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Problem field: Need for spatial planning in energy transition.
Knowledge Gap

technological dimension

economical dimension

St

ecological dimension

@n@rgy t[ﬁ@ﬂgﬁtﬁ@n : social dimension

N, political dimension

Energy transition has
a spatial dimension.

Typology: “Energy-space”

The human development of energy resources
occurs at the intersection of energy and
space, leaving distinct, permanent marks and
spatial patterns on the land. The resulting
landscapes of energy production, networks of
distribution and territories of consumption
together constitute
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Case study: Tamil Nadu, India.
Energy trends
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Research Framework.

Problem Statement.

In Tamil Nadu, the transition to renewable energy continues to operate under extractivist,
capitalist energy systems of the fossil fuel era, monopaolized by private energy
companies and supported by a rigid top-down governance system. This has led to large
scale transformation of land for energy development without spatial considerations, and
cess and distribution of benefits of the transition.
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acute regional inequalities in energy ac




Research Framework.

Research Question

How can regional design of emerging energy geographies create
a framework for a just’ energy transition in Tamil Nadu?



Research Framework.

Theoretical foundation

THREE BRANCHES OF RESEARCH FROM THE GEOGRAPHIC APPROACH

Spatial
dimension
N\

Geographic
approach

Literature references:

Saocial dimension:
lenkins et 7T 2

Social Governance
dimension dimension

tisl Strategies for a 'just' energy transition
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Energy geographies of Tamil Nadu

energy x space

Landscapes of production
Netwarks of distribution
Areas of consumption




Energy flows in spapé,.»' . @bj@@{ts,

energy x space spaces
Landscapes of p.rodu'ction “@ n dg@@ p es ’
Networks of distribution netwaorks,
Areas of consumption te Tﬁit@ ries
geographies

energy.
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Energy geographies of Tami

energy x space

Landscapes.of.praduction
Networks of distribution
. Areas of consumption

]

sﬁ@@. A Energy production landscapes
—
—— Energy transmission network

. Energy consumption areas
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Solar energy landscapes.

energy x space

INSTALLED CAPACITY

1800 MW

* as of December 2817

PROPOSED
1000 MW

SHARE IN TOTAL R.E
INSTALLED CAPACITY

-
L MGG

sdee {

MNpEL +

H
3
w
&
5
&

251-528MK

101-258MK

51-100MW

10-58MA

Existing installed cpacity of

large scale solar farms

. Industrial areas- Large scale Solar Rooftop

High solar intensity area

@ Exasting large Solar farms

Proposed solar farms

Urban and infrastructure network

|77,
/_//g Nestern Ghats mountain range

186

O
[
O
]
|
O
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Wind energy landscapes.

energy x space

POTENTIAL

33800 MW

INSTALLED CAPACITY

8594 MW

PROPOSED
12400 MW
¥ as of December 2017

SHARE IN TOTAL R.E
INSTALLED CAPACITY

Wind
63 .2%

Urban areas- Small windturbines

Agricultural area- Small windturbines

Agricultural area-Large wind farms
ﬁ Offshore wind farms

@ Large wind farm installations

—— Main infrastructure network

. Western Ghats mountain range
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. energy x space

POTENTIAL

1589 MW

INSTALLED CAPACITY

890 MW

PROPOSED

~ as of December 2017
= SHARE IN TOTAL R.E

| 37 INSTALLED CAPACITY
_L;'J’:."—' Biorass
eI 6.5% —

s

Mof

. Fertile agricultural land- Crop residue
Moderate agricultural land- Crop residue

. Western Ghats mountains- forest byproducts

E Concentration of blo-based power plants

+ Biomass Power plants

+ Baggase Cogeneration Power plants

— Main infrastructure network

Owooog
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Carbon energy landscapes.

energy x space

POTENTIAL

98 MT of CO /yr

INSTALLED CAPACITY

70000 T of CO/yr

PROPOSED

* as of December 2017
MT- million tons

BAS FIELDS

6000-15000kT
3008-6000KT
1508-3800kT
500-1580kT

100-508kT

Carbon emissicns from Thermal power
plants and industries

A Carbon source: Thermal Power plant
. Carbon source: Industries

@ Carbon emssions level

O Carbon sink: Gas fields

. Carbon sink: Geological basin

Carbon sink: Mature reserves

e

= Main infrastructure network

19 Geographiss of Power- Spetisl Strategies for a

just’ energy transition
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Evaluating suitability of landuse for energy development, .

energy x space 7

/
\ /
‘\‘ /
{
¥/
% \ P4 \
» L ;.
ekt it g Stvicioies MY 9 Siviruibeg . 1 i\ s
o]
Agricultursl landscapes Wind =n=rqy~lanlh;??u o
X 258

T R

Agricultural landscapes

M.

