Potential impact of Geothermal
Industrial Parks in East Africa

Jon Orn Jonsson

Country Manager - Ethiopia

Reykjavik Geothermal

Sigurdur H. Markusson
Business Deve lopment Manager

Reykjavik Geothermal l-_l Landsvirkjun



Table of Contents

= Introduction

= Definitions

= Why Geothermal Eco Industrial Parks

= The Case of Iceland

- GEIP East Africa

= System thinking — strictly engineering

Reykjavik Geothermal

I-_I Landsvirkjun



Introduction

If you want to go fast, go alone.
If you want to go far,
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Definitions



Definitions

Industrial park

Is an allocated area planned for industrial use
where common infrastructure requirements are
shared. This shared infrastructure can include
access roads, water supply, energy supply, waste
management, maintenance etc. Often industrial
parks will focus on attracting anchor tenants in a
certain trade such as textile, leather, furniture or
other production.

Source: Authors

Source: https://semonegna.com/five-industrial-parks-created-40000-jobs,
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Definitions

Industrial Ecology

The concept of Industrial ecology aims to learn Mater,lal
from natural ecosystems to reduce the Extaction
environmental impact of industry by viewing
industry as a man-made ecosystem, where the
waste or by product of one process is used as an
input into another process. In industrial ecology,
businesses re-design material and energy flows to
move from a linear- to a circular economy.

Production

\ 2

Consumption

Source: Authors

Waste /
Byproduct

s
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Definitions

LINEAR ECONOMY

RESOURCE EXTRACTION PRODUCTION DISTRIBUTION CONSUMPTION m

CIRCULAR ECONOMY
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Definitions

Eco Industrial park

“« _i H : H H Kemirs Greenhouses
An eco |.ndustr!al park is a community of manufacturing po s x el
and service businesses located together on a common (Jutland) Statoil Refinery Wastc
- ’ Heat
property. Member businesses seek enhanced Coolme k. rug I o, [N
environmental, economic, and social performance Sicam | Woste Uty i Jiasting
through collaboration in managing environmental and . - s Lp
ake Fresh Asneas Power Station 1 Gy
. . . - _—* Serubber YPIOC
resource issues. By working together, the community of Tisso Water (coal-fired) | Wallboard Plant
businesses seeks a collective benefit that is greater than T _
the sum of individual benefits each company would S‘e““‘l Heal Fish Farms
realize by only optimizing its individual performance. An - —
H H H Neighbori ‘Treated Sludgel ; - S: Plyas:
eco-industrial park also looks for benefits for CFams [ Phamsceuticsl Pl P Cement & Road
. . . . B Aggregate
neighboring communities to assure that the net impact ==

of its development is positive.”

The Kalundborg Eco-Industrial Park , Hond, Frank. (2000).

Source: Lowe 2001
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Global spread-out of Eco-Industrial Parks

Cumulative number of EIPs
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Source: World Bank, 2015
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Geothermal Eco Industrial park (GEIP)

Area planned and developed based on diverse integrated
utilization of geothermal resources with the aim to maximize
the sustainability (economic, social and environmental) of
the energy use and all subsequent operation within the
park. The development of the park is non-stop process
during its lifetime and approached with proactive business
development and continuous optimization of economic,
environmental and social factors.

Source: Authors
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Definitions el &

Reykjavik Geothermal

Geothermal Eco Industrial park (GEIP)

Area planned and developed based on diverse integrated
utilization of geothermal resources with the aim to maximize
the sustainability (economic, social and environmental) of
the energy use and all subsequent operation within the
park. The development of the park is non-stop process
during its lifetime and approached with proactive business
development and continuous optimization of economic,
environmental and social factors.

Source: Authors

,Integrated use of the resource is simply evidence of
common sense”

RG Albert Albertsson, Visionary of the Reykjanes Geothermal Resource Park
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Why Geothermal Eco Industrial
Parks?



Geothermal as a sustainability driver

THE GLOBAL GOALS

- The future opportunity of geothermal energy AL e bt
is at the heart of our common challenges

- Decrease atmospheric CO2 release by increasing 15 N 3ﬁf£3¢ﬁﬁ‘!:m & war R
the use of renewable energy el | - ' L[] g E

- Create infrastructure that promotes sustainable ggg;gmoum Wmmwm mﬁm 1 sewwiones
production and increases quality of life

m 16 e

= Create diverse jobs and support local
communities

PARTNERSHIPS
\[/
17 FORTHE GOALS .g‘ iv;‘

= =

Zan”
THEGLOBAL GOALS
For Sustainable Develgpment

How can the positive impact of geothermal energy be
increased?
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Geothermal vs other renewables

Renewable Energy

Geothermal Advantages

Challenges

High Costs

Unstable Yield

Large-Scale
Land Needs

Single revenue
stream

Limited Off-Shoot
Industry Potential

rcllV o
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INLNN N N

Low Cost

Base-Load Power

Small Geographic
Footprint

Multiple revenue
streams

High Off-Shoot
Industry Potential

Cost-competitive with coal, natural gas, and hydro, and cost-
advantaged to other renewable sources

The resource allows often for more than 90%+ CF and
dispatchable generation.

