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||m Regional Grid Integration Initiatives across the Globe
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https://sarepenergy.net/wp-content/uploads/2023/03/Envisioning-Trans-Regional-Energy-Connectivity-between-the-South-Asia-Region%E2%80%93Southeast-Asia-Region%E2%80%93Gulf-Region-Prospects-and-Opportunities-by-Rajiv-Ratna-Panda-Power-Market-Speci.pdf
https://orbi.uliege.be/bitstream/2268/239969/1/CIGRE-GLOBAL_GRID-REPORT.pdf

"m International Experience and Best Practices of Regional
Institutions Facilitating Regional Power System Planning
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Southern African Power Pool (SAPP)
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S APP 12 Countries | 80 GW Gen. Capacity | Coal (59%) ,

Hydro (24%) | 10.9 GW of X Transmission Capacity

9394 GWh CBET in 2020 | 21% Competitive
market | 79% bilateral transactions

A

g ° Established in 19951, under the Southern African

5: Development Community (SADC).

_g ° National power utilities of |2 countries are members.

g o Inter-Governmental MoU, the Inter-Utility MoU

E ° Based in Harare, Zimbabwe (SAPP Co-ordination Centre)
° Coordinate and cooperate in the planning,

development and operation of their generation

“ and transmission facilities for mutual benefit.

% . Develop integrated generation and transmission

o plan, every 2 years

o . Transmission improvements for regional trade

o . Facilitate trading in the Day Ahead Market (DAM)
o 4 Sub-Committee (Planning, Operation, Market, Environment)

Southern African Power Pool (SAPP) %

SAPP Planning Sub-Commiittee

o Establishment and updating of common planning & reliability standards

o Review every 2 years an overall integrated generation and transmission
plan, based on individual member’s plans

o Improvement required for interconnected system

o Determination of transfer capability limits between systems

SAPP Pool Plan aims to identify a
core set of generation and
transmission investments of

regional significance that can
provide adequate electricity supply
to the region under different
scenarios, in an efficient and
economically, environmentally
and socially sustainable manner
and support enhanced integration
& power trade in the SAPP region

e T
SAPP Pool Plan - Sy >
Main Transmission
Corridors -
v <
v

By 2040
RE share to reach 41%-54%
Peak demand 51 GW to |15 GW (22 X%)

South b«
Africa

\‘24‘ _\



https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.sapp.co.zw/sites/default/files/Full%20Report%20SAPP.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0
https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.sapp.co.zw/sites/default/files/SAPP%20Pool%20Plan%202017%20-%20Executive%20Summary_0.pdf
https://www.sapp.co.zw/coordination-centre/planning-sub-committee
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0
https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.sapp.co.zw/coordination-centre/planning-sub-committee
https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.sapp.co.zw/sites/default/files/SAPP%20Pool%20Plan%202017%20-%20Executive%20Summary_0.pdf
https://www.sapp.co.zw/coordination-centre/planning-sub-committee
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||m European Network of Transmission System Operators for Electricity (ENTSO-e)

ENTSO-E System Development Committee
e Ten-Year Network Development Planning (TYNDP)
e Regional Investment Plans, Scenario Building, European Resource Adequacy
Assessment, Seasonal Outlooks, Connection Network Codes
e Data Models - Market and Networks, Asset Implementation & Management
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Key Roles

35 Countries (EU 27+) | 1156 GW Gen. Capacity
Fossil (35%), Renewable (51%), Nuclear (11%)
93 GW of X Border Transmission Capacity

404 TWh X Border Exchange in 202 | wisinentso-g
25.5 TWh @enrso-eexcernay | 429 TWh total

Established in 20081, as a successor of six regional
associations of TSO (ETSO, ATSOI, UKTSOA, NORDEL, UCTE and BALTSO)

39 Members from 35 countries are part of ENTSO-E
ENTSO-E Vision: A Power System for a Carbon
Neutral Europe, Based in Brussels, Belgium.

Development & implementation of network codes.

Development of Ten-year Network Development Plan

(TNYD P) (Extensive->100 experts in 40 different countries across Europe & beyond)
Facilitating cross-border network development
Enhancing creation of the Internal Electricity Market.

6 Committee ( System Development, System Operations, Market,
Research Development & Innovation , Legal and Regulatory, Information &

Communication Technologies )

Plays a central role for EU’s climate-neutral by 2050.

Opportunities for increases in cross- ) ﬁ

border transmission, storage and
peaking units capacity in 2040

CROSS-BORDER CAPACITY INCREASES NEEDS IN MW
(ADDITIONAL TO THE STARTING GRID 2025)
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TYNDP is a long-term
plan, released on a
biennial basis as per

Regulation (EU) 2019/943,
on how the electricity
transmission grid is
expected to evolve in

Europe to implement the

EU climate & energy goals.