&
%

© Rural riverine landscapes Hydro energy landscapes @) “.\
Seascapes Offshare Wind energy seascapes €

P .. i LA_L-LM

° Transport infrastructure Transport + Energy infrastructure o

O vurban areas Solar cittes @)

- Wastelands

Noderate agricultural land
. Urban and built-up area

“tf; Very good agricultural land

. Ecologically sensitive zone

—— Main infrastructure network
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Energy access and vulnerability. ¥

energy x society




Energy vulnerability.

energy x society

10680-5600
1668- 5060
506-1086

2508-508

108-250

Total duration of power interup
tions between 2817-2818 (hrs/yr)

. Areas of the highest MPI and lowest HDI

. Villages without complete energy access

@ Towns with highest duration of powercuts
. Western Ghats mountain range

MPI: Multidimesnional Poverty Index

HDI: Human Development Index




7%
Monopaly in energy ownership.
energy x society

e NN

Ownership:

A . Centre awned {26%)

@A @ State owned (29%)
+ @ ) rrivate owned (45%)

23 Geographies of Power- Spetisl Strategies for a 'just’ energy transition
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Potential to coproduce energy.
energy x society

COMMUNITY
OWNERSHIP
+15%

Ownership:

A . Centre awn:

(26%)

State

owned (29%)
+ @ ) rrivate owned

45%)
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Identifying the stakeholders of energy transition.

energy x governance

1. Base: Defining the project scope in transition governance

Project Scope

: s 0 — |

. '

! Land Energy : Energy Energy

| Management Production ! Transmission and Consumption
s i Distribution

2. ldentifying the primary stakeholders relevant to the project

v
The Rule of Law- General The Rule of Law- Tamil Nadu
Stakeholder groups Primary Stakeholder groups in the project

Electricity Board
Public Sector (TNEB)

Civil Society Private Sector Individuals and Energy
Communities companies

26 Geographies of Power- Spatisl Strategies for a 'just' energy transit



Gap between energy governance and spatial governance.

energy x governance

27 Geographies of Power- Spatial Strategies for a 'just' energy transition

Energy Governance

Hanagement and governnance of
energy projects by the TNEB

b
11*1
]

,,@,,

Spatial Governance

Management and governnance of
landuse in a region by DTCP



Gap between energy governance and spatial governance.

energy x governance

Energy Governance Spatial Governance
Hanagement and governnance of Management and governnance of
energy projects by the TNEE landuse in a region by DTCP

1
jr*r
]

N
Integrated Spatial Energy Governance

Collaborative governance of
landuse and energy development

4

P
[ ?TTT
1
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Conclusion: Multi-criteria Analysis.

energy x space
energy x society
energy x governance

Step 1

Creatng a Spatial Grid

5x5km grid 1s overlald to have a
common spatial unit for analysis

25km? | 5km

S5km

30 Geographies of Power-

Step 2

Evaluating the Grid

Each square 1is graded from 1-5,
5 being thhe highest, based on
certain input parameters (energy
potentials, spatial potentials,
ete)

1, £

BEo
\"-n

Grade 3

Step 3

Input Parameters

Input parameters for each square
are overlaid to obtain various

outputs to determine areas of
potentiality and vulnerability

Salar anergy

s 4 3

Wind energy

Spatial Potential

Sacial Vulrerability

step 4

Outputs- Strategic areas for Regional Design

Different outputs showing strategic areas for intervention can be
generated based on the choice of the input parameters. One example
pathway is shown, where areas of high energy potential are crossed
with areas of high social vulnerability to identify regions that are
initiatives

viahle for 'coproduction’

Output 1: Areas of highest
solar energy patential

Grade 4.5)

Output 4: Areas of highest
carbon capture potential
(Brade 4.5)

Output 7: Areas of highest
commulative enrgy
potential (Derived from
Outputs 1,2,3,4)

Output 5: Armas of highest
spatial development
patentiel i.e. regions with
wasteland concentrations

2as of highest

ential andt spatial
potential (Derived from
Outputs 5.6

Output 2: Areas of highsst
b
(Grade 4,5)

\ass energy potential

Output 8 Areas of highest
sacial vulnerability and
energy potential

RS,

Output 9: Left empty to

shaw how

of energy deveiopmant
patways ¢ generated
using this model,

witiple teratons

Step §
Inputs for design

The ouput iteraticns provide
valuble insights on where
and how regional design
strategies can be implement-
ed




Conclusion: Multi-criteria Analysis.

energy x space
energy x society
energy x governance

31 e
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Step 3
Input Parameters

Input parameters for each square
are overlaid to obtain various
outputs to determine areas of
potentiality and vulnerability

Salar energy

i

321

2% o - EEn

Blomass erergy

- [N
5§32

1

Low carbon energy

Sacial Vulrerability

Step 4
Outputs- Strategic areas for Regional Design

Different ocutputs showing strategic areas for intervention can be
generated based on the choice of the input parameters. One example
pathway is shown, where areas of high energy potential are crossed
with areas of high social vulnerability to identify regions that are
visble for 'coproduction’ initiatives.

Output 6: Arras of highest
sacial vuinerability and
engrgy potential

~



Conclusions: Factors for design.

energy x space
energy x society
energy x governance

Energy X Space

1. Need for adaptive energy 2. Need for consideration of local
production landscapes. conditions and spatial embeddedness
of energy infrastructure

Energy X Society

1. Need for equitable access to 2. Need for empowerment of energy
renewable energy. vulnerable communities.

-1 T

Energy X Governance

1. Need for collaborative battom up 2. Need for integrated spatial energy
governance structure governance
Government
ﬁ (_ : _@_ . _>
Community Enterprises



Conclusions: Factors for design.

energy x space
energy x society
energy x governance

Energy X Space

1. Need for adaptive energy 2. Need for consideration of local
production landscapes. conditions and spatial embeddedness
of energy infrastructure

adaptive

energy landscapes

33 Geographie

1 Strateqies f 3 jst’ energy transitior

-
1

Energy X Society

1. Need for equitable access to 2. Need for empowerment of energy
renewable energy. vulnerable communities.

- TR

iInclusive

energy transition

Energy X Governance

1. Need for collaborative battom up 2. Need for integrated spatial energy
governance structure governance
Government
42/:\&; ;I;;Chﬁmﬁ
Community Enterprises

collaborative

energy governance
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Vision 2050 - Tamil Nadu.

