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ABOUT THE NAMIBIA ENERGY INSTITUTE

Vision

To be a leading institute for energy research and
development in Namibia and beyond.

To contribute to Namibia’s industrialisation by linking
energy research, technology, policy, and education to
the needs of industry, and to national socio-economic
development imperatives, initiatives and programmes.
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Cooperation Agreement
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Namibia Energy Institute (NEI)

Centre for
Renewable Centre for Centre for Centre for Oil

Energy and Electricity Supply Nuclear Sciences and Gas (COG)
Energy Efficiency (CES) (CNS)

(CREEE)
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Sustainable energy
Solutions for all Namibians

Effective and competent Energy Industry operating within a
favourable policy and regulatory framework, supplying energy

N E I’s M a n d ate a n d sustainably to an environmentally conscious population

Responsibilities

Critical mass of highly educated and skilled human resource base in Namibia driving the
energy and energy efficiency industry; Smart energy end-user population
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Smart Partnerships with: Government; Energy Industry; Finance and Insurance companies,
Education Institutions (e.g. schools, tertiary education institutions); Research Institutions,
Universities, End-User population; Students; NGOs; Donor Community; International partners
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NAMIBIA’S ENERGY CONTEXT

0 695 MW 0
59.5% _ _ 60% 15US¢/kWh
Electricity Access Generation Capacity | . .
(46.9% grid+12.4% 563.5 MW o mpgrt Electricity Tariff
solar) ":> NamPower | |:> ependency | |:> NS2.78/kWh
; 131.5 MW IPPs 45-73% electricity (reviewed annually)
Acce:s&ti/aean Peak demand imports Among highest tariffs in
: projected to rise over the past five Sub-Saharan Africa due to
cooking from 673 MW to years . flecti iff
1,243 MW by 2040. its cost-reflective tari
structure
Generation Capacity Energy Mix Total End-User Tariff Components
HEO Distribution

11% Retail, 0.6

ZESCO (22% Generation,
30% 1.2464
(]
Transmi (45%)
Wind Eslksc:;n, 0.4964 (
(] Generation
1% ZPC, 8% Reliabil tiy
- Losses
= Transmission
SApp’ m Distribution and Retail
4% Local Authority Surcharge
Source: 2024 NamPower Source: 2024 ECB ? “B :gvvz

Integrated Annual Report annual report
Total End-user tariff: N52.78 kWh
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NAMIBIA CENTRE OF GREEN ENERGY AND INOVATION (N-CEGEI)

The primary objective of the N-CEGEI is to accelerate inclusive and sustainable economic transformation
by fostering innovation, building green energy skills, empowering entrepreneurs, and advancing
industrialisation through integrated academic-industry collaboration and ecosystem development. The
initiative is structured around five key pillars (Outputs):

o Academia-Industry Partnership: Developing a strong partnership to expand energy and
minerals’ value chains, drive regional collaboration, and build youth capacity.

o Outreach and Engagement: Improving accessibility and promoting the utilisation of knowledge
among diverse stakeholders.

o Curriculum Development: Designing and delivering innovation-focused training programmes
and capacity-building initiatives through the Centre of Excellence and regional "pods".

o Innovation Pipeline: Creating a robust system for ideation, start-ups, and business
development to move concepts to market-ready solutions.

o Private Sector Investment: Establishing partnerships and securing financing from the private
sector
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THE GREEN ENERGY LABORATORY AT NEI

Supporting the N-CEGEI

e  Technicians
e Artisans

* Engineers

* Students &
Professionals

From
the People of Japan

Supported by:
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Introduction- WEF Concept

At its core, the Water-Energy-Food (WEF) Nexus highlights that:

* Water is needed for energy production (e.g., hydropower, cooling in thermal
plants, hydrogen electrolysis) and food production (irrigation, livestock,
processing).

* Energy is required to pump, treat, and distribute water, and to produce,
process, and transport food.

* Food production depends on both water and energy, and in turn, affects
their demand (e.g., agricultural runoff affects water quality, bioenergy crops

compete for land and water).