O X Border Transmission Capacity
184 /204 GW (2030 / 2040)

O Electricity Peak Demand - 740 GW
(2050) , 471 GW (2021)

OX Border Exchange
1182/ 1267 TWhlyear (2030 / 2040)

OGen. Capacity
~ 3650 GW By 2050


https://www.entsoe.eu/about/system-development/
https://tyndp.entsoe.eu/
https://www.entsoe.eu/about/inside-entsoe/objectives/
https://www.entsoe.eu/about/inside-entsoe/governance/
https://www.entsoe.eu/about/inside-entsoe/official-mandates/
https://en.wikipedia.org/wiki/European_Network_of_Transmission_System_Operators_for_Electricity
https://www.entsoe.eu/about/inside-entsoe/members/
https://www.eea.europa.eu/policy-documents/ec-2020-2050-long-term-strategy#:%7E:text=The%20EU%20aims%20to%20be,action%20under%20the%20Paris%20Agreement%20.
https://tyndp.entsoe.eu/explore/how-is-the-tyndp-developed
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/high-level-report.pdf
https://2022.entsos-tyndp-scenarios.eu/wp-content/uploads/2022/04/TYNDP2022_Joint_Scenario_Full-Report-April-2022.pdf
https://www.entsoe.eu/Documents/Publications/Statistics/Factsheet/entsoe_sfs2021_web.pdf
https://www.entsoe.eu/about/inside-entsoe/members/
https://tyndp.entsoe.eu/
https://www.entsoe.eu/Documents/Publications/Statistics/Factsheet/entsoe_sfs2021_web.pdf

||mTYNDP- Development Process, Regional Optimal Benefits for Achieving Climate Goals

Today's power system
93 GW of cross-border transmission capacity

Introductiontothe TYNDP 2022

The Process behind the Ten Year
Network Development Plan at ENTSO-E

_‘1 Defining upto three
\ most plausible futures,
— yhichvie call Scenarios

SCENARIOS 4»

4} and identification

Q

Cost benefits
analysis of projects

Process of European
Projects of Common
Interest led by the
European Commission

Projects of common
Interest Process

COLLECTION*B COSTBENEFIT*D SELECTION———B

$

23 GW of cross-border capacity increases in construction
or in advanced stages of permitting until 2025

| |

With 64 GW of cross-border

If Europe stopped investing
in the grid after 2025

A
S~

35 TWh/year

curtailed renewable energy

393 TWh/year

gas-based power generation

323 Mton/year
CO, emissions

104 Billion €/year
generation costs

78 TWh/year
curtailed renewable energy

366 TWh/year

gas-based power generation

175 Mton/year
CO, emissions

132 Billion €/year

generation costs

capacity increases after 2025

With 88 GW of cross-border capacity
increase after 2025, 41 GW of storage
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18 TWh/year

curtailed renewable energy

384 TWh/year

gas-based power generation

309 Mton/year
CO, emissions

99 Billion €/year
generation costs

4

and 3 GW of peaking units
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36 TWh/year

curtailed renewable energy

291 TWh/year

gas-based power generation

145 Mton/year

CO, emissions

123 Billion €/year

generation costs

» 17 TWh/year of avoided
curtailment

» Gas-based generation
reduced by 9 TWh/year

» 14 Mton/year of avoided
CO, emissions

» 5 Billion €/year saved
in generation costs

» 42 TWh/year of avoided
curtailment

» Gas-based generation
reduced by 75 TWh/year

» 31 Mton/year of avoided
CO, emissions

» 9 Billion €/year saved
in generation costs

Regional Planning leads to Optimal strategy for Achieving Climate Goals, 42 TWh/year of Renewable Curtailment avoided, 9 Billion Euro/Year saved in generation cost


https://tyndp.entsoe.eu/explore/how-is-the-tyndp-developed
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/system-needs-report.pdf

Co-Existence of Various institutional
apparatus

L Top-down approach supplemented
by Bottom-up initiative

Q Institutional Platforms under
Formal Regional
Intergovernmental Organisations

(EU, ENTSOe)

O Institutional Platforms among
countries as dialogue forum

0 Informal Institutional networks
for advocacy, building consensus.

. A collective Multi-institutional/Platform based regional |
approach helps in tapping potential of Regional Optimisation

