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BE NTU 2
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National Taiwan University

Department of Bioenvironmental Systems Engineering
College of Bioresource and Agriculture
National Taiwan University
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Engineering for Sustainable Environment

Department of Bioenvironmental Systems Engineering (BSE):

* |n 1945, the BSE was one of the foundational departments of National Taiwan University.

* Our department was established as “Department of Agricultural Engineering” under the
College of Agriculture.

* Our department was renamed as the “Department of Bioenvironmental Systems
Engineering (BSE)” in 2001.

* The funds are mainly from government departments, among which the National Science
and Technology Council (NSTC), the Council of Agriculture (COA), the Environmental
Protection Administration (EPA), and Water Resources Agency of the Ministry of
Economic Affairs (WRA, MOEA).

* We have long-term close cooperation with the Agricultural Engineering Research Center
(AERC) and the Hydrotech Research Institute of NTU.
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Current Research Directions at BSE, NTU

BV EERBEYNSRE 20

College of Bioresources and Agriculture, National Taiwan University
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‘—,“w ¢ Department of Bioenvironmental Systems Engineering, NTU

K e 1o

Soil and Water Resources Management and
e alll Ecological Engineering
) ; « Flood and Drought Hazards Mitigation
'\ * Debris Flows and Landslides
» Land Subsidence Control
* Soil and Groundwater Remediation
« Environmental Contamination Prevention
e Irrigation and Drainage Planning and Management
» Green Construction and Landscape Planning
« Paddy Ecology and Environment
« Soil and Water Resources and Ecological Restoration
 Ecological Wetland and Ecological Restoration
¢ Ecological Risk Analysis and Ecosystem Simulation

Sustainable Environmental Planning and

Green Building Design

* Green Building and Rural Planning

« Environmental Impact Assessment

e Green Energy and Carbon Sequestration

« Environmental Change Modeling and Monitoring

o Informatics and Systems Analysis

o Vulnerability Assessment and Adaptive Management for
Climate Change

« Sustainable Watershed Management

 Hydroinformatics and Ecohydrology

» Water Resources Systems Analysis and Planning

/

/ for Green Technology

Current research topics relate to water technology (selective sorption, electrokinetic separation) and biosolid valorization
technology (electrofermentation, anaerobic digestion, low-oxygen thermal conversion), as well as healthy watershed practices from
scientific aspects (carbon and nutrient cycles) to engineering domain (water quality improvement, carbon farming).

Please contact Prof. Shu-Yuan Pan (email: sypan@ntu.edu.tw) for more information.

HUSEEABEMRARGTES R

¢ Department of Bi | Systems ing, NTU

Welcome to Green Technology Lab
(EHABRTRE)

We focus on the GREAT (Green Research for Environmental
and Agricultural Technologies) to realize circular economy
system. We have three main research themes: (1) precision
separation for water reuse, (2) agricultural (bio)waste utilization,
and (3) healthy watershed practices. Our group specializes in
practical applications of water reuse and solid waste conversion
technologies, especially in electrochemical systems. We have
our own laboratory focusing on separation systems for
agricultural and environmental applications towards a circular
economy. In some cases, we also collaborate with experimental
groups around the world.

] __'u.
https://homepage.ntu.edu.tw/“sypay




/Green Technology Laboratory

Principal Investigator: Major GT Research Themes:
* Shu-Yuan (Sean) PAN (% =)

Priority Research Directions: - N \
’Theme 2: Waste Valorization Tech. ! Theme 4: Net-Zero Tech. |

e Agricultural Wastewater Reuse Catalysts m\ - Soil Nr Emissions
. .- . i ) Biogas/Syngas | *« BECCU

(] i Biochar | 1
Biowaste Utilization Technology ii o Carbon sink |

* Soil-Water Quality Control ! N~ ; " «Mineralization
. 0 Biosolids Dp Carbonates |

* Ecosystem Services Digestate ; Pure ;