Lowest land use per MW of any renewable energy source, and
minimal environmental impact.

Geothermal power plants can produce electricity, heat, CO,,
potable hot and cold water and various minerals.

Around geothermal various off-shoot industries have developed,
e.g. spas & tourism, food processing, district cooling and
industrial heating
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What makes geothermal project a success?

Management

Financial of Social license Successful

viability Environmental to operate
factors

project
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https://energyeducation.ca/

b e e e e e e e e e e e e e e e e e e e e

Excess heat and loss of distric

o~

v

Geothermal Energy Flow - Northeast Iceland 2018 (TJ)

— Utilities: 73 —
Internal power plant usage: 186

Aglmﬂufhm: 267 =
reenhouses: 22
Industries: 79

Swimming pools: 427 M

Snow melting: 51 —
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Heat
Electricity to the grid ﬂ ﬂ Water -
i Electricity ;
O®IRENA
PRSI S — Geothermal Plant Bio based industries

Post processing

heat adoption in the
agri-food sector

Key lessons and recommendations
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Direct use of thermal
energy for industry
and space heating

CO2 utilization

Other
opportunities

Mineral extraction

Green houses,
- Power to fuel, CO2
for industry

Tourism

Industrial park
service

Reinjection of fluid

CO2 & H2S gas

Reinjection




Benefits of the GEIP model

Electricity production only

Revenues <

GEIP model

Revenues <

Reykjavik Geothermal

e Electricity

e Electricity
e Other potential revenue steams:
e Thermal energy
e CO2
e Water
® Minerals
e Tourism
e Land
¢ Improved potentials for green financing
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The story of Bjarnarflag
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A Win-Win model

e Multiple revenue
streams

e Create value out of
“waste and
pollution”

¢ |Increased social
acceptance

Reykjavik Geothermal

e Access to renewable e More jobs

energy e Local opportunities
e Cost benefits for increased value
e Connection to other creation

producers

e Shared facilities
e Co-branding

Benefits for power Benefits for industrial : :
Benefits for society
company user
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Geothermal EIP

= Geothermal can promote wealth of finical, social & sustainability opportunities
exceeding what other renewables can

= GEIP and circular economy approach can lower the environmental impact of
geothermal projects — Make them more likely to gain acceptance
= Requires systems thinking from the beginning
= Planning
= The business model (revenues, financing, risk, ownership.....)
= Social license to operate

= Create win-win case
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The Case of Iceland









Primary energy use in Iceland

Primary Energy Use in Iceland 1968-2019
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Total

257.7 PJ
Geothermal
167.5PJ

Primary Energy Use in Iceland 1968-2018 in PJ
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Primary energy use in Iceland

sopcilV
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Development driven by economic reasons

*  Cost of geothermal energy vs. fossil fuel
* Limited access to foreign currency

5 *  No state subsidies $1600 per
annum
10 savings per
capita
8
= 6
()
3
4

Developing arctic
2 country

Saved space heating cost

Geothermal Energy vs. Oil
(accumulated)

1914 1924 1934 1944 1954 1964 1974 1984 1994 2004 2014
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GEIP development in Iceland



Primary energy use in Iceland

Installed Electrical Capacity of Geothermal Power Plants Fladir

800 Total
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_ 600
2
=3
£ 500 (6) Hellisheidi — 303 MW,
3
8
g 400
8
S 300 (5) Reykjanes — 100 MW,
()
=
= 200 (4) Nesjavellir — 120 MW,

100 (3) Svartsengi — 76...

(1) Bjarnarflag -3 MW, < (2) Krafla — 60 MW,
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Source: Orkustofnun Data Repository: 0S-2020-T006-01

Icelandic Energy Authority
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Geothermal Utilization in Iceland

Swimming pools Snow melting
9 4%
4% ’ Fish farming
Industry 5%
2%
Greenhouses
2%

Space heating
43%

Electricity generation
40%

m Swimming pools  ®m Snow melting  ® Industry  m Fish farming = Greenhouses  m Electricity generation  m Space heating
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The cost of heating 4 ha greenhouse

MUSD per Year

-y Finland Poland Netherland Spain Iceland
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ON Power |

ORKA NATTURUNNAR
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ON Power business concept
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HS-Orka

TR
iy

D

HS ORKA
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HS Orka business concept

REYKJANES RESOURCE PARK

THE REYKJANES PENINSULA 1S RENOWNED FOR ITS CLEAN AIR, UNPOLLUTED SEA WATER. PURE GROUND WATER,
CLEAN AND UN-CONTAMINATED GROUND. MINERAL RICH UN-POISONOUS GEOTHERMAL FLUID.

.
Kefiavik

Helguvik
International Harbour

23 km from Ressurce Park QJ'

HS ORKA HF

morka s

HS ORKA IS THE MAIN PROVIDER
OF ENGERGY TO HOMES AND COMPANYS
TN THE REYKJANES AREA.

