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CO2 GEOLOGICAL STORAGE

SCREENING & MATURATION OF MARKETABLE VOLUMES

Diego A. Vazquez Anzola
Technical Director| Carbon/GHG Storage Consultant

Terms of Reference

The Energy industry faces a unique opportunity to learn from the experience of successful industrial scale CO2 storage projects 

around the world.

Aiming to aid develop viable projects within an optimal timeline, there are key selection criteria that can be used to rank 

prospective geological storage sites within the nominated areas, either if they are depleted fields or saline aquifers.

These criteria help establish what available data is needed to carry out an adequate risk assessment and estimation of CO2

storage resources, but also potential data acquisition/appraisal plans.

The ultimate intention is to support operators, and authorities alike, mature reliable CO2 storage resources, following the SPE 

SRMS system, but also ensure permanent containment through a multidisciplinary Containment Risk analysis, resulting in 

strictly risk-based Monitoring and Verification plans that meet International and Australian technical standards and 

requirements.
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Executive Summary – CC(U)S Business models

Back to Menu

➢ Proven technology – capture exist since 1930’s and 

geological storage since the 90’s

➢ Business Value chains developing by the day

➢ Unified International Carbon price is expected

➢ Average cost of CCS is higher than today’s carbon 

pricing levels 

➢ However, Wood Mackenzie reports expectation of carbon price 

of US$120/tone in 2030 and US$100/tone in 2050, which is 

needed to cover the average CCS project in the power sector
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Carbon Capture & Storage: The Business Models

Model 1 - Underground Disposal

•Tariffs per tone of CO2 safely stored and 

contained

• Sources usually hard-to-abate industries 

(e.g., Cement, Steal manufactory)

Examples: Northern Lights (North 

Europe), DEEPC (Australia)

Model 2: Decarbonize traditional 

Fossil Fuels – Ensure Business 

Longevity

•Cleaner LNG

•Net Zero Coal Fired plants

Examples: Sleipner (Norway), Gorgon

(Australia), Bayu Undan (Australia-Timor 

Leste), Kasawari (Offshore Sarawak), 

CTSCo - Glencore (Australia)

Model 3: Blue Hydrogen/Ammonia

Examples: Quest (Canada), H2H Saltend

(UK), ADNOC Blue Ammonia(UAE)

Model 4: Hybrid

• Examples: Aramis (Netherlands),       

Teesside (UK),   Singapore LNG

CO2

CO2

Injector well
Injector well

Abandoned 
Legacy well

Seal

Migration assisted 
storage in saline 

aquifer

Injection in depleted 
field and/or associated 

depleted aquifer

Depleted 
Hydrocarbons field
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➢ MODEL 1: CO2 UNDERGROUND DISPOSAL – TARIFFS PER TONE OF CO2 SAFELY STORED AND CONTAINED

→ SOURCES USUALLY HARD-TO-ABATE INDUSTRIES (E.G., CEMENT, STEAL MANUFACTORY)

EXAMPLE: NORTHERN LIGHTS (NORTH EUROPE), DEEPC (AUSTRALIA)

➢ MODEL 2: DECARBONIZATION & CARBON ABATEMENT OF TRADITIONAL O&G PRODUCTION (E.G., CLEANER LNG)

EXAMPLES: SLEIPNER (NORWAY), BAYU UNDAN (AUSTRALIA-TIMOR LESTE), KASAWARI (DEEPWATER BORNEO), CTSCO - GLENCORE (AUSTRALIA)

BUSINESS JUSTIFICATIONS

EXPECTED CARBON PRICES OVER THE NEXT DECADE ARE HIGHER FOR ALL MAJOR EMISSIONS TRADING SYSTEMS, WITH EU ETS PRICES PREDICTED TO AVERAGE €47.25 OVER 2021-25 (COMPARED TO €31.71 ESTIMATED FOR THE WHOLE OF PHASE 4 LAST

YEAR) AND €58.26 OVER 2026-30. IETA 2021

THE PATH AHEAD IN ASIA-PACIFIC

“DRIVEN BY THE GLOBAL SHIFT TO AMBITIOUS CLIMATE ACTION, AUSTRALIA’S CARBON MARKET HAS SURGED 21 PER CENT IN THE CALENDAR YEAR TO DATE, ACCORDING TO MARKET ANALYST REPUTEX, WITH THE SPOT PRICE RISING TO AU$20 A

TONNE. IT EXPECTS DEMAND TO RISE OVER THE DECADE AND PUSH THE SPOT PRICE OVER AU$50 A TONNE BY 2030.” 

