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Challenges of Island Electrification

Lagging Electrification in Off-grid Communities
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Most island countries could have achieved electrification, but have
been prone to risk due to high dependence to fossil fuel [1]

Most energy and power system analysis have focused more on
mainland countries and lacks investigation on offgrid island
communities.

[1] Salac, A. C., Castro, M. T., Aberilla, J. M. O., & Ocon, J. D. (under review). Sustainable energy in remote and island communities. In Elsevier Encyclopedia of Renewable Energy Engineering.
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Electrification in the Philippines
Why is it hard to electrify islands?

GLOBAL SOLAR ATLAS Search locations Map Sites v PVstudy Download Abouts Contact

GLOBAL WIND ATLAS | ENERGYDATA.INFO

The Philippines has fairly good solar resource -
potential [2] BUT: vt -

Philippines

2"d H > Area; 298170.00 km?
) The regional statistics of solar resource and PVOUT are calculated from long-term
'l averages based on the period from 1994/1999/2007 (depending on the region) to 2018,

e Geographical isolation of islands make it hard to o]
Distance B A < B h

Open detail Bookmark Share Reports Download

connect to the grid [3]
e Small market demand for expensive RE leaving

PHILIPPIN=S AREA INFO ~

Map data (min-max range)

them diesel dependent in most cases [4], e

. Direct normal irradiation DNI 1.96 — 4.93

e And more (lack of technical and management

Diffuse horizontal irradiation DIF 1.97 2.44

L] L] L]
S kl I | S ; | aC k Of a b | | |‘ty to pay ; etC . ) ] Global tilted irradiation GTI 3.68 — 5.73
- Optimum tilt of PV modules OPTA 5 21
ek Legend ~
QD:;:?T‘_‘?" s Air temperature TEMP 16.6 28.6
' A i ¢ &3 i

satelite @ PVOUT | T3 Show sites S —— o

Leaflet | PVOUT map @ 2025 Solargis, © OpenStrestMap

[2] Global Solar Atlas
[3] Bertheau, P., & Cader, C. (2019). Electricity sector planning for the Philippine islands: Considering centralized and decentralized supply options. Applied Energy, 251, 113393.

[4] Castro, M. T., Pascasio, J. D. A., Delina, L. L., Balite, P. H. M., & Ocon, J. D. (2022). Techno-economic and financial analyses of hybrid renewable energy system microgrids in 634 Philippine off-grid islands: policy implications on public subsidies and private investments. Energy, 257, 124599.




RE share (%) & investment (USD)