HE DR®A

International Airport
22 km from Resource Park

RG
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Reykjavik
lcelands Capital
30 km from Resource Park

THE BLUE LAGOON
ECOCYCLE
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Landsvirkjun business concept

“Resource streams from
geothermal electricity
production

Companies who locate their operations near
Landsvirkjun’s geothermal power plants can
acquire access to multiple energy and
material streams as inputs to their
production processes. A partnership with
Landsvirkjun together with Iceland's friendly
and competitive business environment can
aid companies in building a competitive
advantage. Contact
power@landsvirkjun.com to discuss
projects and ideas and for any additional
information”

www.Landsvirkjun.com
https://www.landsvirkjun.com/productsservices/geothermal-resource-streams
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Power to X

e s

e: 2 s

\\ GREEN
METHANOL

t E (OR DERIVATIVES)
RENEWABLE POWER
OR BYPRODUCT
HYDROGEN a
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The single biggest factor improving
quality of life in Iceland?
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Power companies and social projects
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Opportunities
enabling and encouraging
energy innovation and
energy related opportunities

Research
to support innovation - ’ —
and knowledge ‘

*

D

Mapping
... the opportunities ;a
in the region |

v

the region as sustainable
and environmentally friendly

increasing the number of
r — grants for sustainability and
energy innovation

&

Y working wiht the tourism sector
on energy related tourism and
p | raising awareness amongst tourists
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GEIP - driving more sustainable cities

" gettyimages
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The Future:

- From geothermal power plants to Eco-Industrial parks
- Improved energy efficiency

- Zero CO2

- Sustainability focus

- Branding

- Bio based industries



The Opportunity in East Africa



Conventional Geothermal Potential in GW,

ceania

Total: 221 GW, o -

Source: Own calculations based on Stefansson, V., 2005: Estimate of the world
geothermal potential. Proceedings World Geothermal Congress 2005 and The
Global Volcanism Program database of Holocene Volcanos downloaded August
18, 2020..
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Conventional Geothermal Installed in GW,

-,
s s
-

<%

1257

Total: 15,9 GW,

Source: 2020 Geothermal Power Generationin the World 2015-2020 Update
Report - Gerald W. Huttrer
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ptential in MW,

/ -

Djibouti 1

1.106 MW

Volcanoes Est. . Undiscovergd
Potential Est. Potential
158 MW 790 MW

5.530 MW

15.484 MW

77.420 MW
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Population growth in Eastern Africa by 2100

: Population {in millions of inhabitants) Evolution
Continent Z2049-2050

2019 2050 2100

Tanzania 58.007 129.387 285.652 123.05%

125.474

b e o s 342.55 669.625 1129.307 95.48%

otal population of 4 308.06 7 489.28 4280.13 90.30%

Evolution
2050-2100

110.??‘;;

21360
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Net export (%) Net import (%)

>50 2050  0-20 0-20 2050 >50

Source: FAQ Global Perspectives Studies, using 2011 food balance sheets from FAQ, 2016a.
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Comments received during SEP

* Farmer - male age 49. “We hope our locality could be tourist destination, farther widening off farming
business opportunities to our women”

* Elder — male age 67. “Our key problem is that the youth who have graduated from universities and college are
now jobless” ... “industry that will contribute for the development in one or the other way.”

* Farmer — male age 55. “We are deprived of road, water supply, electricity, health service and almost
everything.” ... “Teachers are leaving schools because there is no drinking water”

* Farmer (former Soldier)— male age 40. “If you are telling that we will get light for our households that is ok,
but everyone will get that light. | mean what will be a special benefit to this community due to this project?

* Farmer — Female age 28. “ As you have seen we have no potable water. We are using running water, which is
dirty and causing a lot of disease to our children”.... “I hope your project will assist us improving our road so
that we will bet better transportation services. In that way we can easily move our products to the market and
can sale for better price than we do here for local merchants.”
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East Africa
Geothermal Eco
Industrial Park

Reykjavik Geothermal

Electricity

Steam

Hot and Cold
Water

Tourism

co,

Mineral Extraction

Research

Local Benefits

Local Grid Stability

Local Industry
Mini Grid
Cement Industry
Drying of produce
Pasteurization
Refrigeration
Drinking Water
Green Houses
Souvenirs
Hotel & Spa
Guides
Fertilizer industry
Soft drink industry
Cosmetics
Lithium
Excellence Center
University
Laboratory

—

Potential Impacts

Food Security

Food Storage

Water supply

Space Cooling

Energy stability

Job creation

Housing

Health care

Higher Education
Increased earnings
Increased tax revenue
Increased value creation
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SWOT

e Resource
e Manpower
e Agriculture

e East Africa
/one

e Large market

Reykjavik Geothermal

e Legislation
e Infrastructure
e Red tape

e Environmental
Impacts

e Social impacts

e Leapfrog

e employment
creation

e [nnovation

e improving
productivity

* Increased

industrial
output
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Final thoughts



Sustainability will be the main driving Geothermal energy can impact greatly It requires the right approach:
force of change over the next decades on a local level
- Shift of focus from individual power project to

geothermal as the backbone of an industrial
ecosystems

- Strong focus on local innovation, engagement with
stakeholders and community

- Cooperation with research institutions, universities
and entrepreneurs

- Legal environment that promotes systems thinking
and encourages circular thinking
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