®
||mTypology of regional cooperation mechanisms in the EU electricity sector: Overall EU
Approach
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Top-down‘ Typology of regional cooperation mechanisms-EU electricity sector?é
i initiative :

i based on
. EUor Regional ENTSO-E
impulse Initiatives Regional Groups

BEMIP
MedReg
e BEC T

: Bottom-u NEED Nordic Council
; Initiative
Member V4

States >

Approach of
cooperation

Sharing Joint analysis,. Joint policy Joint Joint
information Knowledge creation analysis instruments  policy
Intensity of cooperation

Forum /Dialogue Institutions


Presenter Notes
Presentation Notes

Electricity Regional Initiatives (RIs) have been launched in 2006 by ACER’s preceding organization, the European Regulators Group for Electricity and Gas, with the final aim of establishing an integrated European electricity market in a bottom-up approach by enabling regional cooperation between NRAs, TSOs, and other stakeholders. There were seven RIs, whereby countries could be engaged in multiple initiatives to ensure that all countries at the electrical borders of an RI are included. Especially, the Central Western and the Northern European regions proceeded quickly in testing and establishing regional wholesale electricity markets. 
In 2011, the European Council set out a common vision for the completion of the common electricity market by 2014.27 The definition of network codes and clear target models for the further development of the EU electricity market implies a switch from the previous regional cooperation approach towards a harmonization of market rules on EU level. The following step for the RIs in establishing a common EU electricity market was to harmonize market rules across regions by contributing to the elaboration of joint EU network codes. 

• ENTSO-E mandated TSOs to found Regional Groups for ensuring system stability in the European grid and to promote the integration of electricity markets by developing joint procedures and tools. There are five permanent regional groups for system operations based on synchronous areas, namely Continental Europe, Nordic, Baltic, Great Britain, and Ireland-Northern Ireland. ENTSO-E Regional Groups are organized in committees according to their responsibilities. The System Operations Committee, for example, amongst other tasks elaborates proposals for joint operations and network codes. Different ENTSO-E Regional Groups are defined for system development and markets. 
• In reaction to this challenge, national TSOs have been cooperating voluntarily since 2009 in Regional Security Coordination Initiatives (RSCIs). The aim of the cooperation in RSCIs such as CORESO and TSCNET is to support national TSOs in regional capacity calculations, short- and medium-term adequacy forecasts and the joint development of network models. The participation of TSOs is limited to checking the calculations for errors and authorizing the 
use of the results. As some of their main roles, RSCIs coordinate outage planning and perform operational planning (n-1) security analyzes covering the entire region, i.e., identifying potential security violations in system operations which an individual TSO might not be able to see in its security analysis of more limited geographic scope. Although the results are included in the calculations of national TSOs, many factors are added to reflect local conditions. RSCIs have not been set up for operational network procedures and are also not equipped for this purpose. 

With the recast of the EU Internal Electricity Market Regulation28 that entered into force in July 2019, Regional Coordination Centres (RSCs) as new cross-border regulatory organizations will be established. This legislative act implies an institutionalization of the voluntary regional cooperation in the form of voluntary RSCIs. The organization of RSCs is nominated by TSOs within a region and approved by the national regulatory authorities. RSCs shall act independently of national interests and the interests of TSOs. The operation of the electricity system remains within the responsibility of national TSOs. 

• The Pentalateral Energy Forum is the intergovernmental framework for voluntary regional cooperation towards improved electricity market integration and security of supply in the Central Western Europe electricity market region, formed by Austria, Belgium, France, Germany, Luxembourg, the Netherlands and Switzerland since 2005. The aim of the forum is achieving a closer cooperation and collaboration with regard to coupling of the respective national electricity markets, operation of the electricity system, security of supply, and risk preparedness, as well as development of common political views on certain aspects of the future electricity system in the region. On the European level, the Pentalateral Energy Forum is an important region in the context of ACER’s, the European Commission’s and ENTSO-E’s regional market integration initiatives and has a strong track record regarding the coupling of day-ahead markets and regional generation adequacy assessment. In 2018, a first regional electricity crisis exercise was completed. The added value of this regional forum between ministries, TSOs, regulatory authorities, the European Commission, and market actors lies in its ability to move faster than institutionalized initiatives among all EU Member States, to reach more specific recommendations and to act as a development center for new ideas. Similar regional cooperation schemes with focus on electricity market integration exist in Scandinavia (Nordic Council Energy Working Group), Northern Europe (NEED), Central and Eastern Europe (V4, CEEE Forum), around the Baltic Sea (BEMIP) and the Mediterranean Sea (MedReg).29 