EIeCtrification in the Philippines oo s o o

<25%
. o ofo [ . s <350
Can we still electrify Phili Ine i1slands green’? 2 %
o @ 50 milion usD
. 100 million USD
NPC-SPUG EFFECTIVE RATES . 150 million USD
As of January 2024
a o b) - Transmission grid
EFFECTIVE RATES FOR ( } 4 - SPUG Gther r"j‘.-;.;-' ’: . o SPUG | Dther '@ ;
ELEC. COOPS. AND ERC APPROVED UCME RATES TOTAL o B — Operating
et —— EFFECTIVE 10000 - oy 10000 - & Planned
RATES (SAGR - :,.J )
New SAGR" Universal Charge for Missionary Electrification (UCME) +UCME)
BASIC tra : 1 y=3162278 i 00
TOTAL UCME 2 | TOTAL =
Cya0z4 ucme” TRUE-UP® far NPC RED-CI UCME i 100 - y=126724 .98 E 100 - e
3 > =4 ﬁ
a b c d=b+c e f=d+e g=atf E ¥ = 09786 o ';' 913238 e
14 PSP Areas (ERC Case 2004-449RC) = i £ ¥y =103893z ",.—ﬂ{? (@]
Mindoro 7.3900 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 7.6394 = 1A = 1 A =08388 e
Marindugue 7.3900 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 7.6394 w ~ B
Mainland Palawan 7.3900 0.1805 0.0672 0.2477 | 0.0017 | 0.2494 7.6394 :
Puerto Princesa I
Coron/Busuanga 0.01 - 0.0 ,.»'/
Catanduanes 7.3900 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 7.6394 . T T T Y T 01 T T T T T T
Masbate 6.8563 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 |  7.1157 0.01 1 100 10000 0.01 1 100 10000
Tablas 7.3900 0.1805 0.0672 0.2477 | 0.0017 | 0.2494 7.6394 f
Romblan 7.3900 0.1805 | 00672 0.2477 | 00017 | 02494 | 7.6394 Peak Load [kW] Peak Load [kW] 3
Bantayan 8.2582 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 8.5076 -
Camotes 8.2582 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 8.5076 [:l‘.‘) | o SPUG o Other o A {d) o SPUG o Other /,.-‘ ) v
Siguijor 8.2582 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 8.5076 H.-" i -
Tawi-Tawi 7.0215 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 7.2709 o o
Basilan 7.0215 0.1805 | 0.0672 0.2477 | 0.0017 [ 0.2494 7.2709 10000 + ’ 10000 + ﬁ
Sulu 7.0215 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 7.2709 i = 6‘6)0
Other SPUG Areas (ERC Case 2006-020RC : )
Other Luzon —_— o 0.43]';'.1" 3R e
= ¥
Group 1 6.5520 0.1805 | 00672 0.2477 | 0.0017 | 0.2404 | 6.8014 = 100 5 ) 3 100 + o
Group 2 7.3900 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 | _ 7.6394 =3 r=03112 2 y=1.134927
Other Visayas 7.6433 0.1805 0.0672 0.2477 | 0.0017 | 0.2494 7.8927 g — P = 09851
Other Mindanao 6.7072 0.1805 | 0.0672 0.2477 | 0.0017 | 0.2494 6.0566 T 1 a e
4 = o 14
"ERC Cecishon on ERC Case No. 2018048 RC dated 28 Seplember 2021 and promulgated on 31 Jausary 5022, Inplemnented on March 2022 %
“ERC Order o1 ERC Case Ho. 2052-014 RC (CY 2023 UG om 08 Seplember ,.. g an Inberim Refal of PO.1804AWh Basic UCNE and PO.O01T RE Developers Cash incantive E
;i e
;:Ir;:lfzzug:zltaﬁ? :3;: :4::3:-;9“::;; :.:e::llll:-:‘:u;:.‘,wzcaa;:.‘,:s;:::!:‘r;—:t:am 16 NPC started October 2022 and ERC Decislon on ERC Cane Moa. 2004-080 RE and 2018-008 AT dabed u 5 D‘] D’ : : . : . l U : Eﬂ -~ . : . : i I i
0.01 1 100 10000 0.01 1 100 10000 : .
Figure 25. Effective Selling Rate of NPC to its SPUG Customers as of January 2024
Peak Load [kW] Peak Load [kW] P -

Through the Universal Charge for
Missionary Electrification (UCME),
all consumers pay for the incurred
additional cost of off-grid diesel
reliance [5] when imported fuel
prices become volatile.

Isolated microgrid optimizations showed Optimal grid extension using bathymetric
that smaller islands <100kW peak load will ~ vs decentralized approach connected larger
still be diesel dependent since wind turbines islands to grid and but still leaves smaller
and batteries are too expensive for such islands to highly depend on diesel. [3]
scale. [4]

[3] Bertheau, P., & Cader, C. (2019). Electricity sector planning for the Philippine islands: Considering centralized and decentralized supply options. Applied Energy, 251, 113393.
[4] Castro, M. T., Pascasio, J. D. A., Delina, L. L., Balite, P. H. M., & Ocon, J. D. (2022). Techno-economic and financial analyses of hybrid renewable energy system microgrids in 634 Philippine off-grid islands: policy implications on public subsidies and private investments. Energy, 257, 124599.

[5] DOE Philippines, 2024-2028 Missionary Electrification Development Plan




Electrification in the Philippines
Hydrogen in the Philippines?