THE SYDNEY MORNING HERALD – JULY 2021

“CARBON NEUTRAL-RELATED INVESTMENTS OF UP TO JPY50B (US$500M) AS CERTIFIED UNDER AN ENVIRONMENT ADAPTATION PLAN MADE BY 31 MARCH 2024 WILL EITHER BE ELIGIBLE FOR A 5% TO 10% TAX CREDIT OR FOR 50% SPECIAL

DEPRECIATION.                                                               JAPAN’S 2021 TAX REFORM

CHINA FIRES UP CARBON TRADING AS ASIA TURNS ONTO GREENER PATH - NIKKEI ASIA – JULY 2021

Carbon Capture & Storage: The business models I 
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Model 1: CO2 Underground disposal
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Model 1 & Model 2 – CCS solution Investments
FROM ZERO EMISSIONS PLATFORM (ZEP) - 2020
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Storage – Ave. ~ 6 EUR/tonne

Transport – Large scale – Ave. ~ 10 EUR/tonne

Capture– Single source-Single sink– Ave. ~ 65 EUR/tonne for NG
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Model 1 Example: CCS in Singapore – Impact on Emissions
FROM SINGAPORE NATIONAL CLIMATE CHANGE SECRETARIAT - 2013
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~51 % reduction in CO2 
emissions – 78.4 SGD/tonne

https://www.apes-energyevolution.com/


Model 2 Example: Decarbonized LNG – Impact on Emissions
FROM WOOD-MACKENZIE – AUGUST 2021
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LNG CO2 emissions ~ 40 t / kboe
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THE CHALLENGE TODAY: UNCERTAINTY IN PREDICTIONS FOR CARBON PRICING & TAXES AROUND THE WORLD

Australia

No carbon price/ETS since the end of the 

Carbon Price Mechanism which set a fixed 

price for carbon permits. Final 2014 price was 

AUD24.15/tCO2e

Australia now supports a market for Australian 

Carbon Credit Units (ACCU). An ACCU is issued 

by the Clean Energy Regulator for 1tCO2e 

avoided or stored.

Price fluctuates but has steadily increased in 

value from AUD15/t to ~AUD 22/t since 2019.

Current spot price in USD ~ 17/t

New Zealand

New Zealand ETS – NZU emissions units – cap 

and trade system via auction

USD price per t/CO2e
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Model 1: CO2 Underground disposal – Investment & Returns
THE CHALLENGE TODAY: UNCERTAINTY IN PREDICTIONS FOR CARBON PRICING & TAXES AROUND THE WORLD

Australian CCS project cost estimates

Moomba – 30 AUD/t (22USD/t, Santos)

Costs advantaged by location (source to sink 

proximity, onshore location, leverage existing 

data knowledge and infrastructure)

Gorgon – 30 AUD/t (based on 3B AUD project 

cost (to date) to store 100MT (full lifetime), 

(22USD/t). 
(Gorgon Costs will depend on storage capacity 
changes / further CAPEX needed. Lessons learned 
from Gorgon can help industry drive down costs).

International comparison – Quest, Canada 

>USD $50/t – “gold plated”, first of a kind,  

attracting government subsidy (USD 12/t) the 

price will be lower. Onshore.
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Carbon Capture & Storage: The business models II 

➢ MODEL 3: BLUE HYDROGEN/AMMONIA (ENABLED BY CCS)

EXAMPLE: QUEST (CANADA), H2H SALTEND (UK), ADNOC BLUE AMMONIA(UAE)