Goals and Values

Adaptive

Energy x Space

Inclusive

Energy x Society

Collaborative

Energy x Governance

On flexibility and reversibility of
energy landscapes

nﬁum

On energy justice and equity

O —0

O

On decentralisation of power

Principles of the Vision

On scaling and decentralisation
of energy systems

On coproduction and the
commons

On collaborative governance

Government

On spatial embeddedness of
energy infrastructure

On social acceptance of energy
transition

e Be il
(e} U

\) |
I w

u

On soft counter planning

Community Enterprises



Vision 2050 - Tamil Nadu.

! Existing situation




V|S|0n 2050 - Tamil Nadu.

Energy landscape of the future

.in 2050, the project envisions a haolistic energy
transition in Tamil Nadu, where constructed energy
landscapes are flexible, adaptive and coproduced in
an inclusive and collaborative manner.

=
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Defining the energy future.

Scenario Construction

Transition timeline.

2020
L ®
2018

2030

Energy demand Projections.

°
2018*

36%

Renewable energy
share in total energy
demand in 2018

* Values based on current energy demand and energy mix 1n the
production (India Energy Data, 2018)

** Values based on the IESS 2017 (India Energy Security Scenarios
2047) online dashboard (IESS 2047, 2018)

The methodology used to make the energy projections is explained
in Chapter 5.

or @ 'just' epergy tran

11650MW

Renewable energy
share in total energy
demand in 2018

Target year for
realisatian of
project strategies

2040 2050
° . >
@
2050**

60%  52000MW

Renewable energy Renewable energy
share in total energy share in total energy
demand in 2050 demand in 2050
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Research Question.

40

How can regional design of emerging energy geographies create
a framework for a just’ energy transition in Tamil Nadu?



Components of the Regional Design.

HL. Geografiiiesof Power=Spatiil Sivategis

Spatial Strategies for Energy
Transition in Tamil Nadu 2050

Testing the Design on the Microregion and
Strategic Zoomins on the Local Scale

Macroregion Microregion Strategic
Zoom-ins

Strategic Plan for the Macroregion



Spatial strategies for energy transition in Tamil Nadu.

Spatial Strategies for Energy
Transition in Tamil Nadu 2050

42 Geographies of Power- Spatial Strategies f a 'just' energy trar



Spatial strategies for energy transition in Tamil Nadu.

Densify around existing Create multifunctional energy Coproduce energy with the Add ecological value through Repower and Reconfigure the Increase flexibility through
energy production sites. landscapes through cross community in urban and rural landscape integration in post-carbon energy landscapes. seasonal activation of energy
programming areas. energy development landscapes.
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Spatial strategies for energy transition in Tamil Nadu.

a Densify around existing Create multifunctional energy Coproduce energy with the
energy production sites. landscapes through cross community in urban and rural
programming areas.

elaborated in the presentation

elaborated in

the report
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Spatial implications of the densified energy landscape.

N )

\

»>7
1. Build in the gaps between existing 2. Diversify energy development to 3. Upgrade outdated windturbines ,* » = 4. Strengthen transmission
-
windturbines that are under developed. include a mix of energy typologies to installed in the beginning of the R.E T & Py " capacity of the power grid
optimise the landuse. wave in Tamil Nadu X Ly to support densification
' ________________________ | i e e e T y |
| | | 1 I
| | | 1 I
| | | | |
| | | | I
| | | 1 [},
| | | v I
| | | | |
| . | | | I
sl | | | |
| £ 1 | | | |
[ o | | 1 - I
] i | | | 2 |
1A - | | | - I
] “F S | | 1 = I
| AR | ' ' |
| Vi | W W | |
- == = aas 2 | Jre-8 3 ,-i| ! | — \
| Existing Proposed | | ] | ]
| windiurbines windturbines e | 27| < “ | - _ Regional Energy |
| | | | o9 * Pil s " ' | 15 A Pouoling Station 1
; I s | ) | g [ 1
m ' 1S 4 $ 0 " """"" | e = = ): """""""""""" |
b 1T} | B3+ | B | 3 ‘ 1
‘ PORT - b 2 vy / - Solar + Wind
T ¢ 3:;r:d-'::;i-aloﬂ=ss E n | e ! by 22 - & _ - "( E J = Hybrid farms
300 P To%P Vanttes, 3 . 2 ' a!

- o0

55 "%

Energy extraction

¢
A

i
P coexisting with farming
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Strategy 2: Create multifunctional energy landscapes through crass programming. B coan S URAEL N | )

Land for energy ' Land for,energy
development ., R.E trains ., development
> < > >
[
\ i
FOT X |
\: | |
. i
o K B
A. Energy x Mobility G
| A e o 1 \
N !
4 |

v
. Waste to Ener
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C. Energy x Public infrastructure. 2%
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=
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Lo ' + { Br PV along mobility infrastrugture
= t T 4 { |
\ { | ! I — Solpr powerled mobility network
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! I { Y
I o ! | 4 1
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Spatial implications of the crossprogrammed energy landscape.