TOP STORIES CORPORATE STOCK MARKET BANKING ECONOMY THE NATION MARKETS OFINION ARTS & LEISURE Present
AGRIBUSINESS B-SIDE PODCASTS BW LAUNCHPAD HEALTH INFOGRAPHICS LABOR PROPERTY SPORTS TECHNOLOGY VELOCITY WORLD SPARKUP Q AWE-F.'"’ AWE-WT pE M EC-FV pEMEE-WT SG EE- F".F s{:l EE-WT
(6.10-7.45) (3.80 - 36.21) (6.64 - 8.03) (4.69 - 29.97) (10.35-12.55) (8.63-40.14)
SPECIAL REPORTS SPECIAL FEATURES SPOTLIGHT }hl" }l‘.‘ ;!‘U'
= i o i
Salar ' Ags " B s " fgs  Wind
1 B, L D W, o be
Storage, transportation named focus areas for e Yy Vi WXy
' - & -"d- 4 T -"d- ;
hydrogen dev't Y 7 il <
January 30, 2024 | 10:02 pm
2030 base
- Manufacturing PMI expands in June AWE-PV AWE-WT PEMEC-PY PEMEC-WT SOEC-PV SOEC-WT
= 10 A (5.06 - 6.10) (3.50 - 33.96) (4.71-5.63) (3.25-39.14) (6.45-7.81) (4.50-30.17)
frur i o
Solar = i = Wind
= r; i :‘-’l i 'y M ]
G Republic of the Philippines SO Db "0 p e wort
2 g ¥Rl - ¥y W2 =
SW. DEPARTMENT OF ENERGY Fa . FR 9
s ¥ ” b ”
DEPARTMENT CIRCULAR NO.
PROVIDING A NATIONAL POLICY AND GENERAL FRAMEWORK, ROADMAP, AND . .
GUIDELINES FOR HYDROGEN IN THE ENERGY SECTOR Production of green hyd rogen (from solar or wi nd)
WHEREAS, Section 2 of Republic Act No. (RA) 7638, as amended, or the “Department of showed sites with fair pote ntial for local IOrOd uction,
Energy (DOE) Act of 1992” declares it the policy of the State, among others, to ensure a .
continuous, adequate, and economic supply of energy with the end in view of ultimately however prlces va ry tOO mUCh across ‘the cou n‘try due to

S , , the islanded (non-grid) calculation approach [7].
The Philippine DOE published a circular on a hydrogen

framework in the energy sector early in 2024

[6] https://www.bworldonline.com/economy/2024/01/30/572203/storage-transportation-named-focus-areas-for-hydrogen-devt/
[7] Tubalinal, H. O. S., Castro, M. T., Alcanzare, M. T., Matienzo, D. D. C., Paraggua, J. A. D., Chuang, P. Y. A., & Ocon, J. D. (2024). Prospects of green hydrogen production in the Philippines from solar photovoltaic and wind resources: A techno-economic analysis for the present and 2030.

Renewable Energy, 235, 121286.




Hydrogen Fuel as a replacement for Diesel Fuel

in this case study, we ask...

Could a local grid-produced hydrogen market be a solution for a
less imported diesel-dependent off-grid island renewable
electrification?




PyPSA-PH Baseline Model

Data Resources

In this analysis, we took actual market demand Given these data, we built the model using PyPSA

data from trading nodes published by the in Jupyter Notebooks. We aggregated trading PyPSA-PH
country’'s market operator and built the power buses to the power districts identified by the GITHUB REPOSITORY
network following their updated simple line transmisison service provider to match it with the

diagram of the grid [8]. Offgrid data from [9] available data for future demand projection.

WWMM MMMM Network Line Loading and Generator Capacities
i B Biomass .

B Hydro

N Coal

Select Category ~ . 1
- - ROR -
i- M Er— Solar ]
- s wind 1
: i m Diesel

MARKET DATA

_ 4 i —F "
- M . M m B Geothermal
\WM -~ "“"'“, -
. I : /! o =
J ,_ ‘ -
= o s 'U,
- o Y " ] P — 4 g
r—— - T w1 - QU
L 7 . o [
el B - https://github.com/arizeosalac/
STE[EE] S (ol . ;'m,.,.....w., MW W’W 2 PyPSA-PH.git
""" = : == = = s |
2\, | NOEPENDENTELECTRGTT MARK [ Krauew | Evousco [ICOMOR|  SUSORENED |miun me W
@ et " oo S == _ B m W

[8] https://www.iemop.ph/the-market/market-data/

[9] Castro, M. T., Pascasio, J. D. A., & Ocon, J. D. (2022). Data on the techno-economic and financial analyses of hybrid renewable energy systems in 634 Philippine off-grid islands. Data in Brief, 44, 108485.