➢ MODEL 4: HYBRID MODELS

EXAMPLE: ARAMIS (NETHERLANDS), TEESSIDE (UK), SINGAPORE LNG

BUSINESS JUSTIFICATIONS – ALL PUBLICATIONS IN Q1/Q2 2021

AUSTRALIA COULD TRADE $90BN OF LOW-CARBON HYDROGEN ENERGY BY 2050

HYDROGEN HEATING UP AUSTRALIA'S EXPORTS AMBITIONS: TAYLOR

JAPAN HYDROGEN AMBITIONS

INDONESIA MOVES ON CCUS FOR CLEANER AIR AND PRODUCTION BOOST

HYDROGEN: THE MIDDLE EAST'S NEXT BLACK GOLD

UAE SELLS ANOTHER BLUE AMMONIA SHIPMENT TO JAPAN IN PUSH TOWARD HYDROGEN | THE JAPAN TIMES

Natural Gas

Steam
CO2 

needs to be transported 
and sequestered

H2 + 

CO

H2 + 

CO2

Steam

H2
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Model 3: Blue Hydrogen/Ammonia (enabled by CCS)
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Recent published estimates of cost of clean hydrogen production.(IEA 
2019; Bruce et al. 2018; International
Renewable Energy Agency 2019; Hydrogen Council 2020) 
Source:  GCCSI 2021

Model 3: H2 production - Investments
Estimated current cost of clean hydrogen production from recently
published reports.(International Energy Agency (IEA) 2020 
2020b)(International Renewable Energy Agency 2019)
(Hydrogen Council 2020)(Bruce et al. 2018) (only one estimate of cost of 
curtailed renewable with electrolysis).
SMR = steam methane reformation. CCS = carbon capture & storage.
Source:  GCCSI 2021

Hydrogen production Costs

~ 2 USD / Kg 
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LNG Liquid NH3 

(Ammonia)

Methanol / 

Dimethyl Ether 

(DME)

Hydrogen

Plant

Capacity 

(Mt/annum)

9,000 1,300 1,300 / 915 450

Production CAPEX 

MM$

5,225 
(762)(1)

605
(88)(1)

378
(55) (1)

378
(55) (1)

Total Production 

Costs (CAPEX + 

OPEX + Losses) MM$

2,562 314 211 287

Back to Menu

Ship 160,000 m3 Tanker 
CAPEX 
(MM $)

Tanker 
OPEX

(MM $)
$/m3

LNG (68 Mt) 192 22.5 15.3

Liquid NH3

(Ammonia) (109 Mt)
162 24.3 13.87

Methanol / 
Dimethyl Ether (DME)

(129 / 118 Mt)

120 23.4 11

Liquid H2

(11 Mt)
216 19.3 27.66

(1) The discounted cash flow (DCF) rate of 10% for 3 years constructing duration 
and a plant lifetime of 20 years giving a Return of Investment of 14.6 %

Production Investments

Transport Investments

Model 3: Comparison with Traditional LNG - Investments
From:  Al-Breiki & Bicer – Qatar Foundation (2020) & Seddon, 2006 
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Model 3: Comparison with Traditional LNG - Returns

(2) Assuming ~24 trips Qatar-Japan / annum

CASHFLOW LNG Liquid NH3 

(Ammonia)

Methanol / 

Dimethyl 

Ether (DME)

Hydrogen

Delivered Energy / 

ship / Annum (2)

80 MM GJ 50,000 MM GJ 70,000 MM GJ 33,000 MM GJ

Market Price $/GJ 1.5 to 12 
(5.93 ave)

28.2 16.3 12

From:  Al-Breiki & Bicer – Qatar Foundation (2020) & Seddon, 2006 
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CC(U)S - Some technical details
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• SALINE AQUIFERS PROVIDE ADDITIONAL

CAPACITY TO DEPLETED FIELDS

• AQUIFERS HAVE LOWER EFFICIENCY BUT

FEWER INJECTIVITY CHALLENGES

• WELL CONTAINMENT RISK MAY BE LOWER

• DO NOT REQUIRE CONVENTIONAL TRAP

Types of CO2 Geological traps

CO2

CO2

Injector well
Injector well

Abandoned 
Legacy well

Seal

Migration assisted 
storage in saline 

aquifer

Open 
structural trap

Closed 
structural trap

Open semi-regional 
saline aquifer – migration 
assisted storage

CO2

CO2

CO2

Injection in depleted 
field and/or associated 

depleted aquifer

Depleted 
Hydrocarbons field
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REQUIREMENTS FOR A SUCCESSFUL GHG STORAGE SITE

CAPACITY

- From Prospective Storage 

Resources to Marketable 

volumes

- Is it possible to store the total 

volume required?vi

INJECTIVITY

- Scalability: Sustained rates per 

well enabling commercial 

agreements

MONITORABILITY

- Ability to identify or infer 

location of the injected GHG 

at all times

CONTAINMENT

- Geological seal systems

- Legacy Wells status

- Can we store the total volume 

required SAFELY?

