GPS Renewables

Reinventing Biogas for Urban Spaces



What we started off to do..
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Why in Cities ?

Cities occupy ~3% of the world

landmass but consumes 66% of

world’s energy and accounts for
70% of global CO, emissions



India is Overwhelmed A,
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Bengaluru’s waste creates mounds of W e — ‘ LIVE TV
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Mavallipura, which is some 30 km from Bengaluru, was once known for
its greenery. People residing there were largely dependent on agriculture.
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Decentralized waste management is the need of the hour



The Future of Waste Management

= Decentralized WM models currently account for <1% market share. A significant chunk of the future waste is
expected to be processed by decentralized models, especially in emerging economies

= Global waste expected to grow faster than human population growth | This growth to come from emerging
economies, which have lower processing %age

Projected waste generation by region
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Company Overview

WAMTECH (WAste Management TECHnology) firm based out of Bangalore | Established in 2012 by IIM, IIT & NIT graduates
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What we created — The BioUrja™ \gw

50-100% Higher Energy Efficiency
> 140m?3 gas/ ton of waste, that’s 70KGs LPG eq or 200 units electricity

Modular and Customizable Design

> Prefabricated aesthetic components that utilize dead spaces

Remote Monitoring Suite and Client Dashboards

> Ensures 99% uptime, minimal human intervention in operations
30-50% Lesser Space Requirement
> 1 ton waste per day processing plant occupies only 49m?

Lowest Water Usage

> 100 liters versus 1000 liters/ton of waste in other biogas plants

For any queries contact - Jidesh@gpsrenewables.com 7
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JW Marriott Delhi - The Problem(s)... e

Space & Smell
Safety Reliability
il ”uuu-“uﬁulﬂ
1 m M
-‘d,; "’"C;: ﬁ'ﬁ ¥
JW Marriott, Aerocity, New Delhi
Aesthetics Economics

JW Marriott, New Delhi did not have a single piece of land open to the sky for

setting up a biogas plant. — which prevented such an institution from setting
up a traditional captive biogas plant

Gas storage & Usage
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A state-of-the-art biogas plant with a disruptive layout. In case of JWM Delhi, based on the usable spaces, the
plant has been uniquely spread across 3 floors. The plant can process 1 ton of food waste per day and replace
up to 90 SCMD of PNG with clean fuel via dual fueI burners The plant pays back for itself in 3-4 years
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JW Marriott Basement 3: Digester & Hydrolyser JW Marriott ground floor : Storage vessel

28 SgM 13 SqM
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Impact at JWM

JW MARRIOTT

NEW DELHI INDIA Plant cost S55K to set up, will

achieve 3 YR payback

' Average capacity utilization has
625 T 45037 & NN

Waste Processed CO2 Mitigated

15t JWM property in the world to

$40K 43736 KGS have captive biogas

Money Saved Gas Generated

,.lﬁ",tl.r'l
1alli’
} 1Lk
| —— Ll

*CO, Mitigation has been calculated using
IPCC AR5 20YR GWP of Methane
A All data is pre covid lockdown
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Some more examples
where we have led with
Modularity



Space Optimization at a Tech Park \v)

Operational from 2015

2 tpd biourja setup @ Infosys, Bangalore ( 1/7 Infosys
Sites )

clockwise from top right:
1) view from outside of shed housing the plant
2) plant 3D layout
3) view from inside of shed

© 2020 GPS Renewables. All rights reserved For any queries contact - Jidesh@gpsrenewables.com 14
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Distributed layout across 2 floors of ITC Maratha gka )

Operational from 2017

© 2020 GPS Renewables. All rights reserved For any queries contact - Jidesh@gpsrenewables.com 15



mailto:Jidesh@gpsrenewables.com

\

Case Study 2 (grs)

50-100% Higher Energy Efficiency
> 140m?3 gas/ ton of waste, that’s 70KGs LPG eq or 200 units electricity

Modular and Customizable Design
> Prefabricated aesthetic components that utilize dead spaces

Remote Monitoring Suite and Client Dashboards

> Ensures 99% uptime, minimal human intervention in operations

30-50% Lesser Space Requirement

> 1 ton waste per day processing plant occupies only 49m?

Lowest Water Usage

> 100 liters versus 1000 liters/ton of waste in other biogas plants

© 2020 GPS Renewables. All rights reserved For any queries contact - Jidesh@gpsrenewables.com 14
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GPS’ 10T & Al driven Solution for Plant
Heaith Monitoring

© 2020 GPS Renewables. All rights reserved 17



The Reliability Problem

THE NEED FOR BIOMAINTENANCE:

Biogas plants are prone to frequent breakdowns especially in fluctuating conditions.

Productivity: 120 m3/ton
Plant uptime: 90-95%
10 yr project IRR: 24%

eration/t

s gen

Productivity: 90-100 m3/ton

Plant uptime: 65% S 9 |

Ga

(j

\/

10 yr project IRR: 12%

v

CHALLENGES:

Time

» pHis alaggingindicator. Easy to measure, but not of much use
» Gas Chromatography (GC) is an apt health tracking device, but not viable at captive scales ( <5TPD)

» Reactive action decision making very people dependant. Prone to human errors

© 2020 GPS Renewables. All rights reserved
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Can ruin project viability if not addressed

Plant uptime v/s Project financial performance

Plant uptime

~a=Rovenues =S=Exponses NPV

For any queries contact - Jidesh@gpsrenewables.com
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» GPS’ patented auto-titrator (Bio-health Checker) sits at every BioUrja plant, which can be
operated by any unskilled person.