The goal of the WEF Nexus is to promote resource efficiency, sustainability,
and resilience by understanding and managing these interlinkages rather than
treating each sector in isolation.
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-
Introduction- PtX-WEF Concept

It moves beyond traditional “siloed” management by
asking:

How can we achieve water, energy, and food security
simultaneously while minimising trade-offs and maximising
synergies?
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THE PTX DILEMMA: BALANCING GLOBAL DECARBONIZATION WITH

LOCAL WATER SCARCITY

Insight: Arid nations face a fundamental conflict between energy exports and water security

THE WATER CONSTRAINT

Electrolysis is water-intensive, requiring 9-10 liters of
high-purity water per kilogram of hydrogen. In arid
regions like Namibia, this creates direct competition

with municipal and agricultural needs.

THE ENERGY OPPORTUNITY

Power-to-X (PtX) converts renewable electricity into
hydrogen, ammonia, and synthetic fuels. This
presents a monumental opportunity for economic
diversification and decarbonizing hard-to-abate
sectors like shipping and aviation.

THE NEXUS SOLUTION
Resource security requires an integrated

management approach. Siloed strategies inevitably
create trade-offs and inefficiencies, making the Water-
Energy-Food (WEF) Nexus essential for sustainable
growth.
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Classic Water—Energy—Food (WEF) Nexus Concept

 Emphasises interdependence
between resource systems:

— Water for energy and food
production.

— Energy for water treatment and
agriculture.

— Food systems influencing water
and energy use.

e Goal: Balance trade-offs and
maximise co-benefits for
sustainability.
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Classic Water—Energy—Food (WEF) Nexus Concept

COMPARATIVE POSITIONING
Framework Strength PtX-WEF Extension
ES;T Governance & Policy Adds industrial decarbonisation & export modules
FAO : : : L
WEE Implementation Cycle Incorporates industrial stakeholders & monitoring
EU : : : :
WEFE Environment & Circularity Integrates LCA, heat/water reuse across sites
SEI Quantitative Scenarios Introduces PtX process blocks & data schemas

(WEAP)




Extending the WEF Nexus through Power-to-X

PtX introduces industrial
conversion processes into the
resource nexus.

Hydrogen, ammonia, and methanc
link energy to agriculture and
exports.

Water use in electrolysis ties
energy to water systems.

Enables circular feedbacks through
oxygen reuse, heat and wastewater
recoveries.

PtX Process Layer
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| Power-to-X Integrated within the Water-Energy-Food Nexus:

f h |
i i

@8 [ LAvER4:OUTCOMES |

442 JoBs

ol e il ¢ , Interdependencies between

¢ EMISSION REDUCTIONS v 5
AT | AT e water, energy, and food

Renewable energy, desalination,
and land inputs

r RrREsouRces e o/ [ M Electrolysis, green hydrogen,
-@.

- RENEWABLE ENERGY \ 1 TEN Z 4 . () ELECTROLYSIS e ammonia, and e-fuels
DESALINATION N N . % @ AvMoNIA 5
c : o — l[ II @ E-FUELS, METHANOL ; ‘
e e e ® LAYER 3 (CIRCULAR FEEDBACK):
0, reuse, wastewater recycling,
and heat recovery

: Job creation, security, emission
e —— reductions, and resilience

4 LAYER 3: CIRCULAR FEEDBACK
@ o0, REUSE =
() WASTEWATER TREATMENT
({0 HEAT




NAMIBIA d
’ UNIVERSITY .
OF SCIENCE AMD ‘
TECHMOLOGY W, 17

Mines and Energy

THE HYDROSYNERGY FRAMEWORK: A MULTI-OUTPUT ENGINE

Insight: The PtX plant serves as a central hub in a circular, synergistic resource loop

ENERGY LOOP
Production of green H,
and derivatives for

export and domestic ATION
izati " DESALIN
decarbonization. E | PLANT

i N f

 ELECTROLYSIS AR |
H, PRODUCTION 4 . | V ~,
‘ | | ELECTROI.YSIS

e S SN MUNICIPAL
; WATER

WATER LOOP

Desalination providing
water for electrolysis,
municipal use, and
agriculture.

@

FOOD LOOP

Enabling local food
security via carbon-free
fertilizers and
irrigation.

PtX PLANT —

Central Processing Hub

WASTE HEAT

i
g S .

FOOD

"AGRICULTURAL
IRRIGATION

BY-PRODUCTS

Valorising oxygen for
aquaculture and
waste heat for food
processing.

PRO’JZJESSIMG

7Y™

ARBON-FREE
ERTILIZER %
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PtX PLANT —

Central Processing Hub
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Managing Scarcity & Trade-offs

Focuses on interdependencies
(how one sector impacts another).