PyPSA-PH Baseline Model

Model Output Validation

Percent Generation Mix (Whaole Year)

2 October 2023

' l DAILY WESM SUMMARY

SUPPLY AND DEMAND

16,000

14,000

B Biomass 12,000
- Coal SUPPLY AND DEMAND AT 14:15
. Diesel = 10,000
B Gas =
== Geothermal SYSTEM LUZON VISAYAS x  aid
coal = Hydro g \
o SUPPLY, MW 15,000 12,651 2,350 S 6000
= Wind SUPPLY
N Battery 4,000

03:00 06:00 09:00

snapshot

LCOE per Bus (Stacked CAPEX/OPEX)

15:00 18:00 21:00

4000

3500

3000

2500

2000

LCOE (€/MWh])

=1
A
(=]
=

-- Mean LCOE: 157.88 €/MWh
N CAPEX
I OPEX

N Pump Hydro

—— H2 Store Charging
= Storage Unit Charging
— Total Load

ENERGY REQUIREMENT, MW 13,628 11,493 2,134

SCHEDULED RESERVES, MW 873 643

HVDC (+ IMPORT, - EXPORT), MW -47 -120

GENERATION MIX FOR TODAY

23.T%
NATURAL GAS

PLEASE NOTE THAT THE INFORMATION CONTAINED HEREIN IS NOT YET FINAL AND IS SUBJECT TO FURTHER
VALIDATION BY IEMOP

2,000
0

SCHEDULED RESERVES
M ENERGY REQUIREMENT

04:00 10:00 16:00 22:00

MARKET PRICES (HOURLY AVERAGE)

24,000
22,000
20,000
18,000
16,000
14,000
12,000
10,000

8,000

PESOS PER MEGAWATT-HOUR

6,000
4,000
2,000

PHP 23,731/ MWH

NH

PHP 4,329 / MWH

78910111213 14151617 18192021 2223

After solving the baseline PyPSA-PH model, we compare the generation
mix and average LCOE with the actual generation mix and average
market price published by the market operator, respectively.

The generation fraction of coal is the largest though quite underestimated by ~10%
which was taken by gas (overestimated by ~6%) and geothermal (overestimated by
~4%). Electricity market price difference is about 10Eur/MWh. [10]

[10] https://www.facebook.com/photo.php?fbid=762558975885876&set=pb.100063953410708.-2207520000&type=3




Future H2 Scenarios ON GRID
Scenario building

Network Line Loading and Generator Capacities

H2_load_projection = [1, 250, 500, 1000] # np.linspace(1l

scenario_name = "2040C02red0@" : f'm:ss
. Coal _
output_dir = f"results/{scenario_name}" :3;- _ [ 230
os.makedirs(output_dir, exist_ok=True) ;; gﬁd
I Diesel
nfigure scena I Geothermal
v for key in ran 200
v n_custom = project_netwdrk(
n=n.copy(),
y=2040, 150%
re_percent=None, E
co2_red=0, 5
add_gen_tech=["Solar", "Wind", "Coal"],
add_store_tech=["Battery"], -
H2_SU=True,
H2_S=True,
H2_p_set=H2_load_projection[key],
load_growth_factor=None) s0
solup_net(n_custom)
n_custom.export_to_netcdf(f"{output_dir}/PyPSA-PH_{scenario_name}

i i we proj i utur i i i
Using the baseline model, we project it to the future Each AC bus has been paired with a correspondin
u ing it wi i i whi ies. r
b dating it with the projected load, retire old H2 bus which holds the H2 assemblies. They are all
generation units, and add new extendable connected to a “main_H2" bus that holds the H2 load

generators and hydrogen assemblies / H2 production to suffice off-grid Hydrogen demand.

Reference




Future H2 Scenarios ON GRID

Q1: Will H2 have an energy storage / P2X2P role on the grid?

