a5 . ] . | g
7"4':' powered by @esa in partnership with R ADB Case study by . \/lDA tmﬂm @ esa

GDA

This is not an ADB material. The views expressed in this document are the views of the author/s and/or their organizations and do not necessarily reflect the views or

ion
policies of the Asian Development Bank, or its Board of Governors, or the governments they represent. ADB does not guarantee the accuracy and/or completeness of
the material’s contents, and accepts no responsibility for any direct or indirect consequence of their use or reliance, whether wholly or partially. Please feel free to
contact the authors directly should you have queries.

Planning Energy Access from Space:
Geospatial Modelling for Grid Expansion (Papua New Guinea)

A case study with ADB under ESA’s GDA Clean Energy Programme

Malin Sophie Fischer ( )
Fred Ramos (ADB)

ABD Knowledge Sharing Series: Infrastructure Planning from Space
July 22, 2025

e == (e IO B - Ve - - WO, W g 2z + [ i » THE EUROPEAN SPACE AGENCY


https://vida.place/solutions/people-centric-infrastructure

Agenda

#7: esa

GDA

1. Setting the Scene \
2. How Our Approach Works ?O o
3. From Planning to Action: The Workflow
4. Live Demo: The Platform in Action 2 mmgm
5. Spotlight: Island Electrification Planning * o e
in Micronesia : w
6. Your Questions ’
= = D EE R PESEEIESSESENMEBEBEN NP + — 5= = 7= 1 > THEEUROPEAN SPACE AGENCY



Setting the Scene: PNGs Electricity Sector

PAPUA NEW GUINEA

Electrification rate today: < 20 %

- 900 MW of installed generation capacity:
hydropower (42 %), diesel (41 %), gas fired (12 %), geothermal (5 %)
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* Across three main grids and many smaller grids

Electrification targets:
 Increase electricity access to 70% by 2030, and 100% by 2050
* 100 % renewable energy by 2050

Challenges:

*  Provincial centers are entirely powered through expensive and
polluting diesel generation

+ Difficult to reach rural population with grid extension due to

mountainous terrain and geographical dispersion
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Setting the Scene: Wewak’s Grid Access

+  Wewak: Provincial capital of East Sepik, around 30,000 inhabitants
- Powered by isolated mini-grid:

* Operated by PNG Power Ltd. - PPL

: Wewak Town,
ovincial capital of East Sepik

* Current peak load: ~3.1 MW
» Fully reliant on diesel (20,000 I/day)
* Aging network (built 1960s) with high losses and low reliability

« ADB & European Union are preparing support to the Government and PPL
on rehabilitating and upgrading infrastructure incl. solar & battery system

* Potential to connect many peri-urban and rural areas

- Connection to this case study
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Setting the Scene: Case Study Overview

Extraction of Energy Techno- Interactive
settlement demand economic map
information estimation modelling platform

+  Objective: Assessment of grid extension feasibility towards

the south-east of Wewak along the coast

*  Method: Techno-economic modelling in combination with
geospatial analysis, incl. usage of satellite imagery
- Potential combination with additional analysis,

e.g. on climate vulnerability / natural hazards “ Electricity access i
¥/ Existing MV grid (partially - ® :
e Qutcome: inactive) ; Mm@ﬂ @
« Detailed mapping of potential extension area ® 2w *u,r-@
« Extension feasibility, required investment, impact v Proposed MV grid ®.
. o (previous study)
* Interactive map-based online platform o ' @@
@ 22kV

-> Data-driven financial & technical planning, lower survey costs,
stakeholder alignment, scalable & transferable
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Workflow: Building & Road Detection from Satellite Imagery