Primarily a defensive framework
(preventing resource depletion).

-ﬂ—
Linear consumption model

(extract, use, dispose). EXTRACT DISPOSE

System stability and
basic security.
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Focuses on technological transformation
(PtX conversions).

Proactive framework (generating green
fuels and new economic value).

@‘j

O REUSE WASTEWATER HEAT
TREATMENT RECOVERY

Circular feedback loops
(O, reuse, heat recovery,
wastewater treatment).

Decarbonization, resilience,
and sustainable growth.

L)

resource constraints into an

The PtX-WEF framework transforms the nexus from a model of

1)




PtX-WEF- Nexus Applied to Namibia
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Namibia’s Context: Resource Endowment and

Long term average of PVOUT, period 1994-2018
Daily totals 50 52 54 56 58

Power to X Opportunity
;O:SRTESO\‘/JZCE:;\:C POWER POTENTIAL @ Rk
ESMAP joLancs |

—I Katima Mulilo, __ 2.
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KWh/kWp
Yearly totals: 1826 1899 1972 2045 18

* Solar: up to 2,200 kWh/m?¥yr

* Wind: Good to excellent coastal wind speeds =7 m/s

* About 45 million hectares of gracing land is encroached by unwanted
bush, giving great biomass sources

* Vast land, low population density for scaling renewables

* Ports: Walvis Bay & Liideritz connect SADC to EU/Asia
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‘ Power to X ‘ ANUST Green H, x S oodiNexus

Framework
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A NUST Green H, - —Food Nexus

Framework

Water
Desalination

)

Electrolyser

Synthetic
fuel

G;
Carbon Capture
(DAC)

nAMIBIA UNIVERSITY
OF SCIENCE AND TECHNOLOGY

Faculty of Engineering

Gas

Turbine
Biogenic carbon
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Industrial and Local
Applications

. source (Invader bush) Chemicals
Green i
Carbon
PR—— Fertiliser__
Production

Nitrogen

from the

Air

Fuel-cell initial use
will be for Energy
Storage

©S John (2023)
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Southern Corridor Development Initiative

Namibia’s Green Hydrogen Industrialisation Strategy

We aspire to create a green fuels industry

with a production target of 10-15 Mtpa
hydrogen equivalent by 2050.”
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Southern Corridor Development Initiative

Namibia’s green hydrogen industrialisation strategy

We will develop a
granular vision for the
Namibian and regional
hydrogen ecosystem

Initial thinking - to be developed further with you

Valley 4 Kunene

Hybrid renewable production
(Solar PV + on-shore Wind)
will feed electrolysis plant
and ammonia production
near the new port facility

NH; export

We will build on existing plans to
further refine and detail out the

concept for ecosystem clusters
within Namibia, reflecting natural
synergies and existing assets

(green) copper
trade with Zambia
by hydrail

Domestic demand center
Infrastructure to fuel heavy-duty
trucks, open pit mining trucks, and
hydrails

Interconnection with Angola
(EUGIobalPartnership) .

H, trains (TransNémib)

« H2buses

‘ “\”\’94

logistics corridor

N

Cipwiongo &) (EUGIobalPartnership)
&
b » -
H2 Mining { ’}; i
trucks 5
Windhoek . bAﬁ
= \’, 3
C
" Synfuel
logistics
Walvis Bay port
(Namport)
NH; and élb
synfuel . X
Luderitz
export Valley 1 Erongé port @
Solar PV power production with
electrolysis, ammonia and
terminal for synfuels for export
from Walvis B rt
Sl Oranjemund
\/ port
NH; export

H2 trucking along planned

i«

H; pipeline

Export port

o0

Desalination plant
Main cities

Railways
Project Transmission lines

Existing Transmission lines

Valley 3 Otjozondjupa

Solar PV synfuel production using
cementindustry CO, emissions as
feedstock forexport towards Walvis
Bay port

Valley 2 Karas

Hybrid renewable production (Solar
PV + on-shore wind) will feed
electrolysis plant and ammonia for
export from Luderitz and
Oranjemund ports connected by a H,
pipeline (Hyphen project)

RE to South
Africa

H; to South
Africa

CO, from
South Africa

McKinsey & Company 14
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Current Green Hydrogen Projects

- Green hydrogen projects _/ ol
Hyphen (Karas): $9.4bn, .