1. Cross program Energy with 2. Cross program Energy with Urban 3.Cross program Energy with Public
Mobility where R.E can power urban Waste Management, where household Spaces, where large rooftops of public
maobility in return for space along waste can be converted to electricity- buildings and public utilities like street
transport infrastructure to install R.E. within urban areas. lights, bus stops, etc produce R.E
———————————————————— | e e e e P — e —— —
/]

/

I/

/

— r’"

'
R.E. powered
electric trains

I

Solar Energy x
Public Buildings

‘ Door to door
Rooftops

e collection

Wind energy in the
Railway buffer zones

Waste cellection

Solar Energy x

Bus/Train Stations

Solar energy x @

Industrial roofteas | R.E powered plectric
g - o tar charging stations
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Strategy 3: Coproduce energy with the community in urban and rural areas.

v

7 i
PR ERas

A. Densification of energy sites.

70‘

Lt A AL AL LA by | Y

& |

R as m e e e \

B. Diversif\; energy development. £\

v

““7 s ig& Jl 2

QIZIT TQ LA i -

ommunity owned

C. Upgrade outdated energy mfrasbﬁuaiw‘euas

\
>y ,_e ! ! ! . LY

ARAR

v
—O0

D Strengthen transmission capacity.  centres

Rural Capacitation

- Urblan nelghbourhood energy networks
B Fublic infrastructure near informal
setitlements
Aréas of hlghest energy vulnerabiflity
Comrunity éwned windturbines in rpiral
ardas
Agritcultural area supported by

A Bignass powerplants to process
agricultural residue

igroregional boundaries

Mnunity owned Selar PY

sting- transport infrastructure|

nfuliul Kalu




Spatial implications of the coproduced energy landscape.

1. Catalyse micro-energy generation
through solar PV on domestic rooftops
to create neighbourhood energy
networks.

2. Connect informal settlements with
energy vulnerability to the nearest public
or commercial building with large
rooftops that can be used to coproduce
energy along with the vulnerable
communities .

3. Subsidise rural micro energy generation
by local communities to support agricultural
activities.

4. Build Capacitatiion Centres in
every Taluk (administrative division)
for sharing knowledge and support
rural coproduction initiatives
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PROPOSED ENERGY
PRODUCTION LANSCAPE -

Solar Py on urban. roafiops

Salar'PV on wastelands

Solar A zlong infrastructure (road,rail)
Mndrarns on passive farmlands *
Offshore windfarng «

Niodturnines along dofrastoucture »

Biomags cultivation feon wastelands
Biomass from agricultural residos
Bignass power plapts

CoS Plpelines

Undérses CCS, Storage Points

TOTAL aaabv PROQUCTION

189750 Guh -

11088 _Gah
21500 Gan
LeoR Gat
00RO Gat
16800 Gah
23680 Geh
4608 G

2200 Gty

300008 Gwh

EXISTING ENERGY
PRODUCTION LANSCAPE

A
@

e | »

Tharmal Power Plank
Nuclear Power Plant

Gas sxtractign fieclds
Hydro poser projcts
Salar farms

Wind farms »
Blanass-power plants
Power [ Transmission Tines
Tapor tant Substatlons

Megtern_ghate monetaing

just” energy-tranait

110258 Guh
2000 Onts
28060 Gah
60ag S
asae can
2500 Can
12300 Gak:
1500 e
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Strategic Plan for the Mat:
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EXISTING ENERGY
PRODUCTION LANSCAPE 110250 Guh

Tharmal Poser Plank 82060 Gt
Nuclear Power Flant 20060 Gah

© PROPOSED ENERGY
PRODUCTION LANSCAPE - 189750 Gh

Salar Py lon urban. roafiops ! 11880 Gat
‘Salar PV on wastelends 21580 Gan

== <Solar M along infrastructure (road,rail] 6EOR Gat Gaz sxtractign ficlds 6bag G
L

findfarns oo passive farmlands + 70080 G Hydro pomer projects 4548 Gah
o Offshora windfarng « 16800 Gah | Salar farms 2540 Gan
@ Ninduunines along dofrastouctuce. » 23680 Geh Wind fams . | /. 12208 Gah
. Biomags cultivatlon ffon wastelsnds 4868 Gah A Bilovasspower plants 1838 G
Blondss Tron agritultural résidos 2260 Gt ——  PoMér Transmission Iines
AV Blonass power plapts 0 Inpor tant Sobstatlons
=S oS Pigatines = Mestarn graTe mnctaine

. Underzes CCS Storage Points
g TOTAL ENERGY PRODUCTION 300069 Guh &

a just




# 0




Impacts of the regional design on the local scale.

Detail 1: Concentration of wind energy development in the north Detail 2: Offshore wind energy farms in the Gulf of Mannar. The Detail 3: Post carbon energy landscape around Chennai, the capital
western border regions of the state. Transmission lines to carry the marine energy landscape has the potential to add 2300MW of R.E to city of the state. Part of the Ennare Thermal Power Plant is converted
energy produced to other regions of the state are also seen in the the grid in Tamil Nadu. to biomass based TPP. Heavy industries near the energy sites that
detail. benefit from the development are also seen in the detail.
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Testing the Design on the Micro-region and Zoom-ins

62 Geographies of Power- Spatial Strategie

Testing the Design on the Microregion and
Strategic Zoomins on the Local Scale

Macroregion Microregion Strategic
Zoom-ins
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Translation of the strategies in the micro-region.

Existing windfarms
@ Proposed sites for wind farms
iZZ Proposed sites for Solar on wastelands
! Biomass cultivation from wastelands
— Pomwer transmission Lines
@ Important Substations

- Existing transport infrastructure

64 Geographiss of Power- Spatisl Strategies for @ just' energy transi




Micro region to Strategic Zoom-ins.