• Germany initiated the group of electricity neighbors to engage in high level regular dialogue with its neighboring countries. The group includes Germany, all of its neighbors, plus Norway and Sweden, which are or will be connected to Germany via undersea cables. The European Commission also attends the meetings on a regular basis. The cooperation has existed since 2014 and allows neighboring countries to participate in the German national debate on the energy transition (e.g., coal phaseout), but also discuss relevant issues of European electricity policy.30 


https://guidehouse.com/-/media/www/site/downloads/energy/2020/epstudyinterconnectionsandgovernancefinaloct19pub.pdf
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Heads of ASEAN Power Utilities/Authorities (HAPUA)
ASEAN Power Grid Consultative Committee (APGCC)
ASEAN Interconnection Masterplan Study (AIMS) llI
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Heads of ASEAN Power Uctilities/Authorities (HAPUA)- ASEAN Power Grid Consultative Committee (APGCC)
||m ASEAN Interconnection Masterplan Study (AIMS) Il

10 Countries | 285 GW Gen. Capacity | Fossil (66%) , ASEAN Power Grid Consultative Committee (APGCCQC)
f D HApUA RE (33%) | 7.7 GW of X Transmission Capacity e Facilitates and assist the HAPUA Council in the implementation of the MoU
49 TWh CBET in 2021/22 on the ASEAN Power Grid (APG)
Multilateral CBET (LTMS) in existence | No Market CBET e Support, promote and provide guidelines to the conduct of relevant Studies

e To prepare annual and multi-year plans for the development of the APG

e HAPUA il established in 198l

e Members consist of representatives from ASEAN
countries and the HAPUA Utilities. 3

e MoU (2007) on the ASEAN Power Grid (APG):- g

e Mandates HAPUA for implementation of MoU

e Creation of ASEAN Power Grid Consultative
Committee Tl (APGCC) (was established 2007)

e ASEAN Interconnection Master Plan Study

ASEAN Interconnection Masterplan Study (AIMS) 1l
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e APGCC is an organization body under HAPUA
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e HAPUA WG -Transmission /| APG : To Review and update
the ASEAN Interconnection Masterplan Study (AIMS), identification of
feasible interconnection project and to implement the recommendations AIMS.
AIMS-I (2003), AIMS-II (2007), AIMS-III (Under Preparation)
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https://agreement.asean.org/media/download/20140119102307.pdf
https://hapua.org/main/wp-content/uploads/2018/10/TOR_APGCC_original_2008-1.pdf
https://aseanenergy.org/asean-plan-of-action-for-energy-cooperation-apaec-phase-ii-2021-2025/
https://aseanenergy.org/the-7th-asean-energy-outlook/
https://hapua.org/main/apgcc/about-apgcc/
https://hapua.org/main/hapua/about/
https://agreement.asean.org/media/download/20140119102307.pdf
https://usaidcleanpowerasia.aseanenergy.org/resource/the-asean-interconnection-masterplan-study-aims-iii-overview-and-progress/
https://sarepenergy.net/wp-content/uploads/2023/03/Envisioning-Trans-Regional-Energy-Connectivity-between-the-South-Asia-Region%E2%80%93Southeast-Asia-Region%E2%80%93Gulf-Region-Prospects-and-Opportunities-by-Rajiv-Ratna-Panda-Power-Market-Speci.pdf
https://agreement.asean.org/media/download/20140119102307.pdf
https://hapua.org/main/wp-content/uploads/2018/10/TOR_APGCC_original_2008-1.pdf
https://aseanenergy.org/asean-plan-of-action-for-energy-cooperation-apaec-phase-ii-2021-2025/
https://aseanenergy.org/the-7th-asean-energy-outlook/
https://bn.linkedin.com/posts/benisuryadi_request-for-proposal-to-develop-the-asean-activity-7029580368127135744-TRUN
https://usaidcleanpowerasia.aseanenergy.org/resource/the-asean-interconnection-masterplan-study-aims-iii-overview-and-progress/
https://usaidcleanpowerasia.aseanenergy.org/resource/the-asean-interconnection-masterplan-study-aims-iii-overview-and-progress/

Special Planning Needs with Special Mechanism
Institutional Mechanism-Multilateral CBET (South—East Asia): A Beginning of a new Renaissance

Lao PDR, Thailand, Malaysia,
Singapore (LTMS) Trade Z.2.5.°0

Lao PDR, Thailand, Malaysia, Singapore (LTMS) Multi Lateral Trade Project

W === |Y  Myanmar
¥ rem | (Burma)

Phase-1
100 MW
Trilateral
Lao-Thailand
Malaysia
32.8 GWh o
- traded between 0u
viabilit re uglator Tax and tariff A nant
Yy g Y Arrangement led Phase. | g
sy a1y lediby by 100 MW Cambodia
Malaysia Singapore Thailand Multilateral
_ ————— Lao-Thailand Andaman Sea He Chi
Silb Singapore
_ e —— 23 June 2022
U Planning : As a first step, each country developed a grid Singapore-fully
study- to confirm technically possible -100 MW trade liberalised
. k
from Lao PDR to Singapore i ?:;of:
. . . Plan by Singapore 1
U Ownership and Fairness - Each country led a Particular A
Task Force As of 31 July
2022, 72 GWh
Q Energy Purchase & Wheeling Agreement (EPWA) of electricity
traded.