Bofbonoeon . M -
370ktpa H,, 2mtpa ammonia R T e e

i Ammonia & Hyphen Feasibility

Daures GH2 Village: pilot ... Ammonia | ———

Elof Hansson Development/planning
. . HDF Energy phase
green ammonia + agriculture T oer, | :
" Eectopss, HDF D:velopment/planmng
. . . ) . i —Waws 2 9 @ Windhoek :......... Storage phase
Hylron Oshivela: Africa’s first ol G | Hylron Phase 1 - Production in
s I 2024/5
green iron prOjeCt Zhero Development/planning
_ , phase
Cleane rgy Namibia: Hyd rogen mgm . Cleanergy Solutions Pilot/Phase 1 -
° o . Production in 2024/5
Academy, refuelling stations e o
9',9"..’.‘???Y.,.S_‘.".“..‘,'9"5 2L D
Solar, Green Solar, Wind, I&
Ammonia Ammonia 5 <

www.gh2namibia.com
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Common User Infrastructure (Phase One)

Large capacity GH2 pipeline infrastructure
has the added benefit of acting as a highly
efficient energy buffer store

Environmental impact is
significantly reduced through
pooling CUI assets and through
utilising decentralised electrolysis

\

\ It will become un-economical to
) continually pump desalinated

water parallel to the coast and a
mid-stage desalination plant will

likely be required in the future

Common User
Infrastructure (Phase Two)

SCDI Common User
Infrastructure (“CUI")
Approximate Cost

Green Hydrogen Gas Pipeline
Length: ~400km
Diameter: 1,400mm

Cost: EUR 3,500m

Water Pipeline
Length: ~400km
Diameter: 1,200mm
Peak flow: 200 ML p.d.
Cost: EUR 1,200m

Transmission Lines
Length: ~400km
Size: 2x 400kv
Cost: EUR 600m

Peak flow: 3m GH2 tons p.a.

27
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Challenges = Opportunities

g Skills gap = training &
education partnerships

Infrastructure - PPPs for
ports, rail, power

electrolysers, turbines, SAF,
desalination

Water stress - smart
desalination & circular water

systems

X Technology = need for
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* Bilateral agreements: Germany, South Korea,
Netherlands, Japan

e Joint ventures in investable industries (electrolysers,
steel, SAF)

 Knowledge exchange: scholarships, research hubs,
dual-study training

* Finance partnerships: syndication of S55bn FDI
needed

Vision: A premier energy institute driving a transformative, just, and sustainable energy
transition in Namibia and beyond

Mission: To deliver applied research, innovation, and capacity building through strategic partnerships that
strengthen Namibia’s energy sector and advance national development priorities.
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_ The blueprint for

green industrialisation

f‘-l Oshakati. %
a I 1 Trans
The new agenda brings together a ' mm Ry Caprivi
series of prioritised and integrated | Capa s i
. - g 1
public and private investments. [ WA
ool 20
(Lofda) @ MW
Rare earth /4
elements @ \ Otjiwarongo

(Etaneno)

INVESTABLE INDUSTRIES
n Solar panel manufacturing, p36 __i

Capex (by 2050): $170m A
et
1

|
\
\
\

Okahandja

Location: Walvis Bay/Luderitz trade & logistics hub

[}
& i
: :
: - 20 \
3 Electrolyser manufacturing, p38 : MW 1 WINDHOEK @+ Trans
g Capex (by 2050): $250m I b Kalahari
5 Location: Lideritz (or Walvis Bay) ! ; I f I
2 ‘ I Walvis Bay ; ~  Rehoboth! ® 50dis)
© e o e o e e e - \
2 Wind turbine manufacturing, p40
[ y
g =] Capex (by 2050): $200m (1] 2] 4]
Location: Luderitz & Kunene
2, n Lithium refinery, p42 B H
4= Capex (by 2050): $900m
5 Location: Walvis Bay ﬂ
g H Rare earth elements refinery, p44 f—
s Capex (by 2050): $300m :
Location: Walvis Bay (or Kunene) I Keetmanshoop
S I ~trade & logistics hub
S n Flat glass production, p46 : L\
= Capex (by 2050): $1.5bn 1
S Location: Walvis Bay lL
.| @l Synthetic fuel production, p48 n n
o . Capex (by 2050): $20bn i/
'*,E Location: Walvis Bay & Kunene /"
3 n Hot briquetted iron production, p50 .
g Capex (by 2050): $6bn Offshore oil & gas
Location; Walvis Bay est. 7bn BOE reserves

o M
Y% Government of the Republic of Namibia | A green industrialisation blueprint
le:
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DELIVERING THE BLUEPRINT

Roadmap

Realising the blueprint requires parallel delivery of three distinct workstreams. Government must act quickly and decisively
to streamline policy, attract investors, and deliver enabling infrastructure.