* Carbon-Nitrogen (C-N) Cycles

Wastewater | Theme3 Healthy Watershed|
» (Micro-)plastics

Approaches:
* Interfacial and Surface Chemistry
* Electrokinetic/Thermal Approaches

e'he LCA-ES Assessment

* Irrigation Water
 Reservoir / Lake
* Ecosystem Services

ratlonTech RV o Watershed

"""""""""" E (heavy metals)

( L3\ Asia-Pacific
APEC Economic Cooperation

Bio-Circular-Green (BCG) Economy

* Policy (waste and energy)
* Awareness and capacity
building, knowledge

sharing, co-ordination of o

research Natural (U)
. . capital

 Data and information Human

systems : capital
. Social

* Integrated accounting- capital
based approaches (SEEA) ‘ RS

* Local-level pilot studies ] f’? 7
(e.g., waste, energy, : Produced
agriculture and food capital

©IDEEA

°systems, or tourism)

A\
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2. A Conceptual Design for Precision Separation

* Cascading Separation Processes for Agricultural Wastewater

------ » Anaerobic Digestion ===-> Digestate
]

v ICM-EDI*
Extraction Electrodialysis  (or Shock-ED)
Piggery E"-"E.n (=] Reclaimed
Wastewater <[F ?é"“’hfa Water

o[ e

Precipitate g 7 Concentrate Concentrate
5
=

Nutrients Organic Acids

Eritrys Humin & Humic Acid
oo i+

-i-r T (Chen, Pan* et al., ACSSCE, 2021) Eylvic Acid
Article Download Link

Figure 6. Conceptual design of cascading separation processes for digestate valorization as biofertilizers, nutrients, organic
acids, and reclaimed water.

(Wei, Pan* et al., (Lin, Tseng, Pan*, et al., On-
Water Research, 2022)  going NSTC project, 2023)

K (* ICM=lonically Conductive Materials; EDI=EIectrodeionizationy

(Ref: Chen, Li and Pan*, ACSSCE, 202)

—~
2.1 Energy-Efficient Separation

* Adsorption-based Cascade Acs st 1, bl
Separation Processes for Humic Chemlstrya Errllgaeermeg
Substance Recovery from —
Piggery Wastewater

Cascade Separation Process

Piggery
Wastewater OHq

AL
L)

Precipitate Precipitate - =
\ {&j P1: Humin  P2: Humic Acid Rich £ 2 R
W & > Solution == E =1 =
o o o < Acsublications

K Article Download Link
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2.2 Fit-for-Purpose Electrochemical Technology

~

* Catalysts
* Adsorbents

* Modularized designs

* Process intensification
* Hybridization

* AloT technologies

New Materials System Integration

* Next-gen membranes
* Electrode composites

* Fit-for-purpose supply
* With green energy

* Waste recycle & reuse
* System optimization

Feauring wrk by Dr.Pen-Ch Chiang nd D Sath W. Sy
v he eams o th Carbon Cycl Resaarch Cane,

Transporaton Divion laho Natorsl
e Enargy Sysams O, Argonns il

Escrokinee desinationof backs watand socies
cratngesin e waer s

ererey

Lsoratory Usk and
norsory,

sk

Soase W SoydaPan ChChiang.
e i S i s et
Forviy

rsc.li/es-water

1. WASTE PREVENTION

Prioritize the prevention of waste,
rather than cleaning up and treating
waste after it has been created.
Plan ahead to minimize waste at
every step.

6. DESIGN FOR ENERGY EFFICIENCY

Choose the least ener% -intensive
chemical route. Avoid heating and
cooling, as well as pressurized and

vacuum conditions (i.e. ambient
temperature & pressure are optimal).

7. USE OF RENEWABLE FEEDSTOCKS

Use chemicals which are made from
renewable (i.e. plant-based) sources,
rather than other, equivalent
chemicals originating from
petrochemical sources.