GDA
Building & Energy Techno- Interactlve
road demand economic
detection estimation modelling platform
- Background: Information on number and location of buildings & Wewak
and roads are essential for extension analysis ®p?
® Fhan
—> open data is incomplete, free images are outdated ® %ﬁzm 5 > Potential grid extension area
* Objective: Complete and up-to-date inventory of buildings and - @ s
roads without on-ground surveys ‘ 5 .
* Method: Satellite imagery analysis g T ,‘" g, @ S
- Nov 2024; 50 cm resolution; funded by ESA 4 ‘i . m'%
— Combination of Machine Learning & manual drawing S Gl
DR @ L ¥
- Result: 2,822 buildings (open OSM data: 1,530) & =
24 km additional roads % 3
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Workflow: Building & Road Detection from Satellite Imagery ‘)’ﬁ"/,:' @esa

GDA
Building & Energy Techno- Interactlve
road demand economic
detection estimation modelling platform
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Open data-(OSM) New data (based on satellite imagery)
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Workflow: Other Data Collection

Energy
(c)::)rlilirc(tjiztr? de_mar]d
estimation

Additional relevant spatial data:

Techno- Interactlve
economic
modelling platform

Education & healthcare facilities (OpenStreetMap)

- 5 primary schools, 1 community health post

Nightlight areas as electrification indicator

(VIDA'’s GridLight algorithm using NASA nighttime imagery, 2024)
Armed conflicts (ACLED) & regional agriculture (MapSPAM)
Resources & landscape: Flood risk, rivers & lakes, land use, elevation,
PV potential, other points of interest

Potential for further complementation with e.g. natural hazards & climate data

Nightlight 2024 (VIDA)
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Workflow: Settlement & Section Delineation

oY o

4
GDA

: @oesa

Settlement Extraction of
& section settlement
delineation information

Energy Techno- Interactlve
demand economic map
estimation modelling platform

Settlement delineation:

« Objective: |Identify settlement boundaries to consider for potential

grid extension

* Method: Building density-based clustering algorithm
& manual refinements

- 17 settlements with 45 to 247 buildings

Section delineation:

- Objective: Identify sections along potential grid extension line to
provide aggregated analysis

*  Method: Manual drawing based on settlement proximity

-> 4 sections
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Settlements (red) & sections (black)
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Workflow: Extraction of Settlement Information
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Extraction of settlement characteristics by “overlaying” collected map layers

< Back

Forok #2

O -3.6279,143.7644

Small 209 buildings  Section 2

Other data

collection

>

section
delineation

Settlement &>>

Extraction of
settlement
information

Energy Techno-
demand economic
estimation modelling

2

Interactive
map
platform

4

< Previous site

Next site >

/ ©

Settlement statistics

Name

Section

Province

District

Built-up area coverage
Number of buildings
Large buildings

Medium buildings

Small buildings

Very small structures
Households

Population

Site data

Forok #2
2  Section2

East Sepik
Wewak
229 %

209 small settlement

®

Name  Forok Elementary School

.
Amenity

-

2V

1]

-

Fit map to location
¢ B U I

school

M

Infrastructure

Healthcare facilities
Education facilities
Main road access?

Distance to the main road

Energy access

Shows light at night?
Nightlight coverage

Distance to nightlight

Distance to existing MV lines

Distance to proposed MV lines

Potential PV production

No
0% Small

5.3 km
5.6 km

Medium distance to existing MV line
0 km Close to proposed MV line

1,421 KWh/kWp

Agriculture indicators (district)

Top five dominant crops

Total agricultural area
Total crop value
Total crop yield

Total crop value per hectare

Armed conflicts (2022-2024)

Fatalities within 25 km
(battles:riots:violence against
civilians:explosions)

Fatalities within 50 km
(battles:riots:violence against
civilians:explosions)

Total number of incidents within
50 km

Security risk

A

temperate fruit, yams, other roots,
cocoa, rest of crops

322 ha

687,515 $/year

114,700 kg/ha

2,133 $/ha
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Workflow: Energy Demand Estimation
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GDA

Settlement & Extraction of Energy
section settlement demand
delineation information estimation