Udumelpet Energy Hub
Coimbatore City Centre

,‘ ".‘ Strategic Zoom-in B :
| Coimbatore City Centre (Urban)

Strategic Zoom-in A : Udumenlpet Energy Hub
(Rural)

\ A
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Strategic Zoom-in A: Udumelpet energy hub




Existing situation.
Udumelpet energy hub | v—

L B
L] .
LI
=
\—
. .
-
:
"
-
S

| [ET—

— Inportant roads
-
S
Agricultursl ields ) /
_}_!.f.,,,/
p

Coconut farms
4~ Existing wind farms
|

~e~ Power transmission lines
Spatial Strategies for a 'just' energyl transitic
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Design interventions.
Udumelpet energy hub

S1: Densification.

S3:; Coproduction.

I )
Al I eeca " %L

Camaunity osned
Rural mini grids

" Existing esd of life wind turbines
T Repows red wind turbinas
T New wing turdines
— Existing comections ro poolieg station
~ Nem connectians to the pooling stmtion
jifl sear eneray prants
Biomass cultivation areas
d}nl’rows‘eo R.E pooling station

= Transnission 1ines

. Households powered by mini grid
[J 4griculture fields powered by mind grie
W Foultry fams 10 the ares

=== Mini grié between micro-enterprises
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Design interventions.
Udumelpet energy hub

S1: Densification.
L—i@l .

k L ittt it hebiit

1" Existing ead of 1ife wind turbines
T Repowsred wind turbines
T New wing turnines
— Existing comections ro paoling Station
e Nem connectians to the pooling stmkion
filf sstar eneray prants
Biomass cultivation areas
Lﬁpprowm R.E paoling station

= Transnission 1ines

Ooo0dmO
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Design interventions.
Udumelpet energy hub

S3:; Coproduction.

.

l
QI:IT TQ o " ﬁ

Comnunity owned
Rural mini grids

Aesidences with solar Py on roof1ops
Torning the neighbouheod energy netwroks

B schioolz enc educaticanl instituions near

energy vulnerable commnities

i Informal settlements ang energy vulnersbie

commnities
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Detail: Hybrid S + W+ B Pilot Project.

S1: Densification
A,B,C: Densify, diversify, repower

74 Geographiss of Power- Spatisl Strategies for
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. - g
Unused wastelands
between existing wind
farms of the region

508kW Solar PV in
wastelands between
existing windfarms in
Udumelpet (Private
sector)

Combined energy
output sold to TNEB

Densification by
repowering old wind

Biomass crops grown in
wastelands between
existing windforms in
Udumelpet by local
farmers (Civil soclety)

Hybrid Solar + Wind +
Biomass Pilot Project

<

1

Key plan



Detail: Hybrid S + W+ B Pilot Project.

Existing situation




Detail: Hybrid S + W+ B Pilot Project.

Proposed situation
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Detail: Solar Village Pilot Project.

S53: Coproduction
C. Rural mini-grids- agriculture

77
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MNRE

Ministry of New and
Renewable Energy

Stokeholders

TEDA

Tomil Nadu Energy
Development Agency

subsIdy

TN DoA

TN Department of
Agriculture

I | W 'L y

Local energy coorperatives formed by
farmers like, to invest in community
owned small small windturbine (1) or
solar plant (2) or individually owned
panels for agricultural use.

!
T * Yo o

Agrioultural
farms

Other spaces in
the village

6 solar pumps

minl grid

Households

B5098 units/year,
of which 68% can
he sold to TNEB

surplus energy
sold to TNEB

B Househald (52%)
W sgriculture (41%)
W other (7%)

O

Key plan

om0



Detail: Solar Village Pi'lo_t Project.

Existing situation P




Detail: Solar Village Pllot PFOJECt ‘

Proposed situation




Strategic Zoom-in B: Coimbatore city centre.




Existing situation.

Coimbatore city centre

.
- S NP R
R P
3 /

Commercial ¢ » Industrial

Centre . i ‘?‘ area
\ s a1}
‘ Ec L X ]
y,
Central Jail <
5 Energy

vulnerable
communities

Railway Junction ¢«—— 25

Valankulam Lake

Energy vulnerable ¢——— =il

communities mﬁ'




Design interventions.

Coimbatore city centre

S2: Crrossprogramming.

Land for energy Land for energy
develognent
>

" R.E trains N developnent

S3:; Coproduction.

HAXA LA A A A A A AL

[ sites for £V charging stations

® Ivportant trangit points powered by R.E
=== Rallway netmirk

—— Energy x Wability Network

W Public builcings with solar PV an roofttops
B 1ndustries with solar PY

=== famection to the Public Energy Network

Public Energy Network

Urban Energy Park for Coinbatare

Aesidences with solar Py on rooftops
forming the neightouheod energy netaroks
W schoolz end edusaticanl instituicns mear
energy vulnerable commnities
#F Infarmal settlements ang energy vulnerzbie

commnities
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Design interventions.

Coimbatore city centre

S2: Crrossprogramming.

Land for energy Land for energy
develogment ,  R.E trains - developnent N
>

[ sites for £V charging stations
® Important trangit points pomered by R.E
=== Rallway netmirk
Energy x Mability Metwork
W Public builcings with solar PV an roofttops
B 1ndustries with solar PY
=== famection to the Public Energy Network
Public Energy Network

HE Urban Energy Park for Colmbatare
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Design interventions.
Coimbatore city centre
4 | e

fa %
%
Py
Pz ¥
L/
AROTTAT | & b e ) ]
ot o e s
|l VeI 1) (5 24
51l
S3:; Coproduction. |
(4] ;
# £
(il a's 5 a'e na
io 11T
=TT
=
titrivtw
ir!