Based on the mOdeI, NO. Optimized Electrolyzer Capacity by Scenario

1750

—

Lol

o

(=]
L

1250

Since the capital cost requirement for a battery energy storage system is much less
compared to a hydrogen energy storage system assembly (fuel cell, H2 store,
electrolyzer), the grid favored BESS optimal capacity increases strongly with CO2red and

1000

750

Total Electrolyzer Capacity (MW)
(¥
=2
(=]

weakly with H2demand. Only electrolyzers and H2 storages were sized to fulfill the set H2 250
demand. 0 - . . :
P & o
& B B &
¥ & & o
4H ay W
Scenano
marginal_cost capital_cost Total Installed Battery Storage Capacity Total Installed Battery Storage Capacity
gas boiler steam 1.007000 5740.377982 120000 1
solar 0.010600 42964.843777
80000 A
onwind 1.314300 95631951255 g LOD000 s
ol 157523871  39582.339405 s =
£ 80000 - S 60000 4
coal 32.213321 337208.027448 ] 2
s ]
hydro 0.000000 182698.734592 > 60000 - =
geothermal 0.000000 26412.028127 £ £ 40000 1
e : 2 40000 A @
solid biomass boiler steam 2.867900 83748.123319 = T
2 - : R ® 20000 -
ror 0.000000 308170.371903 20000 -
battery storage 0.000000 70568.716996
Pumped-Storage-Hydro-store 0.000000 684825.980933 0- 3 0-
5 = S s < g 7 2 2 g
electrolysis 0.000000 150972.620665 2 8 S 3 S 5 & & A S
g G 3 o T 2 i g g £
(5| = ™~ (=4 [}
fuel cell 0.000000 193399.123456 & Q S o o Q I S I =
: : g 5 3 ; : : ; 3
hydrogen storage tank type 1 including compressor 0.000000 2835.920022 & o~ + o ™ <
constant H2demO for all scenarios constant COZ2red50 for all scenarios

Reference




Future H2 Scenarios ON GRID

Q2: Will it be favorable for the grid to produce H2 for offgrid or not, in terms of LCOE?

. . . Levelized Full System Cost of Electricity by Scenario
CO2red increases LFSCOE, H2dem may slightly decrease it e LCOE (e 714 5T

N CAPEX
I OPEX

200
Since the off-grid H2 demand is significantly smaller than the grid power
demand, negative effects on LCOE is usually minimal. At higher CO2red, H2
production uses cheap curtailable VRE power which increases capacity factor

of VREs lowering the LFSCOE. constant H2dem250 for all scenarios

160.18

150 -

Wh]

Levelized Full System Cost of Electricity by Scenario Levelized Full System Cost of Electricity by Scenario

21378

—e— LCOE [€/MWh] 215.03 —e— LCOE [€/MWh]
BN CAPEX 200 " CAPEX
200 1 e OPEX IE OPEX
175 -
160.83 160.48
150 1 150 -
: :
% : 125 -
() W
w o 100 -
o 100 - 8
S g
75 4
50 1 50 4
25 1
0- 0
g 2 9 0 0 o 2 0 2 0 S
o =) =} = o = . =
= ° o ! o = = =) ] =) !
5 g B g B e Fi o o o g
o 8 5 g S g A~ 3 o 3 o
8 O S Q S Q S O O O O
e - & 3 % & A e s
constant H2demO for all scenarios constant H2dem 1000 for all scenarios

Reference




Future H2 Scenarios ON GRID

Q3: How will the H2 supply-side market from the grid will look like?

H2 Cost increases with demand for all CO2red cases

This is expected. However, CO2redNone give lesser prices since coal is

unrestrained and could give more flexibility for VREs and avoid oversizing
them. ThUS, gives |OW€I’ electrcity and H2 prices. Avg Marginal Cost of Hydrogen Buses vs H2dem Scenario

-— @
320 ~
Average Marginal Cost of Hydrogen Buses per Scenario
270.97 /
250 241.28 —, 300 4
=
=
=
= ¥, |
= 200 A =
5 8 280 -
@, o
L £
= 1501 2
€ = 260
= o
s z
& 100 - ®
g —e— CO2redNone
Z 240 7 —e— CO2red0
—e— COZ2red25
30 1 —e— CO2red50
—8— (COZred75
220
—8— COZredl00
0 - T T T T
1-HZ2dem1 2-H2dem250 3-H2dem500 4-H2dem1000

HZdem Scenario

Scenario

constant CO2redNone for all scenarios

Reference




Future H2 Scenarios ON GRID

Q3: How will the H2 supply-side market from the grid will look like?