Techno-
economic
modelling

Interactive
map
platform

Settlement-level energy demand estimation:
—> based on national data & additional assumptions
* Household consumption
*  Small & medium buildings: 750 Wh/day
» Large buildings: 1,000 Wh/day
+ Education facilities (primary schools): 3.4 kWh/day
- Healthcare facilities (health post): 7.9 kWh/day
* No additional demand from e.g. businesses, mobile towers, productive
uses due to lack of information / lower relevance in rural context
- Could be customized in the future
- Potential additional demand from nearby buildings outside of settlement

Grid extension - Network planning

Estimated number of connections 174

Energy demand: Households

131.8 KWh/day

Energy demand: Health facilities 0 kWh/day

Energy demand: Schools

Energy demand: Total

Length of basic LV network

Length of MV connection

3.4 kWh/day
135.2 kWh/day
6.1 km

0.956 km
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Workflow: Techno-Economic Modelling

2B ) EE)

Extraction of
settlement
information

Energy Techno-
demand economic
estimation modelling

Interactive
map
platform

Objective: Evaluate the techno-economic viability of grid extension at both
a settlement and section level, and required investment.

Geospatial Network Design:
- Medium Voltage: Along main roads connecting settlements
- Low Voltage: Connecting each building
- Cost Estimation: Based on network, connections, local assumptions
- Revenue estimation: Derived from customer base, projected
electricity demand, and national electricity tariffs.
- Cost-Benefit Analysis: Compare estimated costs and projected
revenue to derive payback period and potential subsidy amounts.
- Additional & standalone connections: Identify potential additional
customers and remote households to connect with standalone systems.

-
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LV ﬁétv&mrk de

MV network design

Dagaviat

sign‘

3

6

550

63

177

427.9

48

Standalone Energy Demand (kWh/day) 133
MV Length (km) 10.62
LV Length (km) 2492
MV Cost ($) 1327625
LV Cost ($) 507453
i 349938

73105
181
66138
69
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Workflow: Platform Live Demo }“'/f,:' @esa
GDA

Settlement & Extraction of Energy Techno- Interactive
section settlement demand economic map
delineation information estimation modelling platform

[ﬂ Papua New Guinea - Wewak Grid Extension v 2. Invite P Report an issue

Q Search map, coc
Layers

G Papua New Guinea - Wewak Grid Exten... m %

ESA GDA Clean Energy // ADB
Q Search layer

e crous v Infrastructure
17 sites + Add sites 4 Export T T P / Roads (OSM extended based
EON A on satellite imagery)
Q Search sites Section ™ v m F s L e 5 7“1‘:’0”5'-”«“3‘\""%‘. not
‘\‘) > Buildings (based on

Mandi ®)
@)
Section1 247 buildings h)

Live Demo

Interactive map-based online platform (powered by VIDA)

satellite imagery)

Forok #3 & P Nightlight areas (2023/2024)
Section2 79 buildings (e “fg). .
e Q3 X v Grid Extension
y L ~0 X
® o > .~ Proposed MV route
Forok #2 &
Section2 209 buildings Proposed basic LV network
Buffer zone for potential
@ ‘r additional cor‘mecuonS (200m)
Forok #1 i Potential additional
O . Section2 63 buildings + connections
= "
S| - >
emle Water resources
5 < A
Dagawat L DU D <3 > Other
(] Section2 149 buildings T
< I o™ > Global base la
® mapbox
&
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Workflow: Platform Live Demo