- Is the Containment Risk profile 

acceptable?

TRANSPORT & COSTS

- Nr. of wells to attain required 

injectivity

- Infrastructure reutilization 

opportunities

- Transport solution

- Monitoring & Validation

STAKEHOLDERS 

- Commercial implications

- Competing resources

- Authorities policies and 

support

S
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Storage Efficiency

Connectivity

Must have –

Indispensable

Necessary -
Dispensable

Desirable 

Connected 

system / Facies

Fault density

Trap type

Permeability

Net-to-Gross

Reservoir thickness

Porosity

Seal thickness

Seal Facies / 

integrity

Distance to 

GHG source
Geological

Well density (per Km2)

Abandonment status

Wells

Seal faulting

Secondary 

Seal systems

Secondary 

storage units

Water depth

Target depth

Abundance of 

open acreage

Operated  

licenses present

Opportunities for Infrastructure 

reutilization / Possible partnerships

Pore Pressure

SIMOPS e.g. drilling, shipping, seabed activities

Availability of base line environmental data



SELECTION OF SUITABLE STORAGE 

DATA REQUIREMENTS 

Data requirements are for both Saline 

aquifers & Depleted fields Screening

CAPACITY

CONTAINMENT

INJECTIVITY

MONITORABILITY

TRANSPORT & COSTS

COMMERCIAL ASPECTS - STAKEHOLDERS

Reservoir Facies
Fault density PVT Cum. production

Water salinity Water production

Pressure

PLT

Well testsCore Poro/Perms Production history 
(analogue)

Thickness

NtG

Porosity Thickness

Facies 
Seal

Thickness

Thickness

Faulting

Geomechanical data
LT/LOT/VES

Pressure Well density

Legacy wells -
P&A status 

Porosity / NTG

Depth Distance Nr. Wells to fix

Physical access

Infrastructure

Legal access Operated licenses

Open acreage Possible partnerships

Reusable infrastructure

Legacy well accessibility



Screening criteria
(to be) 

Decommissioned fields 

Confirmed Dry 

3/4-way closures

Dipping Saline 

Aquifers

Reservoir 

presence and 

quality

Injectivity

Connectivity

Monitorability  

Containment 

Risk

Structural trap

Caprock Integrity

Fault reactivation risk 
/ Induced seismicity

Legacy wells

Maturation time / Effort / Costs

Scalability

Types of CO2 Geological Storage sites 

CO2 CO2

CO2

Favourable UnfavourableUnknown
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Screening criteria
(to be) 

Decommissioned fields 

Confirmed Dry 

3/4-way closures

Dipping Saline 

Aquifers

Reservoir 

presence and 

quality

Injectivity

Connectivity

Monitorability  

Containment 

Risk

Structural trap

Caprock Integrity

Fault reactivation risk 
/ Induced seismicity

Legacy wells

Maturation time / Effort / Costs

Scalability

Types of CO2 Geological Storage sites 

CO2 CO2

CO2

Favourable UnfavourableUnknown
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Data Availability

Business attractiveness VS. Data availability 

(Open) 
dipping 
Saline 

Aquifers
Business attractiveness = 

Scalability
_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

(Risk profile x Cost) 

(Open) 
dipping 
Saline 

Aquifers

Confirmed Dry 
3/4-way 
closures

(to be) 
Decommissioned 

fields 
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Prospective Storage Resources 

estimates “undiscovered”

SPE SRMS for CO2 storage

Capacity Resources 

“discovered /commercial”

Proved, Probable or Possible

CO2 STORAGE MATURATION TIMELINE 

Phase 1: Screening of CO2 storage resources 

- High level Containment risk assessment
- How much can we permanently and realistically store within a particular area of interest

Phase 2: Feasibility assessment of CO2 storage injection in a depleted field or saline aquifer 

- Multidisciplinary Containment risk assessment  
- Nr. of new wells and wells to be repurposed & adequately abandoned – infrastructure reutilization
- High level assessment of injection profiles 

Storage Resources & Scalability

How much can we store safely?  