Data Source- Regional electricity trade in ASEAN , Author’s P:

esentation on Bilitegil. ¢ eilateral, Compiled by Rajiv Ratna Panda


Presenter Notes
Presentation Notes
Since 1985, Malaysia and Singapore have been interconnected via a 2 x 230 kV AC interconnection (Plentong–Woodlands) with a rated capacity of 500 MVA. This line consists of an AC overhead line (10 kilometres [km]) and submarine cables (2 km). This line provides a source of power supply during system emergencies for both interconnected power systems, and is managed jointly by TNB and SP PowerGrid.

https://www.pwc.com/sg/en/publications/regional-electricity-trade-in-asean.html
https://sarepenergy.net/wp-content/uploads/2022/12/Presentation-on-Models-of-Trilateral-Multilateral-Cross-BorderPower-Trade-by-Rajiv-Ratna-Panda-Associate-Director-SARIEIIRADe-Mr.-Rajneesh-Sharma-DirectorDeloitteIndia.pdf
https://www.safirasia.org/sites/default/files/Vinod%20Kumar%20Agrawal%20&%20Rajiv%20Ratna%20Panda.pdf
https://aseanpowergridsummit.confexmanager.com/conference/content_file/1518
https://usaidcleanpowerasia.aseanenergy.org/download/3764/

South Asian Electricity Sector, Cross Border Electricity
| Trade , Climate Ambitions and Current Planning
Processes



||mSA Power Sector, Cross Border Electricity Trade, Clean Energy Ambitions

Power Sector 1.98 CBET {98 Climate-Induced Energy Sector

b b Transformation
* * 70 % electricity from RE by 2030
G:‘: :cr-::i‘::i 60% renewable
energy by 2030
; : 4 arsehmcone Net Zero by
L , Countries et 0% o
A NP - 619 Mt CO2e 22302'::16 4 By 2030, clean
% ? S (15.12%) e .
- < £ PP rgy generation
South 7 b T . t0 15,000 MW
8 | 5 EE s sl 8
Countries o LECEND T = = countries i G 5 NE
N Einting Hvoceack Toeack [ . . commitment to
- — T = J (I
— carbon-neutral —
: South Asia (BBIN) CBET BUs (TWH) Netzero (B) 2070
160.0 50 % non-fossil pnwercapacity by 2030
18.1
140.0 7.3
120.0 1.7 I. World’s Ist Carbon Neutral Country-Bhutan
100.0 15.710 2. Net Zero by 2030-Maldives
80.0 12805 W 3. Net Zero by 2045-Nepal
60.0 10.7+2;3 == 4. Carbon Neutral by 2050-Sri Lanka
Gas Oil/diesel 40.0 9.4 ./ 24 BUs o N
9% 4% 200 4.0 7.8 mm T 5. 30% RE by 2030 and 40 % RE by 2041-Bangladesh
0.0 =T 6. 15 GW clean energy by 2030-Nepal
IInstalled Capacity- 496 GW(023) | Fossil Dominance-289 _ .
GW(~60%) 1 Coal Dominated-225 GW(45%) INatural gas (9%), Oil @SN A2 (A8 (N 418 g \F Q0 QN \F 5 7. NetZero by 2070-India _
(4%) based | RE- GW ( )1 RE-Hydro: GW ( ) A0° " 40T A0} 40T 40T 40N 40T 401 40K 40F " 40 8. 500 GW RE Installed CapaCIty by 2030-India
1~4.5 GW of x Border Interconnection | ~ 10 X increase in xBI Bilateral, Mix of G-G & Commercial, CBET Through PX OSOWOG initiative will also accelerate the rapid deployment
’ I Total 43.8 GW of xBI by 2036/2040 : ), Bidirectional, Trilateral CBET Upcoming ' of Solar in South Asia and Beyond



