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Objectives and key stakeholders
Kick off in August 2021

Power sector » Load Forecast and Network Analysis
analysis for » Least Cost Generation Expansion Stakeholder Engagement role
VRE and EV » Operational Simulation - Dispatch Analysis
integration » Capacity Impact of EV Load on Network World Bank Group SRMI - ASPIRE - ARISE
Ministry of Nodal agency for WBG investment
> Techno-economics of EV transition Environment, Climate | plans
» Potential adoption scenarios Change and
» Policy framework & financing strategy Technology (MECCT)
s*Electric bus . . .
Assessment SElEr AleE T G Maldives Transport Public transport services - buses,
of Electric #Diesel-electric hybrid ferries and Contracting ferries etc.
Mobility <Micro-mobility Company
Potential %Grid impact (MTCO)
:;:E;:),:'ecrfzwcah:;?r:gg infrastructure STELCO State owned integrated utility
<*Rooftop PV generation for EV charging providing energy services in greater
Male region
FENAKA State owned integrated utility
Scenario providing energy services in Addu
planning to » Scenario modelling with baseline and RE
achieve Net capacity additions through 2030
Zero by 2030

Battery value chain localisation




Background: Maldives primary energy mix and sectoral breakdown of GHG

emissions

Updated Maldives NDC (2020) aims to reach net-zero by 2030 with support and assistance from the

international community

Transportation and electricity generation accounted for 60% and 34% of energy use vis-a-vis emissions

respectively in 2019

Renewable power generation, energy storage and electric mobility are the principal pathways for

achieving net-zero emissions in Maldives

Total Energy Supply by Fuel. Year: 2019

Unit: Terajoules

Electricity & Heat: 0.3 %

BIGEE]S% WS 0926~ Retail price Min. (USD | Max. (USD
of electricity | / kWh) / kWh)
Domestic 0.10 0.28
Commercial 0.21 0.43
Government | 0.21 0.28
Institutions
Solar PPA ~0.10 (ASPIRE)

0il: 99.1 % pr|Ce

Source: UNSD
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Source: STELCO; 1 MVR = 0.065 USD; World Bank

Energy use vis-a-vis emissions in Maldives
2019
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Summary: Financing potential for supporting EV transition in Maldives

» Integrated approach towards EV and energy transition investments will drive long term value and net-
zero emissions

. . . Rooftop PV o -
Iltem Unit Soligrerli:csztrlc Elle;fildefl:rcrtire'g Electric buses generation at RELS irlr:;b'"ty
y MTCC terminals P
Fleet size No. 13 3 53 s elaaie
bikes
No. of routes No. 3 3 12 15 hubs
Solar PV installed
capacity for zero kWp 1307 94 1763 776
emission operations
Loan component USD Million 9.77 1.10 12.08 0.94 0.69
Sl o) USD Million 1.29 0.13 4.79
component
Ul MO USD Million 11.07 1.23 16.87 0.94 0.69
potential
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1. Key findings and learnings for SIDS: Charging strategy for public EV fleets must
ensure minimum disruption in operations and minimum curtailment of peak solar generation

Idle Hours Operational Hours Idle Houfs

Peak sunshine hours Peak hours

\
[ |

Peak hours

Slow charging No charging Fast charging No charging Slow charging
_ E-bus load in E-bus load in
Grid Impact sunshine hours non - sunshine hours
0, 0,
E-bus charging profile for Route 1: Carnival (Male’) — Hulhumale 2500 ﬂ, . L4% -
120% —— 320
2000
= 100% -
S 240 ’EE
o 80% =< -
[s) x 9 = 1500
N 60% , 160 < 8 =
P I o e E
5 S
E 40% 80 %g S 1000
0 20% [ o
- : 1
cNeolNeololNolNoNololoNoloNoNeoNololoNeoloNoNoNoNolNolNe]
O OO O OO oo O O OO OO0 000O0OO0oOO0oOOoOo
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OO0 000 dTddddddAdddNNNNOOOOO 0
= Battery (SOC) % = Cummulative motor consumption (kWh) 888888888888888888888888
= Cummulative grid draw-in (kwh) Grid Impact (KW) cCocoocodddAdddddddNaNNNOoOooOooo
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2. Key findings and learnings for SIDS: Techno-economics must consider route specific

attributes to derive energy profile and technical design parameters for EV transition planning

Values Unit
Route Male - Villingili -
Trip length 3.35 km
Total trips/ferry 17 #
Speed of E-ferry 18.5 km/hr
Trip time 11 min
Docking time variable min
Motor power 106 kW
LFP Battery capacity 200 kWh
e | 2030 |y
SGOeIr;:eLa:\l,on by Solar PV on low 37.5 (10%) Wh/day
Avg. energy per trip 17-19 kWh/trip
Grid energy requirement on 204
average solar day — kWh
Grid energy requirement on 320
low solar day = kWh
LFP Battery C-rating 0.5 C
|,
Lower SoC limit 20% %
LFP Battery energy density 100 Wh/kg
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Average solar generation Route-2

350.0

—_

e

;300.0

4

< 250.0

>

<)

5 200.0

b .

c

w 150.0

95)1000

2 .