→ Build Commercial commitments

Risk Assessment

Containment Risks

Cost & Risk Mitigation

Measure, Monitoring & Verification 
(MMV) Plan, appraisal, # Injectors & 

infrastructure 

Authorities & Stakeholders engagement / trust

Phase 3: CO2 storage development planning

- Injection profiles & nr. of new and re-purposes wells 
- Complete Monitoring, Validation and Response plan 
- Permit application requirements for CO2 injection
- EU Permit requirements & ISO standards

Contingent 

Storage Resources 

“discovered /sub 

commercial”

Time – Effort 
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CARBON CAPTURE & STORAGE: THE ROLE OF AN INTEGRATED SUBSURFACE TEAM

➢ PHASE 1: SCREENING OF CO2 STORAGE RESOURCES (INCL. HIGH LEVEL CONTAINMENT RISK ASSESSMENT) 

➢ HOW MUCH CAN WE PERMANENTLY AND REALISTICALLY STORE WITHIN A PARTICULAR AREA OF INTEREST

➢ PHASE 2: FEASIBILITY ASSESSMENT OF CO2 STORAGE INJECTION IN A DEPLETED FIELD OR SALINE AQUIFER

➢ MULTIDISCIPLINARY CONTAINMENT RISK ASSESSMENT

➢ INFRASTRUCTURE REUTILIZATION

➢ NR. OF NEW WELLS AND WELLS TO BE REPURPOSED & ADEQUATELY ABANDONED

➢ HIGH LEVEL ASSESSMENT OF INJECTION PROFILES

➢ PHASE 3: CO2 STORAGE DEVELOPMENT PLANNING IN A DEPLETED FIELD OR SALINE AQUIFER

➢ INJECTION PROFILES & NR. OF NEW AND RE-PURPOSES WELLS

➢ COMPLETE MONITORING, VALIDATION AND RESPONSE PLAN MEETING AUTHORITIES REQUIREMENTS

➢ EU PERMIT APPLICATION REQUIREMENTS FOR CO2 INJECTION

➢ ISO STANDARDS
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LOW TEMPERATURE GEOTHERMAL ENERGY

Dr Trey Meckel

Monteverde Energy 
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• COOLING & HEATING

• DISTRICT SOLUTIONS (COMMUNITIES)

• HOUSING

• INDUSTRY

• POWER

• PUBLIC GRID

• CONSTANT SUPPLY: 24/7 BASELOAD SECURITY FOR

SOLAR/WIND PROJECTS

• ENERGY-INTENSIVE ACTIVITIES (E.G., BITCOIN MINING)

• CRITICAL MINERALS

• LITHIUM

• ZINC, SILICA

• DECARBONIZATION*

• OIL AND GAS OPERATIONS

• UREA/FERTILIZER

• BIOFUELS

• GREEN HYDROGEN

*Geothermal electric plants produce ~13 g of Carbon dioxide per kWh, 
whereas the CO2 emissions are ~450 g/kWh for natural gas, 900 g/kWh for 

oil and 1050 g/kWh for coal. (Mia, n.d.)

SOME COMMERCIAL GEOTHERMAL APPLICATIONS
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• A GEOTHERMAL RESOURCE REQUIRES CERTAIN GEOLOGICAL

CONDITIONS IN ORDER TO GENERATE HEAT OR ELECTRICITY

• FLUID—SUFFICIENT HOT FLUID MUST BE ABLE TO BE

CIRCULATED TO SURFACE

• NATURAL AQUIFER + RECHARGE

• INJECT-CIRCULATE-PRODUCE (WELL-TO-WELL OPEN OR

CLOSED LOOP OR CO-AXIAL CLOSED LOOP)

• HEAT—THE TEMPERATURE OF THE EARTH’S SUBSURFACE

NATURALLY INCREASES WITH DEPTH AND VARIES BASED ON

GEOGRAPHIC LOCATION

• FOR HEATING PROJECTS, THE IDEAL SUBSURFACE

TEMPERATURE IS >80℃

• FOR ELECTRICITY PROJECTS, THE IDEAL TEMPERATURE AT DEPTH IS
>150℃ (BUT CAN BE LESS IN SOME INSTANCES)