Balancing “Energy Consumption” and “Product Recovery” is Important

(Pan et al., Environ. Sci.: Water Res. Technol., 2018, 4, 613—-638)

0.8

—— 10.0g/L NaCl
—— 5.0g/LNadl
—— 25g/LNaC

0.7

T T T
> 3
>

&
<

Pressure-Driven
r—————

Electrgkinetic
Desalfnation ]

(e.g., RO).

e
= (e.g., §D/CDI)
5 06 1
o
2 os 1
3
g
z 04 / 1
>
o
g 03 / i
[T
E 0.2 /
c e
= 01 ;________,_————— ]
R —
00 . : : . " . .
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Fig. 2 Theoretical minimum energy for brackish water desalination as
a function of recovery ratio. The recovery ranges, in which most RO
and EDI plants operate, are highlighted (assumption: feed at 15 °C,
effluent salinity target of 0.5 g L'* NaCl. The curves of minimum
energy requirement are determined via the Gibbs free energies of
solvation as a function of the recovery ratio. Typically, clean water

with a salinity of <0.5 g L™ is required for human consumption.*®

/

e

(Ref: Wei, Pan*, et al., 2022, Water Researcm

1. Selective Separation of Nutrients from Wastewater

* Lab-scale Electrodialysis (ED)
(a)

(b)

Electrical Conductivity of Dilute (mS/cm)

Electrical Conductivity of Concn. (mS/cm)

—_
(2]
—

Selective Separation
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Measured Cell Voltage (V) Applied Current (A)

Effect of separation time on electrical conductivity: (a) dilute and (b) concentrate streams in the CV mode; (c) dilute and (d) concentrate

@

streams in the CC mode. Effect of (e) measure cell voltage and applied current on separation efficiency for different ions in digestate
(operating time: 120 min). (f) current efficiency of various ions in the CV and CC modes (operating time: 120 min).
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2. Advanced Electrodeionization (EDI) Units at NTU

(Ref: Y-I Lin and S-Y Pan*, 2023, CEJ, In Reviem

* Lab-scale EDI driven by Solar Power (Battery)

Solar-
Driven

\_

Electrokinetic

Separation

-\ Dilute tank

L 7
—% =

Power supply

/

i

Electrode rinse

Q

N\
\

\

Concentrate tank

Figure 3-1. Conflguratlon of AECE Stack and AEBP-Stack used for electrically \
-driven neutralization and desalination in this study.
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(1) lonically Conductive Materials (ICMs)

(Ref: Y-L Liao and S-Y Pan*, 2023, On-going Researcm

\
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* Manufacturing
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/ (Ref: P-C Tseng and S-Y Pan*, 2023, On-going Researcm

(2) Organic Acids from Fermentation Broths

.{ NaH (=T S e o =, s b= e r
| Reuse 'l . | .
| : Succinic acid Basic Acidic
- ™ I I product
'h Fermentatlon”:’ump / !
‘ : \ » BMEDI Module ﬂ |
s [ broths | = I
| ; I
I I Digestate
I I Liquid
Bioreactor 5
@
: .
? (] Na*  OH-

Electric energy
cost

Material cost

/ (Ref: C-H Yeh, Y-I Lin and S-Y Pan*, 2023, On-going Researcm

(3) Three-Channel Cell Designs for r-Chemicals

* Case Study: Chemicals Recovery and Water Reclamation in a Recycled PET-Bottle Process
t
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/ (Ref: Rani, Pan*, et al., 2023, On—goinm

2.3 Electro-Neutralization with Power Generation

* For Saline Water Reclamation + Power Generation — l|
* Coupling the hydrogen evolution reaction (HER) and !
hydrogen oxidation reaction (HOR) to produce H, .y I
. drogen
spontaneously, and generate electricity EZS sfpply NaOH (pH=14)
simultaneously M , oo
Saline i ABM ‘

* A variety of organic redox reactions can be readily R Water (IN)
coupled in the acid—base asymmetric system |
1
I

Fresh Water
(OUT)
Hydrogen
Gas Storage

Alkaline Saline Acidic |
Compartment Compartment Compartment

Figure. Schematic Representation of the Electrochemical Neutralization Cell for Spontaneous Water Desalination. AEM and
\ CEM stand for anion exchange membrane and cation exchange membrane, respectively. /

(Ref: Y-1 Lin and S-Y Pan*, 2023, On-going Researcm

=
2.4 Shock-Wave Electrodialysis
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Sustainability requires “green” objectives at science,
technology, engineering, and management.
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