Aesidences with solar Py on roof1ops

Tornlng the neighbouheod energy netwroks

B schoolz enc educaticanl instituions near

energy vulnerable commnities

Infarnal zettlements and energy vulnershie

OoO0oO0mO
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Ukkadam - Coimbatore city centre R | 'Y ¥ 2 S 2t
Gopalapuram
Area for Tes
Coimbatore Central
Railway Station
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Detail: Urban Energy Park

4] sub-station, Capacity
Bullding Centre, Knowledge
Hubr on energy developnent

S2: Cross program.
C. Energy x Public Infrastructure

Ukkadam 1MW Solar Plant-
Phase 2

@) 4.5 Wing turbines

) reste to Energy Plant to R.E. production
process B85 TPD of waste
generated in the city around the Lake

Key plan

Valankulam Lake

"Q ‘ rejuvenation

Fleod resilience and
ecological value added
through lake restoration

New Lakefront public
space

i
|
|
[ New open, public spoces
! arcund the energy sites
! and the lake

Urban Energy Park at
Ukkadam

Ooo0dmO
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S53: Coproduction
B. Energy sharing with vulnerable communities f

Detail: Ukkadam energy sharing Pilot Project %

ENERGY PRODUCER - ENERGY BENIFICTARIES:

St. Michael's High School-

- 2N T
Aty Tcdh AN
Large educational complex Key plan
with large roofs to support
solar PV installations ‘
1

I

Good Shepherd
| High Sehool

1

Public Space/
Sports facilities

™

&

Micro-enterprises
in the community

U
Households |
|

Ukkadam: 779 energy
' wulnerable households
&N Pt
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Design interventions. L.

Existing situation




Design interventions.

Proposed situation
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Outcomes of the Testing.
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To conclude,
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1. Transformations in transition governance.

Existing stakeholder relationships

i a1 == o .
T il 1 ‘ T A R Pug, Csgp,
| ! g e — 1 TNEB/ T TR, B
o i el i | e TARGEDCO/ G b\\’of?
rd \ (4 N
/./ A 0 \ [ a e, ™~ AN
2 \ \ 3 ,‘1 9enc g, 95,// N

b e

PUBLIC SECTQR

Government

Community Top down
Governance
model Slawy sedag
[/ ¥Hom yygng
Current governance model it TR
- 401235 AL31205
A INand NI L

just’ energy transition
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1. Transformations in transition governance.

New stakehaolder relationships

Government

Enterprises

Bottom-up
Governance
model

Desired governance model
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2. Critical areas of collaboration between energy and spatial governance

Existing model of development

Spatial Governance

RS H

1 ]

' '

| O |

' '

' '

' '

' '

! Land acquisition :

i '

' I

1 '

' '

' '

' '

' '
Energy Governance : .
.............................................. SO ASL% WRII 00, . ~ = =, 2 0 SUCRMRI A5 COMIRBISEL IO 2 . = = 0w SR Y
| ' ' ]
| Il ' 1
| ' ' 1
: b, : eRels. : :
t als ! ' t
¢ 3 C;D —«;—) —:—) — !
1 ' ' 1
: a) TR : :
: ; : |
1 ' ' 1
1 1. Proposal for 2. Tender floated ' 3. Acquisition by ' 4. Project 5. Operation, !
: energy project by by TNEB for energy t private energy company, : development and Energy bought by d
! TNEB project C who buy the land and y construction TNEB. '
' \  extract eneray ' '
| : ; |
______________________________________________ e 5 i i S 5 S i T i i i D bl . i Tt G i A P D W D W S N D i it . . D i Vi G et i i )

' '

' '

1 ]

' '
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2. Critical areas of collaboration between energy and spatial governance

New model of development

1. Strategic Spatial Plan
for energy transition,
development jointly by
the TNEB and DTCP

by

project

3. Land acquisiiton w.r.t.

landuse regulations and
local community wellbeing

Tender floated
TNEB for energy

2. Spatial suitability and
Impact Assessment Studies

to test the impact of
proposed project on
pre-selected sites

* Critical areas where spatial governance
and energy governance could collaborate

98 Geographies of Power- Spatisl Strategies for a 'just' energy transition

5. Project development to
follow guidelines set by
the Strategic Spatial Plan

4. Creating platforms for
community participation
and consultation in
development process

Qperation.

Energy bought by
TNEB.

6. Regular monitoring
of impact on spatial
and social structures
around energy site

oododddm



3. Transferability of the methodology.

in developing countries

Step 1

Creatng a Spatial Grid

5x5km grid 1s overlald to have a
common spatial unit for analysis

25km? | 5km

S5km

99 Geographies of Power-

Step 2

Evaluating the Grid

Each square 1is graded from 1-5,
5 being thhe highest, based on
certain input parameters (energy
potentials, spatial potentials,
ete)

1, £

BEo
\"-n

Grade 3

Step 3

Input Parameters

Input parameters for each square
are overlaid to obtain various

outputs to determine areas of
potentiality and vulnerability

Salar anergy

s 4 3

Wind energy

Spatial Potential

Sacial Vulrerability

step 4

Outputs- Strategic areas for Regional Design

Different outputs showing strategic areas for intervention can be
generated based on the choice of the input parameters. One example
pathway is shown, where areas of high energy potential are crossed
with areas of high social vulnerability to identify regions that are
initiatives

viahle for 'coproduction’

Output 1: Areas of highest
solar energy patential

Grade 4.5)

Output 4: Areas of highest
carbon capture potential
(Brade 4.5)