» At the push of a button, the Bio-health Checker performs titration, and automatically emails the
titration results to GPS HQ. This data then is fed into a statistical model, which tries to mimic a
GC.

» The model has been built upon years of data from multiple GPS plants and every additional plant
added makes the system more robust ( network effect )

16000

14000

£ 12000 2 ks
- 10000 ¥ 4 ///
H *
= Patented biohealth checker $o . {2 SRR
E iy 7o = =
T ’5'___-——- *Eqn (1)
Titration data : Ry !‘ 3 - mros
3 4000 .‘. *

Proprietary biohealth
parameter calculator 10000 15000 20000
Measured tVFA,, (mg/l)

% Regression F Sample total VFA estimate v/s actual data

R2:0.76, p < 0.05
Results similar to GC For healthy plants, R? > 0.9 and p < 0.05

© 2020 GPS Renewables. All rights reserved For any queries contact - Jidesh@gpsrenewables.com 19
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» Once one has the GC (or GC replica) results, a supervisor (ideally a biogas expert) needs to
decide on the next actions.

> Every biogas plant is unique — which makes monitoring & action decision making extremely
challenging. If left to a team of people, the actions can be non-uniform and prone to human
errors.

» GPS has addressed this problem by creating a FSM (Finite State Machine) model of different
plant states: Seed (Sd), Ramp-up (Ru), Stable (St), Not so stable (St), Unstable (St) &Recovering
(Rc). The plant state movement (and corresponding action) is decided by the BiogasBot

Solution Overview:

= Proprietary FSM model for plant biohealth e ‘

status (as shown on the right) Ru st
= Chatbot based next state & corresponding

action predictor | Works on local data (plant’s
own data trends, since every plant is unique) & e \St_/ e

global data (standard parameters)

For any queries contact - Jidesh@gpsrenewables.com
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Overview of the RMS System k)
loT approach for tracking the health of the plant 24x7 -> Using proprietary statistical models to mimic Gas
Chromatography -> And finally letting GPS’ in-house developed BiogasBot, to arrive at the apt pre-emptive action and
communicate it via chat to reduce human errors

DATA HOSTED ON
e BIO-HEALTH CHECKER CLOUD SERVER
Ibiogasboy
Reactor is "Vignan"
= - pH is :7.40
& SN BALLHEMTH Ral Acidity is :1160.04
e | T Alkalinity is :4650.00
. Ratio is :0.25
A Last waste added is :390
GPS COMMAND CENTER ¢ v
(3] e P Gap in feeding :1 days.
sl / Waste Loading changes by 5%.
P e e S ) =1 The waste to be added is :410
= |, | il B0 kg
| PLANT SPECIFIC INFO " - -
. ﬂ | oasioany ® @ @ *Relative Correction Advisory*
: : WA
\ /
4 SPECIAL INSTRUCTIONS
REAL-TIME N\, FROM OPERATIONS TEAM
PERFORMANCE w
MONITORING/ l *
BiouRIA Mowir p 4 o @ e Reactor is :"INTEL BLR"
| | = B OPERATOR MANAGER pH is 17.78
@ @ Acidity is :1179.96
— Alkalinity is :6363.00
TR Ratio is :0.19
R -EMPTIVE A N je
. : i Last waste added is :200
I I ’m i _ SPECIALINSTRUCTIONS — Gap in feeding :1 days.
L = Siasts Bt P EETEEEERN
CLIENT Waste Loading changes by 0%.
The waste to be added is :200

kg

B
tive Correction Advisordiis @

BiogasBot - GPS’ Expert System, which mimics a biogas expert for decision making

© 2020 GPS Renewables. All rights reserved For any queries contact - Jidesh@gpsrenewables.com 21
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GPS' proprietary backend data platform

U

Screenshots of GPS’ backend data platform, which stores data from all plants, including the Biohealth Checker (titration raw) data as well as
data points from other sensors such as pH, temperature, gas flow rate, etc.
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Data Listing

Health and waste addition data
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grs

GPS proprietary hackend data platform
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RMS is key to scaling captive biogas plants and
makes even small 100 KPD plants viable and
scalable across geographies and creates a
Network Effect

For any queries contact - Jidesh@gpsrenewa bles.com 54
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Investment in cloud based RMS systems have
led to minimal disruption of our plants even in
the midst of a 2 month lockdown in India on
account of COVID19
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Where we are today

0:0+0-0

Biogas Installations Uptime in operations Tons per day of
in India, Sri Lanka since 2014 waste processed
and Bangladesh

© 2020 GPS Renewables. All rights reserved For any queries contact - Jidesh@gpsrenewables.com 26
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Impact Potential

Methane Emission > 75% of organic waste is openly dumped in South Asia, leading to high
methane emissions

Waste Generation > India already generates 40 Mn Tons of Organic Waste per year and civic
infrastructure is unable to cope

Energy Substitution > Can replace fossil fuel based LPG and coal based electricity at meaningful
scale to be a viable urban fuel source

Key Trends

Regulation > Solid Waste Management Rules 2016 in India mandate in-situ processing of
waste by bulk waste generators. This is a trend across South & South East Asia

> From Microsoft to Google, many global firms are driving the carbon neutral

Carbon Pledges pledge and we see captive biogas as a key component to deliver that

COVID > From wanting to create minimal contact self reliant facilities to enabling a
green recovery, we believe that COVID could give a fillip to captive biogas

© 2020 GPS Renewables. All rights reserved For any queries contact - Jidesh@gpsrenewables.com 57
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