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Technology Transfer

* Technology transfer (TT) refers to the process of
conveying results stemming from scientific and
technological research to the market place and to
wider society, along with associated skills and
procedures, and is as such an intrinsic part of the
technological innovation process.

 Technology transfer covers the complex value
chain linking research to its eventual societal
deployment.
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Sharing Biogas Research Experience at Kathmandu
University




Overall Energy Scenario

Energy Consumption By Fuel Type
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Energy Consumption by Difterent Sectors
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Source: Economic Survey, Shekhar Sharma 2018, Kantipur daily, internet image




Waste Water Management Problem in Nepal

Wastewater generation: >800 MLD

(Dangolet.al.,2017)




Solid Waste Problem in Nepal

Average  Municipal Solid
Waste Generation 0.32 kg per
capita

Total Solid Waste Generation
in Urban Areas 631,000 tons

per year
About 60% Organic Fraction

No Proper Management




Manure Management Problem in Nepal

Livestock (cow, buffalo) number is 12.5
million, Manure Generation 164 thousand
tons per day

Number of Chickens is about 68 million,
Poultry Droppings Generation 8,200 tons
per day

Numbers of Goats is 11 million and
droppings 6,600 tons per day

Source: Internet Image



Biogas Feedstock and End Uses




Experience on High Rate Anaerobic Digestion of
Wastewater




High Rate AD of Domestic Wastewater

Septic Tank —UASB Combined System
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(Chong et al., 2012) Schematics of ST-UASB Pilot Plant



High Rate AD
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* Septic tank working volume 13.5m* . yasB reactors 250 L (height 1 m and
e 18 hHRT diameter 0.56 m)

* Generate feed solution for UASB * 550L (height 1.7 m and diameter 0.64 m)



High Rate AD - UASB operational parameters

Reactor | HRT Vup, Q, m3/d CODinf, mg/LL | OLR, Operation time
m/h kgCOD/(m3.d) | (Month)
250L 10d ~1.25 10.02 610 (212) 0.06 ~1.5
4d ~1.25 ]0.05 513 (226) 0.128 ~3
1d ~1.25 0.2 524 (290) 0.524 ~2
18 h ~1.25 0.267 750 (499) 1 ~1.5
12 h ~1.25 104 863 (117) 1.72 ~1
8 h ~1.25 0.6 742 (204) 2.23 ~1.5
6 h ~1.25 0.8 803 (159) 3.21 ~2
5h ~1.25 10.96 618 (107) 2.96 ~1
4 h ~125 |1.2 686 (59) 4.11 ~1
550 L 4d ~1.25 10.12 456 (210) 0.113 ~3
1d ~1.25 10.47 496 (169) 0.496 ~2




High Rate AD— Results Overview

Load Limit of UASB Reactor:

Removal Efficiencies @ UASB
Removal Efficiencies @ UASB -Septic Tank
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High Rate AD —Methane Recovery

COD mass balance Hydrolysis and Methanogenesis, %
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Relatively stable performance was established > 6 h HRT and was a lower limit
for this pilot test study.

Lohani et al., 2015



Anaerobic Digestion Modelling (ADM 1) on UASB
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ADM 1

 The International Water Association (IWA) task force
has developed the Anaerobic Digestion Model Number 1
(ADM1) to serve as a general platform for anaerobic
digestion modelling

* ADMI is implemented at AQUASIM 2.1 to model and
simulate UASB and ST-UASB reactor at mesophilic and
low temperature condition.

(Batstone et al., 2002)



Disintegration

Biochemical Processes in ADM1
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Figure 3: COD mass flow for a particulate composite in ADMI1. Propionic acid (HPr),
Butyric acid (HBu) and Valeric acid (HVa) are grouped for simplicity (Adapted from
Batstone et al, 2002)

(Batstone et al., 2002)

ADM1 involves  biochemical
processes for substrate
disintegration, hydrolysis,
acidogenesis, acetogenesis and
methanogenesis?’.

Disintegration and hydrolysis
processes are extracellular
solubilization steps and are

described by first order Kinetics.

The acidogenesis, acetogenesis
and methanogenesis processes are
intracellular biochemical
reactions and are described by
substrate-based uptake Monod-
type Kinetics.
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ADMI1 with Standard Kinetics
Model Calibration (12h HRT)
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Biogas production (m3 d -1)
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Modelling Temperature Effects

UASB Reactor
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Visual Observation




ST-USB and Filtration Combined System

Gas Flow Meter

UASB Sand Filter
T Septic Tank Reactor l > T

Sample Port 1 Sample Port 2 Sample Port 3 Sample Port 4

Paramet | Septic UASB Septic tank - | Sand filter | UASB-Sand | Septic tank-UASB-
tank Removal UASB Removal | filter Sand Rev.Removal
Removal | Efficiency | Removal Efficiency, | Removal Efficiency, %

Efficiency |, % Efficiency, % |% Efficiency, %

45(13) \ 79 (14) 69 (11)  83(8) 93 (10)
38 (18) 56 (8) 71(13) 82 (10) 87 (8)

78 85 55 84 93




Anaerobic Digestion/Co-digestion of Food Waste




Research Experience on Co-digestion of Food Waste - Ongoing




Gas production in ml

Cumulative gas production in ml

Mono and Co-digestion of Food Waste

Cumulative gas production with food waste
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Cumulative gas production in ml

Cumulative gas production in ml

Co-digestion of Food Waste

Co-digestion of Food waste, Poultry litter
and goat droppings (2:1:1)
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Co-digestion of Food Waste

Cow manure
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Digestion/Co-digestion of FW-Conclusion




Field Experience/Research on Household Biogas




Biogas - in Community

Nearly 350 household
surveyed and two biogas plant
monitored for biogas
generation/consumption.

~55% of plants had non-functional feedstock
mixing component, which improves biogas
production.

About 30% of plants had faulty valves, of
which 3% had leakages.

Most of the biogas owners (>80%) were not
satisfied with the performance of biogas
plants, especially in winter due to reduced
yield.

It causes increases use of firewood for
cooking, resulting in increased health risks,
and deforestation

On average C:N ratio is very low 10.

Biogas yield is in the range of 150 L/kgVs to
190 L/kg VS.



Urban Bio-digesters in Nepal

Sahari Gharelu Biogas Plant (ARTI
Model)

Introduced in Nepal by AEPC, Nepal in
2012/13 for piloting in Kathmandu valley

Plant size 1 cubic meter ,plastic made
similar to water storage

Didn’t function in Kathmandu

Bio-energy laboratory is working
to develop appropriate model of
urban bio-digester in Nepalese
context.



Ongoing Activities




Bioenergy Research Group
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Bioenergy Research Group@ Dept. of Mechanical Engineering
since 2012

High Rate -
Anaerobic Holistic
Circular Digestion Approach of
Economy of (Domestic Solid Waste
Bio resources Wastewater/food Management
A waste )

Anaerobic Co-
Design of . digestion of Food
Portable Bio- Blogas Waste (with

digester for sewage sludge,
solid waste Energy COW manure,

(with thermal Laboratory poultry litter,
stability) goat droppings,
press mud)

ADM1 Digestate as a
modeling of fertilizer and
AD and co- Thermal inoculum for
digestion Modeling and composting
process Flow Modeling

of bio-digester
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