77 oesa

O Papua New Guinea - Wewak Grid Exten... m %

ESA GDA Clean Energy // ADB

Settlement &
section
delineation

Extraction of
settlement
information

Interactive
map
platform

Techno-
economic
modelling

Energy
demand
estimation

> X

Overview page

[ﬂ Papua New Guinea - Wewak Grid Extension v

. Invite P Reponanlssue (0] QV

Q Search map, coordin
Layers

Q Search layer

Site list Groups
0 v Infrastructure
17 sites + Add sites L Export PP £ / Roads (OSM extended based
0N A on satellite imagery)
ol
Q Search sites Section ™ v m R 2 et €
v ( )
; (o) . -
Mandi \ ! Buildings (based on
andi ~
Section1 247 buildings satellite imagery)
RS Buildings
¥ ( \
o A9 (OpenStreetMap)
Maur MverREHT “ R TN
Section1 144 buildings DUD(a] r' NN l}g"ﬁ'l © Education facilities
/ ntigm |t\ © Healthcare facilities
\
Musangun © 51;\,!"k v Electricity access
Section 2. Q2108 tﬁ ‘ >/ Existing MV grid (partially
oy inactive)
%
Forok #3 A Nightlight areas (2023/2024)
Section2 79 buildings
v Grid Extension
©) )
= @ > " Proposed MV route
Forok #2 A
Section2 209 buildings Proposed basic LV network
Buffer zone for potential
‘rij additional connections (200m)
Forok #1 7 Potential additional
Section2 63 buildings connections
> Water resources
Dagawat Fit map to workspace > Other
Section2 149 buildings
< I o™ > Global base la
i | || | Nz — Ca—
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Workflow: Platform Live Demo

IMUsSangu o Y
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Sections

Section

Settlements

Grid Extention Connections

Additional Connections

Standalone Connections

Grid Extention Demand (kWh/day) 333.2
Additional Energy Demand (kWh/day) 55
Standalone Energy Demand (kWh/day) 65
MV Length (km) 9.79
LV Length (km) 20.86
MV Cost ($) 1223875
LV Cost ($) 424689
LV Connection Cost ($) 276769
Grid Extention Electrification Cost ($) 1925333
Once-off Conneciton Cost ($) 41123
Daily Tariff Collection ($) 101
Yearly Tariff Collection ($) 37040
Payback Period (years) 65

B

delineation

Settlement & Extraction of
section settlement
information estimation

Energy
demand

2

Techno-
economic map
modelling

Interactive

platform

< Back

Turubu

¢ -3.6601,143.8136

Section 3 158 buildings

Site data

Grid extension - Network planning

Estimated number of connections
Energy demand: Households
Energy demand: Health facilities
Energy demand: Schools

Energy demand: Total

Length of basic LV network

Length of MV connection

Grid extension - Financial Costs

LV Line Cost

MV Line Cost

LV Connection Cost
Total Cost

Cost per Connection

.

Settlements

Previous site Next site

J @

. 1
\, .
\ .
12 N
. > ~
84 kWh/day % %
0 kWh/day 5 « om
) R Y
3.4 kWh/day to « 44
»
87.4 kWh/day .’

41 km .

1711 km Y

Amenity

> .0
¢ \ D

83,842 . e \3‘

213,875 $ e

71,260 $

368,977 $ Fit map to location

3,294 $

Name  Turubu Primary School

© e B0 O

Settlement statistics

Name

Section

Province

District

Building density
Number of buildings
Large buildings
Medium buildings
Small buildings
Very small structures
Households

Population

Infrastructure

Healthcare facilities
Education facilities
Main road access?

Distance to the main road

Current energy access

Shows light at night?

Nightlight coverage

Distance to nightlight

Distance to existing MV lines

Turubu

3 Section3
East Sepik
Wewak
251%

158  Small settiement

Grid extension - Financial Returns

Once-off Connection Cost 6,547 $
Daily Tariff Collection iGN
Yearly Tariff Collection 5943 %

Payback Period 61years

Additional Connections (within 200m of MV/Settiements)

Additional Connections 6

Additional Demand 4.5 KWh/day

Agriculture indicators (district) VRN
No Top five dominant crops temperate fruit, yams, other roots,
0% Smat cocoa, rest of crops

Total agricultural area 322ha
1.9 km

Total crop value 687,515 $/year
11.8Km  Far from existing
Total crop yield 114,700 kg/ha

Total crop value per hectare 2,133 $/ha

Armed conflicts (2022-2024)

Fatalities within 25 km
(battles:riots:violence against
plosions)
vithin 50 km

violence against
civilians:explosions)
Total number of incidents within
50 km
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Spotlight: Island Electrification Planning in Micronesia