https://cea.nic.in/wp-content/uploads/installed/2023/01/IC_Jan_2023.pdf
https://nepra.org.pk/publications/State%20of%20Industry%20Reports/State%20of%20Industry%20Report%202022.pdf
https://sarepenergy.net/wp-content/uploads/2023/02/1.-Regional-Update-CBET-Emerging-Outlook-for-CBET-in-South-Asia-Rajiv-Ratna-Panda11th-TF-2-Meeting-SAREP-KathmanduNepal.pdf
https://www.gccia.com.sa/Data/Downloads/Reports/FILE_27.pdf
https://www.irena.org/Data/Downloads/Tools
https://www.stats.gov.sa/en
https://sarepenergy.net/wp-content/uploads/2023/03/Envisioning-Trans-Regional-Energy-Connectivity-between-the-South-Asia-Region%E2%80%93Southeast-Asia-Region%E2%80%93Gulf-Region-Prospects-and-Opportunities-by-Rajiv-Ratna-Panda-Power-Market-Speci.pdf
https://sarepenergy.net/wp-content/uploads/2023/02/1.-Regional-Update-CBET-Emerging-Outlook-for-CBET-in-South-Asia-Rajiv-Ratna-Panda11th-TF-2-Meeting-SAREP-KathmanduNepal.pdf
https://cea.nic.in/wp-content/uploads/notification/2022/12/CEA_Tx_Plan_for_500GW_Non_fossil_capacity_by_2030.pdf
https://www.pib.gov.in/PressReleasePage.aspx?PRID=1881484
https://unfccc.int/sites/default/files/NDC/2022-06/INDC_AFG_20150927_FINAL.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/NDC_submission_20210826revised.pdf
https://mujibplan.com/wp-content/uploads/2021/12/Mujib-Climate-Prosperity-Plan_ao-21Dec2021_small.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/Second%20NDC%20Bhutan.pdf
https://unfccc.int/sites/default/files/NDC/2022-08/India%20Updated%20First%20Nationally%20Determined%20Contrib.pdf
https://unfccc.int/sites/default/files/resource/NepalLTLEDS.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/Maldives%20Nationally%20Determined%20Contribution%202020.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/Pakistan%20Updated%20NDC%202021.pdf
https://unfccc.int/sites/default/files/NDC/2022-06/Amendmend%20to%20the%20Updated%20Nationally%20Determined%20Contributions%20of%20Sri%20Lanka.pdf

Present Planning Arrangements in South Asia (SA) to meet the Clean
||m Energy Transitions Plans & Net Zero Goals

*  Country level planning to meet the Clean Existing Arrangements are at Bilateral

Energy Transitions Plans and Countries' Level for Cross Border Grid Planning
energy security .

Procedure For Approval &

* Limited Integrated, Regional Planning t9 meet arra‘:;:ﬁz'tf:rfa'lﬁ‘ef::jy - Facilitating Import/Export
the scale of Net Zero & Clean energy Transitions vogue in South Asia to facilitate (Cross Border) Electricity by

Designated Authority (DA) also

CB Trade :
specifies such arrangements

goals collectively for regional energy security .

’ U
* Need for Coordinated, Complementary, T e —

Regional Electricity Generation & Transmission India-Bhutan, India-Myanmar, olniieshnical I%a.rp Transmission
’ 5 c . Nepal-Bangladesh ¢rT-m
Planning for optimal strategies to achieve goals. l l
e Desirable to have Regional Level Institutional Committees- JWG and JSC have
Network Platform in South Asia for facilitating beer! cons.tituted to carry out Joint Operation Committee (JOC)
/ 3 . discussions under these
regional planning & supplementing the
bilateral/formal efforts for long term sustainability.



IZ®» Recommendations and Way Forward



||m Five Point Recommendations and Way Forward

Develop A broad “ South Asia Plan of Action for Energy Cooperation and Roadmap* for coming five years.

Develop “ South Asia (BBIN) Electricity Generation and Transmission Master Plan (SAEG-TMP) “ to
achieve Clean Energy & Net Zero Goals and enhance cross border electricity trade in the most optimal, economical
and sustainable manner which enhances regional energy and climate security. ( to be updated and reviewed in every two year )

Create “ South Asia Network for Integrated Power System Planning and Operation (SANIPO) “ , a
regional level institutional network platform to facilitate regional power system planning, operation, capacity building,
knowledge exchange & facilitating/coordinating the development of SAEG-TMP as needed.

|. Act as a facilitator, advisor, shall aim to arrive at decisions through mutual discussions and consensus building.

2. Complement and supplement existing bilateral planning cooperation, planning under any existing
Intergovernmental regional institutions amongst countries in South Asia in the matters of Power System
planning and operation.