H2 cost could increase from CO2red0.72 before it drops at CO2red0.91

At H2dem250, it was observed that till CO2red0.72, the optimal price could settle
between 292 to 298 Eur/MWh since coal capacity is less restricted. However in any 3D Mesh: Avg Marginal Cost of Hydrogen Buses per Scenario Group

H2dem, when coal starts to reduce in size, flexibility lessens and the burden to
easily dispatch falls on battery and H2 storage capacities, increasing H2 cost.

Average Marginal Cost of Hydrogen Buses per Scenario

350 1 338.1840.4340.8837 gg41.1635.5340.87
B 328.21
= 320
304.19 =
300 | 292 6792.1090 85gg 9392 74 012974893 1203 &8 %
: 280.48 W
£ 310 —
= 9 =
= 2501 S s
% = 300 X
1 e
I & 3
2 200 [ir] o
O = 290 @
T o g
c
£ g o
S 150 - 280 =
o
& S
e
] 270
Z 100 4
50 4
0-H2dem1.0 &
COZred2g?
4-H2dem250.0 &
0- Mo &
(o] COZ2red@
*%09%09%02°.07%.03%0 %00 o Mo Mo o0 u% B B B (P (T 50 ° 0O M Scé;H2dems00
'L'ie'ﬁ‘;qjebom‘ebom‘2%112'601‘6601(%&01"6601"6601"2601 3601 e?dl- OrL(e' 0152'6.01 0 e‘b 6601 3601136 2’60112’601‘36(:’01-‘ &”G 686 redMone
Q TC.- TC.- ,.L.C- ?D fee .,jL 'E:r'c' ﬁ_.Cr ﬁ.Cr &*':’ ,b.C- .1 “l “l" .1 Cr Cr C.- C.- E-Fc' or 6-H2deml
scenario

constant H2dem250 for all scenarios

Reference




Future H2 Scenarios ON GRID
Q4: Will H2 lower curtailment of VREs on higher CO2red?

May happen at higher CO2red, but not that significant

Again, H2 demand considering already all islands is still insignificant compared to
total overall grid demand.

Curtailment of Variable Generators per Scenario Curtailment of Variable Generators per Scenario
o000 4  Carrier 70000 4  Carrier
Solar Solar
m Wind mm Wind
60000 | mmm Hydro 60000 | o Hydro
B ROR I ROR
50000 - 50000 -
£ £
= =
L] 2
+ 40000 4 = 40000
= c
w w
E E
o - T -
= =]
o Q
10000 A 10000 -
U T T T T
@ =] w7 uwy w (=] Q u =] u (=]
= E E ¥ = i 2 - < E =
= o~
S Q Q o o} 0 P o] o} o o]
U - h h Y v O 9 o ]
& o~ <+ X ~ h <+ wh
Scenario Scenario

constant H2demNone for alf scenarios constant H2dem 1000 for all scenarios

Reference




Future H2 Scenarios OFF-GRID

Microgrid Scenario Modelling

microgrid_id=273

microgrid = build_microgrid_network(
microgrid_id,
islands_df,

6.55%

Average Annual
Growth Rate

microgrids_df,

peak_load_df, .
norm_loadprof_df_1MWmore, j:;
norm_loadprof_df_100kw, “-‘&ﬁﬁg
norm_loadprof_df_100kWless, : :‘k,‘_j.lt
p_max_pu_normprof_df, , , T ..L".\\
solar_GHI_df, Luzon Off-Grid Ty
wind_speed_df, SO— il £ Jxé‘
existing_diesel capacity df, A
year=2040, SRANS
multload=1.0, A 3-. \'::i;‘:'\daf":!;;? :;
diesel_cost=(0.94%1.142/(0.010756)), # ‘\:«A‘?
H2_cost=250) None, ass| ,,i |
microgrid.optimize(soiuer_name=”qurmbi”}
Each microgrid was modelled and optimized using the 616 Mindanao Off-Grid
oo ° ° ° . Demand
Philippine Microgrid data from [?] for 2040. Since these are
smaller islands, no load growth was assumed at the moment For reference, the current total energy market for
with total market size of 254MW in 2018. Diesel cost was also Philippine off-grid islands is about 360 MW with 6.55%
assumed to be higher due to compounded transport cost. annual growth rate. [5]