0

o 50.0

<

0.0 Z

O 0000000000000 0000000Q000000000000Q00Q0 QO
O MO MO MO MO MO MOMOMOMOMOMNOMOMOMOMOMNMO®MOMNO MY
B OO OKNOWGOWBD OO AdNNDBNMITITODNDOONNGG®OBD SO ddNNG® S
O 0O 00000000 dddddddeodddeoddddd e dddd NN NNNNNNO

Time of the Day

e— Battery SoC (kWh) Solar Generation cummulative (kwWh)

Motor cumulative (kWh)
===@=== Charging from grid cumulative (kWh) <<+ Battery SoC (%)

Low solar generation Route-2
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3. Key findings and learnings for SIDS: Grid impact from charging solar electric ferries
is a factor of daily total distance travelled and solar resource availability

Max charging load on Average solar day Max charging load on Low solar day
1200 | < 32% > | < 68% > 1400 | < 43% > | < 7% >
I load in sunshine hours | I load in sunshine hours |
1000 1 1 1200 I .
— I | — 1 1
E 800 | E 1000 | i
° ' T 800 ' |
S 600 | S) | |
5 | & 600 1 1
= | 9 I |
§ 400 1 § 400 I I
200 : 200 : :
0 I B I 1
888888883838 R3S83S83383333838383383383883883883888 8 8
888855888889 050d8859988558893Q88888888 g 9
Time of the Day
Route-1 (3 ferries)  mRoute-2 (8 ferries) Route-3 (2 ferries) Route-1 (3 ferries)  mRoute-2 (8 ferries) Route-3 (2 ferries)
Route-1 Route-2 Route-3 Total
Total Ferries 3 8 2 13
Total annual grid energy (kwh) 5,29,769 9,15,255 3,11,908 17,56,932
Peak load on grid (kW) 428 800 200 1,228
Solar DC capacity required to meet the excess demand (kW) 332 574 196 1,102
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4. Key findings and learnings for SIDS: Coordinated charging induced from time-of-day tariff
incentives can help optimise battery storage requirement in power system capacity expansion

Greater Male: BAU case dominated by home charging
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Addu: BAU case dominated by home charging
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Addu: Coordinated case dominated by Public charging
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5. Key findings and learnings for SIDS: Cumulative grid impact from EV transition planning
in Greater Male and Addu grids

Total grid load on Greater Male - Coordinated charging Total grid load on Greater Male - UnCoordinated charging
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6. Key findings and learnings for SIDS: Rooftop PV generation at bus/ferry terminals
can support affordable access to renewable energy for EV fleet charging

. - } Annual Generation Potential 6. Minibus Parking Design Studio (thesolarlabs.com)
MTCC Site description AC capacity (kWp) (Million KWh) > e
Keyligematha Bus Terminal 60 0.11 2. Henveyru Ferry Terminal
Design Studio (thesolarlabs.con
Henveyru Ferry Terminal 100 0.20
Hulhumale Ferry Terminal 150 0.26
Mafaanu Bus terminal 120 0.22
Mafaanu Ferry Terminal 40 0.08
Minibus Parking 120 0.22
Thilafushi Ferry Terminal 30 0.05 . .
Villingili Ferry Terminal 50 0.10 i Keyligematha Site
Total 670 1.25 Design Studio (thesolarlabs.com)

> Access to affordable round the clock solar / hybrid electricity is
fundamental to accelerated zero-emission EV transition

» Grid banking of solar power generation can complement any coincidence
mismatch in PV generation and EV charging patterns

3. Hulhumale Ferry Terminal 4. Mafaany Bus Terminal 5. Mafaanu Ferry Terminal 8. Viligilli Ferry Terminal
: ; : Design Studio (thesolarlabs.com) Design Studio (thesolarlabs.com)
Design Studio (thesolarlabs.com) Design Studio (thesolarlabs.com) ™ - > .
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https://app.thesolarlabs.com/stage/95c85430-0555-4b8b-8f81-064b09f0d2be
https://app.thesolarlabs.com/stage/ddfc2372-f563-44f4-ae9a-ce7e062a5d75
https://app.thesolarlabs.com/stage/83f05cff-8663-4dea-8c5d-0e631266bc41
https://app.thesolarlabs.com/stage/d8869acc-d041-4037-9164-696d52f9af77
https://app.thesolarlabs.com/stage/d0a365e2-98af-4b30-873f-81345c112993
https://app.thesolarlabs.com/stage/e3e3d882-21d4-4457-aaeb-f7154d0c6bad
https://app.thesolarlabs.com/stage/90cb483a-0301-4066-a715-5391199264c8
https://app.thesolarlabs.com/stage/9dc410fd-4738-4eec-84b8-efca3a18bd1b
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