3. Power System Planning/Operation Institutions of SA Countries & professional as the members of SANIPO.

Consolidate the practices, develop “ South Asia Power System Planning & Operation Guidance Manual “.

SANIPO Annual Flagship Training Course on “ Integrated Regional Power System Planning and Operation “
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LTMS Project:Wheeling Charge Methodology

Wheeling charge comprised of a) transmission- the distance of the trade (megawatts mile); b) loss charge-a loss
charge (charged per megawatt hour); c) balancing charge (also per megawatt hour); and d) administrative
charges- a fixed administrative charge.

LTM PIP

Wheeling Charge

Transmission Charge |k 4 oss Charge . 8 Balancing Charge [
|
*  Cost of transmission system *  Cost per MWh of transferred . .
usage, which is based on energy . Cost per MWh for difference ° General costs mCIUdmg

scheduling, system control,
coordination, services, and
billing

MW-Mile concept energy between imported
energy from Laos and
exported energy from

Thailand to Malaysia

e Estimated from simulated losses
from importing and exporting 100
MW and forecasted system
marginal cost

! Source: Establishing Multilateral Power Trade in ASEAN, IEA, August 2019 (page 48)
Reference - IEA (2019), "Integrating Power Systems across Borders ", IEA, Paris, www.iea.org/publications/reports/integrati rossborders/
Source: Lao PDR — Thailand — Malaysia — Singapore on Power Integration Project (LTMS-PIP) related various sources , web link ~ weblink  web link web link



http://www.iea.org/publications/reports/integratingpowersystemsacrossborders/
https://www.erc.or.th/ERCWeb2/Upload/Document/Session1-3present.pdf
http://www.appp.or.th/imgadmins/document/09105940.pdf
http://www.bigconnectivity.org/beta/sites/default/files/2018-03/Session_1.5_Regional%20Power%20Market%20and%20Cross-Border%20Interconnections%20Training%20ADB%20Santisouk%20new%20(1).pdf
http://www.bigconnectivity.org/beta/sites/default/files/2018-03/Session1_1_171110-ADB%20WORKSHOP%202017-SEOUL%20ASEAN%20MULTILATERAL%20ENERGY%20TRADE%20V3.pdf

Existing and committed interconnections and
respective capacities (MW) in 2019

Democratic
Republic of
the Congo

Angola

Namibia

South Africa

Djibouti

Ethiopia

Uganda

Rwanda
Burundi

Malawi

Mozambique

Zimbabwe

Eswatini

Lesotho

Capacity
(MW)
Zambia - Zimbabwe [Zizabona] Livingstone-Victoria 400
Falls, 330AC
Kariba North-Kariba South, 330AC 1400
Tanzania - Zambia [ZTK] Kasama Nakonde-Tunduma 750
Mbeya, 400AC
ia - Uganda Masaka-Kyaka, 132AC/220AC 431
South Africa - Zimbabwe [Mozisa] Nzhelele-Triangle, 400AC 500
South Africa - Eswatini Mahamba-Normandie/Edwalieni- 1344
Camden, 132AC/400AC
Rwanda - Uganda Mbarara-Birembo, 220AC 363
ia - Zambia [Zizabona] Gerus-Sesheke, 400AC 650
Namibia - South Africa Kokerboom-Aries/Harib-Aggeneis, 241
400/220AC
Obib-Oranjemond-Gromis 400kV, 750
400AC
Mozambique - Zimbabwe [Mozisa] Inchope(Matambo- 400
Songo)-Orange Grove (Triangle-
Msoro), 400AC
Songo - Bindura, 400AC 500
- Zambia Songo-Msoro, 400AC 200
Mozambique - South Apollo-Songo, 533HVDC 1200
Africa Maputo (Motraco)-Arnot/Ressano 1386
Garcia-Komatipoort, 400AC/132AC
Mozambique - Eswatini Maputo-Edwaleni/Maputo- 1613
Edwalieni2/Matola-Kalanga,
400AC/400AC
Lesotho - South Africa Maboti-Tweespruit/Khukhuna- 217
Clarens, 132AC/132AC
Kenya - Uganda Bujagali/Tororo-Lessos, 400AC 400
Kenya - Tanzania [ZTK] Kenya -Tanzania (Isinya- 600
Arusha) 400AC
ia - Sudan Existing Sudan-Ethiopia, AC 200
ia - Kenya Ethiopia border-Suswa, 500HVDC 2000
DRC - Zambia Lumumbashi-Luano, 220AC 120
Djibouti - Existing Ethiopia-Djibouti, 220AC 180
Botswana - Zimbabwe [Zizabona] Pandamatenga-Victoria 400
Falls, 330/400AC
Phokoje-Insukamini/Francistown- 1630
Marvelm, 400/220AC
Botswana - South Africa [BOSA] Isang-Watershed B, 800
400AC
Gaborone-Kopfontein/Gaborone- 129
Spitskop/Segoditshane-KOFF,
132AC
Phokoje-Matimba, 400AC 420
Angola - Namibia [ANNA] Omatando-Xangongo/ 700
Baynes-Cahama, 400AC/400AC
Status
M Existing (as of 2019) B committed

