model  Figure2. based CO, capture value-chain model
3. A pilot case study

The bioreactor unit consisted of a
stacked three-dimensional microalgae

culturing  system composed of 2,016
individual 15-L PET transparent containers
(for a total volume of 30,240 L), and 2-
inch-diameter triple-linked ABS valves.
The general culturing conditions entailed
an atmospheric temperature of 30~34°C
and a seawater temperature of 28~32°C.
Each batch was cultured for 15 days at a
production rate of 7.43 g m-2 d-1.

Figure3. Photobioreactor was located at a coal-fired
power plant in southern Taiwan.

Table1. Energy consumption and carbon fixation capacity of a photobioreactor in a year.

Item

Average flue gas CO, (%) 12
Flue-gas pipe (m) 16
Actual volume of culturing (L) 28,728
Footprint of the bioreactor (m?) 100
Annual capacity (batch) 18
Annual dry algal mass production (kg) 1,220
Annual amount of CO, fixation (kg) 2,234
Power per batch (kWh) 130
Energy per batch (kg CO,) 83
Total annual energy ion (kg CO,) 1,494
Actual carbon fixation per year (kg CO,) 740
Projected annual carbon fixation per hectare (ton CO,) 74.0

Table2. Microalgae-based CO, capture benefits and costs of the photobioreactor in a year.

Ttem
Costs Quantity | Unit price | Total price
Fixed cost (NT$) | flue-gas pipe (NTS/m) 16 160,000
(etired after 15 years) | Photobioreactor (NTS/yr) 1
Variable costs (NT$/kg) 1220
Benefits

Biofuel price (USS/metric ton) 10325

Microalgal extracts for skin care products price (NTS/kg) 500,000
Carbon tax income (NT$/metric ton) 300
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4. Discussion
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FigureS. The relationship between length of flue-gas pipe
and profit at 98.5% microalgal biomass for biofuel and
1.5% microalgal biomass for skin-care product.

Figure4. Portfolio of microalgal co-products
conversion.
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Figure7. Profit chart Microalgal biomass 98.5% for fuel,
1.5% used in the manufacture of skin-care product,
100% for biofuel production and microalgal raw material.

Figure6. Relationship between cultivation
cost and profit at total harvested algal mass
(dry mass) is increased in 10%~100%.

b

.

Table3. SWOT analysis on

d CO2 capture val in a power plant

Strength Weakness

(W1)Lack of safety trials to meet applicable
standards.

(W2)Lack of material balance, energy
balance, water, and thermal commercial

(S1)Proximity of CO, sources at a power plant.

(S2)A low cost and minimize process energy
intensity.

53)Co-product extraction and recovery

Internal
Environment
(

. P management.
technols t h: the fe i f N L
echnologies to enhance the feasibility of | \y3)v1555ive o, emission from power
the value chain. plant.

Opportunity

(O1)No existing standards for various aspects
of microalgal biofuels production.

(02)Fist movers can inform further
development of applicable laws and

Threat

(T1)Fuel shortage
Lack of government policies to protect
biofuel production.

External
Environment

standards. (T2)No applicable consumption standards.
(03)Biofuel production and gains the carbon (T3)Biofuel is in a low price.
credit.

5. Conclusion

10

€O, emissions from thermal power generation to cultivate microalgae has not only solved costs, land
space and other problems, but also offering a new direction and opportunities in the development of
carbon reduction technology. Microalgae are receiving increased global attention as a potential
sustainable “energy crop” for biofuel production. Based on Porter’s value-chain model, microalgae
based CO, capture value chain was used to construct a value chain that reflects the opportunity of
microalgae based CO, capture technology. The value chain primary activities used here were including:
(1) inputs; (2) cultivation; (3) Co-products conversion, and support activities used here were including:
(1) natural resources; (2) operation model; (3) technology development; (4) carbon footprint. Through
a pilot case study, the result shows the location of microalgal culturing system close to the power plant
should have been relative to the value added. The improvement of culturing system performance
should also have been relative to the value added. There is no niche that microalgal biomass for
biofuel and raw material production at present. The adding of other high-valued products will be more
cost-effective. Though the SWOT analysis to analyze the microalgae based CO, capture value-chain, it
shows using strength-opportunity strategy (SO strategy) to develop the core function, and make
microalgae based CO, capture model more successful. The value chain model will help guide needed
investments and the deployment of microalgal based CO, capture from a power plant.

T Analysis on microlgae based CO: capture value-chain g
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