Output 7: Areas of highest
commulative enrgy
potential (Derived from
Outputs 1,2,3,4)

Output 5: Armas of highest
spatial development
patentiel i.e. regions with
wasteland concentrations

2as of highest

ential andt spatial
potential (Derived from
Outputs 5.6

Output 2: Areas of highsst
b
(Grade 4,5)

\ass energy potential

Output 8 Areas of highest
sacial vulnerability and
energy potential

RS,

Output 9: Left empty to

shaw how

of energy deveiopmant
patways ¢ generated
using this model,

witiple teratons

Step §
Inputs for design

The ouput iteraticns provide
valuble insights on where
and how regional design
strategies can be implement-
ed
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Strategy 6 = Inc,-ease flex"b”"tythrough High R.E. day: 2" June 2050, 12.45pm * Low R.E. day: 26" October 2050, 05.15pm *
seasonal activation of 9
energy landscapes. Hoc

High R.E, day: 2 Jure 2050, 12:45 pir High R.E. day: 26 October 2050, 5:15 am

infrastructure for inter-state energy exchanges
and energy forecasting, building energy storage
facilities and altering energy consumption patterns

k production pe

rrespond to th

0 balan
supply by i
different ene




S6: Design interventions/Actions.

A. Increase the diversity and multi-functionality

By increasing t
onality of energy

ategy 1 and Stre

funct

in energy supply is reduced

ion of energy production

The diversifi

iple (solar
the flexit

0 generate

i biomass) create Y
/ production to sult
t fluctuations. Moreover, creating
opportunities for multiple us 1

coexist (like mobility

management), the proj

s not affect
e land during

the off-peak seasor

Fig § esign in t2 for flexib61lity of ene

B. Develop cross-border energy exchanges

loping the infrastructure for inter-

es,

8y

regional and inter-state energy exchar

d on

variations in R.E. generation is balar

a national This invo. increasing
state high

ity, construct

sion

1tage transmi
ing metering g
at the borders, and polic
all imported

oints for

changes to ensure that tf

energy 1s from renewable energy sources

This solution not only generates better
profits for TNE

but also ensures that

the penetra of R.E in total energy

n during the low R.E

mix remains high e

periods. For example, studies hav wn
] situation in

gh-demand,

low-denz

that the high-windg,

th the

Tamil Nadu coincide
uation in the northern grid

low-suppl

during
This means

instead of curtailing

jenerated an be exp

surplus R.E

at a profit to states with energy deficits
Similarly, energy

during the

n be importe

ller base at a more rea

season .

during off-p

Ir tate r hang
ag10nal Design o 8

C. Store and Release

Investing in

rgy storage infrastructure

lutions to overcome

solar) and seasonal (wind)
able ene
ring

fluctuations in ren

storir

surplus R.E. p
qy storage points, and releasing

during the peak season, ene

deficit due to fluctuations is balanced

ect acknowl

2 the pro
1though energy
oming more commonplace, it is still

storage technology

and also negativ
to 1t

while noting it

expe

environment

hemic

The proj
SOlutic 1o grid variations, does r«

elaborate on this in the design

D. Enforce demand-side management

hno 1
in

the ones

1 soluti

and C, this solution

ng the

softer approach to a

tions in R.E suppl By alte
mption patterns to

mand and co
R.E
cally),
nergy is minimised

neration peried (6am to

Bpm dependency on coal

power

reful demand-side
ing tariffs during

enforced
ment 11ke
off peak periods to shift high energy

incre

n pericds. This

loads to peak gener

policy lewvel change can

changes

51Ng energy

the low tariff

intenslve appllances
d and using only e

tial appliances

pe
during the high

period

Existing situation




Catalogue of energy production landscapes

Solar energy landscapes o Wind energy landscapes @ Biomass energy landscapes o Low carbon energy landscapes
1. Rooftop solar PV 1. Large scale 1. Blomass Source: 1. Carbon emission
- wind farms Agricultural residue landscape: Thermal

power plants

*‘t = :- ,\(, AAA

¥ —
—
<
®

—7(—»\—’\

<
2. Large sclae solar 2. 0ffshore wind 2. Blomass Source: 2. Carbon emission
power plants ; s farms T Wasteland remediation landscape: heavy

7 T P industries
T h T W :
3. Small scale 3. Small scale 3. Biomass Source: 3, Carbon capture
solar PV wind turbines Forest byproducts and storage sites
"

4, Solar PV along 4. Windturbines along 4. Biomass Power plant 4. Passive carbon
infrastructure infrastructure capture on natural

? ecological reserves

AV
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Methodology for Energy Calculations.

104 Geographies of

Power- Spe

Total energy installed capacity (MW)

Tamil Nadu Energy Calculations 2050

Total energy demand/generation in a year (GWh)

Energy mix Ownership 2018 2022 2050 % 2050 (b) Potential 2018 2022 2050 2050 (b) Difference from existing
Thermal State 4320 8500 12000
Thermal Centre 4603 5700 6500 59000 76866 82000
Gas State 516 1400 2000 4000 5714 6000
Nuclear Centre 1709 3400 4800 21000 29647 30000
Hydro State 2308 2000 3000 3000 4500 4500
Wind Private 8359 11900 53 28000 324282 11048 40000 94117 120000 108000
Solar Private 2366 8900 42 16000 78505 2458 15000 26966 30000 27500
Solar rooftop Private 3500 6000 259700 6000 10285 11000 11000
Biomass Private 925 1200 1560 5 2000 1560 4800 8000 8000 6200
IPP (Thermal) Private 746 600 1000 2000 3330 3400
Purchase Open Access 3630 2000 4000 4000 8000 8000
Total (Sum) 29482 49100 85300 664047 158800 267425 302900
Total (Estimate) 49100 55500 83200 110251 154000 200000 300000
CAGR 6% CAGR 4%  CAGR 6%
CAGR 4% and and 50% and 50% and 50%
50% energy energy energy energy