EAPP and SAPP’s capacity mix until 2040 based on the
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respective master plans’ reference plans

EAPP Masterplan
"Main scenario”

Energy Source
Solar PV
I Solar CSP

SAPP Master Plan
"Benchmark Case"

B Wind

Hydro

Pumped storage
Biogas

Biomass
Geothermal
Natural gas

oil

& Coal

63.6

Nuclear



https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0
https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0

Comparison of the 2040 capacity share for EAPP’s “main” and SAPP’s "benchmark”

scenarios, with renewable scenarios; MW values in parenthesis

EAPP SAPP
Main Renewable Benchmark Realistic High RE sensitivity
Integration (SC4)

Biogas 0.1% (150) 0% (150) 0% (18) 0% (18) 0% (18)
Biomass 0.2% (452) 0.1% (452) 0.1% (81) 0.1% (141) 0.5% (727)
Geothermal 6% (15300) 3.9% (15300) 0.1% (200) 0.2% (200) 0.1% (200)
Hydro 20.5% (52 @38) 14.6% (57 153) 34.7% (48 745) 33.5% (42 462) 27.5% (42 390)
Pumped storage 0% (0) 0% (0) 2.1% (2912) 2.3% (2912) 1.9% (2 912)
Solar 0.2% (575) 0.1% (575) 2.7% (3746) 2.9% (3646) 12.1% (18 676)
Wind 0% (0) 33.8% (132 262) 21% (2994) 2.4% (2994) 11.9% (18 287)
Total RE share 26.9% 52.6% 41.8% 41.3% 54.0%

Coal
Natural gas
Qil

Thermal (exl. Coal)

Total thermal share

Nuclear

Others (waste and peat)

44.1% (112 073)
27.8% (70 710)
172902 955)
0% (0)

73.0%

0% (0)
0.1% (183)

19.4% (76 078)
27.2% (106 611)
QN7 (2A955))
0% (0)

47.4%

0% (0)
0% (183)

45.2% (63454)
10.3% (14 538)
3.5% (4 912)
0% (0)

59.0%

1.3% (1800)
0% (0)

45.3% (57 419)
10.3% (13108)
3.9% (4 924)
0% (0)

59.5%

1.4% (1800)
0% (0)

36.7% (56 520)
0% (0)
0% (O)
10.2% (15700)
46.9%

1% (1570)
0% (0)



https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0
https://www.sapp.co.zw/sites/default/files/Sapp%20Annual%20Report%202020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2021/Apr/IRENA_Planning_Prospects_Africa_2021.pdf?rev=c1dd70f9f5da4a0eafd87ed46c2e1fe0

Capacity mix for EU27 (including prosumer PV, Power generation mix for EU27 (including prosumer

hybrid and dedicated RES for electrolysis) PV, hybrid and dedicated RES for electrolysis)
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https://tyndp.entsoe.eu/explore/how-is-the-tyndp-developed
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/high-level-report.pdf
https://2022.entsos-tyndp-scenarios.eu/wp-content/uploads/2022/04/TYNDP2022_Joint_Scenario_Full-Report-April-2022.pdf
https://tyndp.entsoe.eu/explore/how-is-the-tyndp-developed
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/high-level-report.pdf
https://2022.entsos-tyndp-scenarios.eu/wp-content/uploads/2022/04/TYNDP2022_Joint_Scenario_Full-Report-April-2022.pdf

Evolution of average electricity demand and peak (including transmission and distribution losses) for EU27
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https://2022.entsos-tyndp-scenarios.eu/wp-content/uploads/2022/04/TYNDP2022_Joint_Scenario_Full-Report-April-2022.pdf

ASEAN Interconnection Projects Electricity ASEAN Interconnection Projects Electricity Import
Import (+) / Export (-) Balance in LCO Scenario (+) / Export (-) Balance in LCO Scenario
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https://bn.linkedin.com/posts/benisuryadi_request-for-proposal-to-develop-the-asean-activity-7029580368127135744-TRUN
https://aseanenergy.org/the-7th-asean-energy-outlook/
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