Similar approach, different application: Least-cost Electrification Planning for Islands across Micronesia

- Mapping population, identifying optimal electrification technologies, estimate required investment - save survey expenses

Micronesia (Chuuk)

ESA GDA Clean Energy

31 sites

Q Search sites

Weno
3,773 Buildings
5 settlement/s

Tol
1,453 Buildings

18 settlement/s
Udot

708 Buildings

9 settlement/s

Groups

+ Add sites

Numberof ... ¥ v

holds 13,850 people
Not applicable

512 households 4,579 people

Mini-grid and Solar home systems

240 households 1,680 people

Not applicable

| @ Micronesia (Chuuk) v ‘

oo

2. Invite P Report an issue

Layers

Q Search layer Add layer

LuLauuiis CenuuiusS

¥/ Locations hulls

Settlement hulls

/ Area of interest - Bounding
box

v Satellite imagery

Satellite imagery (2023/2024)

Satellite imagery & analysis
extents

v Administrative boundaries
paliti

v Infrastructure

o @

< Back

Fanapanges
O 7.3546, 1516665

270 Buildings 130 households
Mini-grid and Solar home systems

Energy demand

Residential demand
Commercial demand
Commercial demand - Source
Healthcare demand
Education demand

PUE demand

PUE package

Total energy demand

Suggested electrification

Previous site  Next site

672people 3 settlement/s

234 KWh/day

5 kWh/day

Connection per 80 households
3.5 kWh/day

7 kWh/day

77 kWh/day

Package 2 | 101-200 Households

326.5 kWh/day

Suggested electrification technology 7~

Mini-grid and Solar home systems

Region Faichuk
Name Fanapanges 1 |
Households

Population

Buildings

Health facilities

Education es

Nightlight overlap (%)

Distance to nightlight (km) 291
Electrification tehnology ~ Solar home systems |
Electrification cost (§)

Connections

Buildings per household

People per household

Landslide risk

Polle
M 588 Buildings 210 households 1,498 people
11 settlement/s  Mini-grid and Solar home systems
J

- o technolo
>[I Buildings - satellite image =
Lekinoch fopen data Electrificati t
333 Buildings olds 854 people strTication costs
s Buildings - open data Connections 134 il o & i6cs =
map to locatior
/ Roads - satellite image & open Total electrification cost 785,000 $ . =
data
Nama e 0
e d . _—
313 Build 108 h Ids 676 people 1 settlement X
uildings )8 households people settlement/s Fit map to oo ) )
Mini © Education facilities
Healthcare fagilitie
< g om [+
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Your questions!

[ [ Papua New Guinea - Wewak Grid Extension v l 2. Invite F Report an issue 0] ? v

Layers

0 Papua New Guinea - Wewak Grid Exten...

ESA GDA Clean Energy // ADB
Q Search layer + Add layer [JEH

Site list Groups
v Infrastructure

o W / Roads (OSM extended based
on satellite imagery)

Q Search sites Section ™ v = Roads (OpenStreetMap, not
extended)
Mandi > [l Buildings (based on
O satellite imagery)

Section1 247 buildings

17 sites + Add sites

Buildings

Thanks for tuning in!

Section1 144 buildings © Education facilities

© Healthcare facilities

Musangun v Electricity access

Section 2 121 buildings C o n t a ct u s : > / Existing MV grid (partially

inactive)

F°'°bk#3 = Malln SOphIe F|SCher (VlDA) malin@Vida.Dlace Nightlight areas (2023/2024)
Fred Ramos (ADB): framos@adb.org * Grd Extension
il Peter Baum (ADB): pbaum@adb.org P

Section2 209 buildings Proposed basic LV network

Buffer zone for potential

:';‘ .J’ additional connections (200m)
Forok #1 ol Potential additional
Section2 63 buildings + connections
®
H\I“I; ] > Water resources
A
Dagawat Fit map to workspace <~ > Other

> Global base la

Section2 149 buildings
||
Case study by ‘ \/l DA
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