Development phase [l Construction & ops

pue1S aM BJBUM

7 |

28 and beyond

Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4
I INFRASTRUCTURE ENABLERS

Trans Caprivi AfDB Transport Infrastructure Improvement Project Phase 2 Grootfontein-Katima Mulilo
Rail Trans Kalahari RFP Feasibility study Development
Trans Orange Debottlenecking Capacity expansion B
Luderitz Construction - quay extension Construction - Angra Point ammonia berth Construction - AP dry/liquid bulks
Port Walvis Bay Dredging & upgrade North port construction
Kunene (Cape Fria) 2030+ new port construction
Southern Valley Hyphen - Engineering and permitting Hyphen - Financing Hyphen - construction phase 1 Hyphen - phase 2 >
Green hydrogen Central Valley 0Ongoing pilots Feasibility - solar/ammonia Construction - solar/ammonia/desal (:g
Northern Valley 2030+ Solar/wind, ammonia, desal 5
NamPower generation a
Electricity IPP generation §_
Transmission/storage RFP g
Luderitz Planning study Construction (site & utilities) ‘g
Industrial zones  Walvis Bay Planning study Construction (site & utilities) a
Trade & logistics hubs Feasibility study RfP Design ©
I INVESTABLE INDUSTRIES (indicative timescale)
Solar panel manufacturing Pursue investor/RfP Development Construction Scaling-up
R bl y . 0
ener:;etr::dvjare Electrolyser manufacturing Pursue investor/RfP Development Construction Scaling-up
Wind turbine manufacturing Pursue investor/RfP Development Construction Scaling-up
Mi | refini Lithium refinery Pursue investor/RfP Development Construction Scaling-up
ineral refinin
9 Rare earth elements refinery Pursue investor/RfP Development Construction
Low-CO, industry Flat glass production Pursue investor/RfP Development Construction Scaling-up
H. derivati Synthetic fuel production Pursue technology partner Pilot Scaling-up
erivatives .
", Hot briquetted iron Mine FS HBI pilot HBI development Scaling-up (E
I POLICY & INSTITUTIONAL (<D
@
Given the scale of ambition, t must activel - ) ) =1
c);\;?p\oisgfweeo aragSL‘JIp(;)r;r?(;gzrrlgliesr;t{g:i)fat%;ve v Central ‘decision ' Pursue investors & develop common ' Advocate green industrialisation & @’
green mddstnah‘sat\on blueprint. A series of cross- making’ platform ' user infrastructure continue policy reforms —
cutting interventions are requnréd to attract investors > Map investors > Investor/bilateral roadshows > Broker JVs/offtake contracts/other partnerships (DD_
build local capacity, and ensure that Namibia becomés > Develop pitches > One-stop-shop for investors > Ensure adequacy of common user infrastructure o
3 low-cost h\gh—po‘tential green industrial destination > Tech studies > Establish SEZs > Position Namibia as prime manufacturing location c
’ ) > Policy support > Pursue bilateral/int’l funding > Pursue bilateral trade and investment agreements 8
> Approvals > Craft skills development strategy > Strengthen policy, regulations, and skill base =,
=}
=

N o

Government of the Republic of Namibia | A green industrialisation blueprint 28
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Key Resources

* Namibia Green Hydrogen Programme (GH2
Namibia): https://gh2namibia.com

» Hyphen Hydrogen Energy: https://www.hyphenafrica.com
* Hylron Oshivela Project: https://hyiron.com

* Cleanergy Solutions
Namibia: https://www.cleanergynamibia.com/

* Daures Green Hydrogen Village:https://daures.green

* Namibia Investment Promotion and Development Board
(NIPDB): https://nipdb.com

* Namibia University of Science and Technology
(NUST): https://www.nust.na

* Green Hydrogen Atlas Africa: https://africa.h2atlas.de/africa
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