Greening the  reduction reduction Greening  reduction  reduction

Grid measures measures the Grid measures  measures
Just N.R.E 28300 122500
Just R.E 52000 169000
Peak demand in
April (one day) 15440 26330 35000 55000 355
Average energy
demand per day 306
Percapita
consumption
(kwh) 1200
Sources:

TNEB Sharma, 2016 Sharma, 2016 TNEB Sharma, 201 Sharma, 2016

Greening the Grid

Notes:

energy tran

Biomass: Full realisation of Potential



Analysis of Conflicts and Opportunities.

Conflicts

Solar
Energy

Wind
Energy
Biomass
Energy mmﬁggmr

o

Carbon
Capture and
Storage

105 . : ‘-." 1€rs

MAY

SEP | OCT | NOV DEC

lability
tural due

the harvest season

30% MORE ENERGY
CONSUMPTION

Opportunities

communities

Solar
Energy

Wind
Energy

Biomass
Energy

€@

Carbon
Capture and
Storage



Governance of energy and space.

Energy Governance Structure

EW £ RENEWABLE ENRGY NIS POWEF ELECTRICITY REGULATORY COMMISSION
Ministry of Govt. of India Ministry of Govt. of India that Central statutory body responsi-
responsible for R&D, interna- oversees electricity production ble for regulating electricity
tional cooperation, promotion, and iInfrastructure development, tariffs, pollcies and enforcing
and coordination in renewable including generation, transmis- the standards of electricty
energy (R.E) sources sion, and distribution, service

TAMIL NA

Department of the Govt. of

Tamil Nadu, responsible for
decision making and coordina-
tion of energy development

v

TEDA TNERC
Government agency responsible State Owned Enterprise, under State statutory body responsi-
for promoting R.E projects, its Department of Energy, ble for regulating electricity
energy conservation and research responsible for electricity- tariffs, policies regarding

development of R.E in Tamil Nadu from generation to distribution subsidies and ecolgical impacts

Subsidiary enterprise of TNEB Subsidiary enterprise of TNEB
responsible for power responsible for power
transmission and grid balancing generation and distribution

| [ 1
”» 2 v v W
M | A A A 1
Energy Production Energy Transmission Energy Distribution

{Consumption

NATIONAL LEVEL

STATE LEVEL

SUB-STATE LEVEL

Scales

AUTHORITY

TERRITORY

_______<_> (...________‘________._______«_

Spatial

Governance Structure

ND URBAN AFFAIRS N A
Ministry of Govt. of India responsi- gl i
ble for formulation and administra- o |
tion of the rules and regulations = !
and laws relating to the housing and §} |
urban development in India. =N |
-
z, |
l VI
1
I
DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT /,\ |
I
Department of the Govt. of : :
Tamil Nadu, responsible for | |
decision making and coordina- , |
tion of energy development a! /
l
| g
] oo
2iE
Dicectorate.of Town.and . Countey pleni al =
irectorate of Town and Country pla L&
Land planning and development Land planning and develop- \ E |
body responsible for preparing ment body responsible for g
and implementing Master Plans preparing and implementing \ :
and Detailed Development Plans Master Plans and Detailed v
in Tamil Nadufxcluding CMA Development Plans 1n CMA s )
) |
Lk
i 3
Subsidiary body of DTCP 2
o
responsible for making =1 |
regional plens for development E; |
1 2
D !
2
: |
New Towns Development Authority L7
I
Rural Local Planning Authority Urban Lecal Planning Authority Subsidiary body of DTCP . |
responsible for creating that creates masterplans for responsible forplanning and | :
masterplans for rural areas urban areas and neighbourhoods development of new towns \]/ \l/
| I | 11 1
N
|
\ ! ; :
- =
[
[ Py x)
e i} Ly W
) [0 (W] -
s | 1 L)) U
Rural area ¢ 5 Urban area and towns Scales
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Geographies of

... governance, coordination and
planning of energy is, for most
part, a regional undertaking,
whereas spatial governance and
creation of masterplans is carried
out only at the local scale. There is
an urgent need for regional spatial
planning for energy development
in the state of Tamil Nadu.

Power- Spatisl Strategies for a

| scale

at the regi

4
1ty

Governance and management is pred

energy governance
SCALES OF POWER SCALES OF TERRITORY
TNEB (TANGEDCO, > Tamil Nadu State

TANTRANSCO)

Regional Authority —— Distribution Regions —

Distribution Circle
Authorit

energy transition

(macro region)

(mesao region)

> Distribution Circles
(micro region)

46 D.

spatial governance

! o

U

xl1e 2\/

SCALES OF TERRITORY

Tamil Nadu State ¢
(macro region)

Regions
(meso region)

H

Urban/Rural &——
scale

Neighbourhood <
scale

Street scale «—

SCALES OF POWER

Directorate of Town
and Country Planning

v

Local Planning
Authority (LPA), New
Towns Development
Authority (NTOA)

Governance and management is predominantly at the local scale

... the mismatch of boundaries
and territories between
energy and spatial governance
demands softer planning
approach that extends beyond
boundaries, and integrates
spatial planning and energy
planning.