[9] Castro, M. T., Pascasio, J. D. A., & Ocon, J. D. (2022). Data on the techno-economic and financial analyses of hybrid renewable energy systems in 634 Philippine off-grid islands. Data in Brief, 44, 108485.
[5] DOE Philippines, 2024-2028 Missionary Electrification Development Plan




Future H2 Scenarios OFF-GRID

Q1: How will the H2 demand-side market on off-grid will look like?

H2 Demand vs Suppy Curves

Maximum H2 buying price could range between 250 to 260
EUR/MWh 320 - /

After running all microgrids with varying H2 cost, the optimal H2
demand for the fuel cell component was obtained and plotted. T

300 - =

—8— Avg Marginal Cost (CO2redNone)

Avg Marginal Cost (CO2red0)
280 - —8— Avg Marginal Cost (CO2red25)
—8— Avg Marginal Cost (CO2red50)
—8— Avg Marginal Cost (CO2red75)
—e— Avg Marginal Cost (CO2red100)
260 —a— H2 Cost vs Demand

b

The demand curve intersected with the CO2red100 curve at
227.15782 EUR/MWh satisfying an H2dem of 91.81837 MW.

Value [€/MWh]

he second intersection is with the CO2redNone curve at
224.50489 EUR/MWh satisfying an H2dem of 97.0304 MW.

240 -

This can provide for more than a third of the market for offgrid
H2 demand.

220

1 1 I | I
0 50 100 150 200 250
H2 Demand (MW)
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Future H2 Scenarios OFF-GRID

Q2: Where will Hydrogen be produced and by how much?

Considering these two optimal scenarios:

Green H2 from the CO2red100 scenario is highly
generated at Central Luzon and Batangas area where
huge shipping ports were also located. This location is
also optimal as big off-grid islands like Palawan and
Mindoro are located.

The CO2redNone scenario allows H2 generation in the
Southern Mindanao area which could serve
southernmost off-grid islands of Tawi-tawi and Sulu
better.

Reference

COZ2red100, H2dem91.82
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Future H2 Scenarios OFF-GRID

Q3: What is the LCOE and COZ2red at off-grid as H2 transitions it?

Assuming the cost of H2 from the CO2red100 scenarion of 227.15782 EUR/MWh

Island Name [MG ID]: Mindoro [2]
_. Peak Load, kW: 52704.78
= Emission_tCO2/MWh_th: 0.065985
% o4 o5 o6
O
©
Z
5 Island Name [MG ID]: Tablas [2]
S o Peak Load, kW: 6414.30
- =, Emission_tCO2/MWh_th:  0.008191
= . I = Eei
g B
<
Island Name [MG ID]: Cuyo [S6]
e e Peak Load, kW: 676.04
54 Emission_tCO2/MWh_th: 0.00111

Reference




Future H2 Scenarios OFF-GRID

Q3: What is the LCOE and COZ2red at off-grid as H2 transitions it?

Assuming the cost of H2 from the CO2red100 scenarion of 227.15782 EUR/MWh

LCOE per Bus (Stacked CAPEX/OPEX)

Island Name [MG ID]: Mindoro [2]
Peak Load, kW: 52704.78
Emission_tCO2/MWh_th: 0.00074 (-91%)

Island Name [MG ID]: Tablas [2]
Peak Load, kW: 6414.30
Emission_tCO2/MWh_th: 0.000304 (-97%)

With Hydrogen Fuel Cells

Island Name [MG ID]: Cuyo [56]
Peak Load, kW: 676.04
Emission_tCO2/MWh_th: 0.000071 (-94%)

Reference




Takeaways

e Local hydrogen production can reduce diesel reliance and enable cleaner
energy for both grid and off-grid Philippine islands.

e Hydrogen is not competitive for grid storage compared to batteries and has
limited benefits even under high CO; reduction goals.

e Hydrogen becomes viable for larger islands with high diesel use, but
remains cost-sensitive and needs supportive policy to scale.




Recommended further analyses

Sensitivity analyses on capital and marginal fuel costs effects
Cost of transportation of Hydrogen
Shipping schedule

Conversion to other hydrogen-derived carriers (ammonia)

Considering Off-grid Demand growth
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Plots of Electrolyser and H2 Store SOC and Dispatch 1
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Plots of Electrolyser and H2 Store SOC and Dispatch 2
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Total Installed Capacity by Carrier for Each Scenario

Carrier
600000 | WM Battery
B EBiomass
B Coal
B Diesel
500000 + M Gas
P Geothermal
EEm Hydro
EEm Hydrogen
= 400000 1 gy Pump Hydro
= ROR
= Solar
& _
1]
U
200000 +
100000
ﬂ_
1-COZredNone 4-CO2red0D.35 6-CO2red0D.72 7-C0O2red0.82
scenario

Reference

8-C0O2red0.93




Supplementary Materials

Average Annual Generation by Carrier for Each Scenario
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CO2 Emissions by Carrier for Each Scenario
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Optimized Electrolyzer Capacity by Scenario
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Total Installed Battery Storage Capacity
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Things | want to show
Will Hydrogen ever have a role on Grid and Off-grid Island Electrification?

Philippine Island Realities

Q1: Why is it hard to electrify islands? Good solar resource potential but Geographical challenges and hard to connect to grid, small market demand for expensive RE leaving them diesel dependent in most
cases, and more (lack of technical and management skills, lack of ability to pay, etc.)

Q2: Can we electrify Philippine islands green? Microgrids via ISLA diesel still plays huge part (Castro) Microgrids vs Grid-connection (Bertheau and Cader), PH MEDP plans for 2050 and UCME offgrid is still
tied to grid by sharing the burden of high cost fossil fuel! we pay for price volatility of imported diesel fuel

Problem statement: Could we develop a local market for hydrogen to power grid and off-grid islands and reduce their diesel fuel dependency?

PyPSA-PH Model structure and validation:
Q1: How was the model built? Sources of Data (baseline from 2023 IEMOP),
Q2: How does the model validated? Capacity Mix, Generation cost

Future H2 scenarios at varying COZ2red levels ON GRID

Q1: Will H2 have a role on the grid in time shifting/storage? NO market on grid since bateries are more cheaper in static storage! Show scenarios CO2red levels and H2 production for offgrid (None to 0 to
1000MW peak), only production, does not favor fuel cell building on grid, instead higher batteries (confirm) as coal decreases in increasing CO2red

Q2: Will it be favorable for the grid to produce H2 for offgrid or not, in terms of LCOE? Run H2demNone at all CO2red levels for comparison and compare LFSCOE average for all scenarios, for extreme cases
it will increase LMP for AC at buses a little by i think 10Eur/MWh as it approaches CO2red1.0 (that will be the cost of coal that they need to pay to use coal - LMP)

Q3: How will the H2 supply side market on grid will look like? Show the curves of prices vs production as shown on 3d plot but make it 2d superimposed

Q4: Will H2 lower curtailment of VREs on higher CO2red? Show plot of curtailment vs without demand

Future scenario of H2 in Off-grid

Q1: How will the H2 demand side market on off-grid will look like? show total peak demand total market size, Show prices vs demand for H2 from run, put cost assumptions for fuel alone and disclaimers
Q2: Which island peak load size will benefit and which will not? Calculate percentage MW demand wrt to peakload island or with diesel average MW capacity.

Q3: What is the LCOE and CO2red at off-grid as H2 transitions it? Calculate for representative islands (case studies due to lack of time)

Q4: Sensitivity analysis on capital and marginal fuel costs effects? What could be the effec? only predict especially wrt to status quo and CO2red

For development and recommendation:
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