• THERMAL TRANSFER—FLUID MUST ACCESS HEAT SOURCE

• CONDUCTIVITY: FLUID IS HEATED BY DIRECT/INDIRECT CONTACT

WITH HEATED MEDIUM

• CONVECTION: WARMER FLUID IS PRODUCED; COOLER FLUID

REPLACES

3

1 1

2 2

2 2

COLD FLUIDHOT FLUID

1

2

3

GEOTHERMAL BASICS
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New technology 
solutions include low 
temperatures (100⁰C) 

providing there is a 
minimum of 60l/s flow



• WIDE RANGE OF APPLICATIONS AT TEMPERATURES > 30°C 

• EFFICIENCY OF TRANSFER OF GEOTHERMAL POWER TO

ELECTRICAL POWER REACHES A MAXIMUM AT ~150°C 

Yildirim & Akkurt (2011)

“Binary”

Steam

TEMPERATURE VS UTILITY
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• USEFUL WHEN TEMPERATURES DO NOT GENERATE

SUFFICIENT QUANTITIES OF STEAM TO TURN A TURBINE

UNASSISTED

• REQUIRES A SECOND “WORKING” FLUID AT SURFACE

WITH A LOWER BOILING POINT THAN WATER

• HEAT EXCHANGER TRANSFERS HEAT FROM

GEOTHERMAL FLUID TO WORKING FLUID

• COOL GEOTHERMAL FLUID IS RETURNED TO

SUBSURFACE TO REHEAT

• BETWEEN 2007 AND 2019, THE LEVELIZED COST OF

ELECTRICITY (LCOE) OF GEOTHERMAL VARIED FROM

USD $0.04/KWH FOR SECOND-STAGE

DEVELOPMENT OF AN EXISTING FIELD TO AS HIGH AS

USD $0.17/KWH FOR GREENFIELD DEVELOPMENTS IN

REMOTE AREAS

WHAT IS BINARY ELECTRICITY GENERATION?
(ALSO CALLED ORC: ORGANIC RANKINE CYCLE)
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OPEN LOOP SYSTEM
(NATURALLY OR ARIFICIALLY CONNECTED)

DUAL WELL CLOSED LOOP SYSTEM 
(SINGLE OR MULTI-LATERALS)

SINGLE WELL CLOSED LOOP SYSTEM
(COAXIAL)

Basement
(~150℃)

Aquifer
(70-90℃)

Meckel, after Muir (2020)

Increasing surface footprint

LOW TEMPERATURE TECHNOLOGIES
OPEN LOOP VS CLOSED LOOP ENHANCED GEOTHERMAL SYSTEMS
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COMPARISON

OPEN LOOP

• PROVEN TECHNOLOGY

• SUITABLE FOR PROJECTS OF ALL SCALES

• REQUIRES POROUS AND PERMEABLE AQUIFER

• WATER RIGHTS MAY BE AN ISSUE

• 2 WELLS (INJECTOR AND PRODUCER)

• LOOP INVOLVES FLOW THROUGH AQUIFER

• FRACKING REQUIRED TO ESTABLISH CONNECTIVITY

• MICROSEISMICITY

• PRODUCED FLUID MAY GENERATE SCALE AT SURFACE

• LARGE SURFACE FOOTPRINT WITH REGULAR MAINTENANCE

REQUIRED

CLOSED LOOP

• MORE SPECULATIVE TECHNOLOGY

• SUITABLE FOR SMALLER-SCALE PROJECTS

• REQUIRES ONLY HEAT (NO POROSITY NECESSARY)

• NO INJECTION OR PRODUCTION FROM AQUIFER

• 1 OR 2 WELLS (CO-AXIAL OR U-TUBE)

• LOOP IS CONTAINED IN WELL(S)

• NO FRACKING

• NO MICROSEISMICITY

• PRODUCED FLUID IS CONTAINED WITHIN WELL – NO SCALE

• SMALL SURFACE FOOTPRINT WITH MINIMUM MAINTENANCE
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SUITABILITY FOR GEOTHERMAL POWER PLANTS

From Coro & Trumpy (2020)
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GENERATE SOLAR ENERGY AND EXPORT MORE GAS 

Peder Elfving

Renewable Energy Consultant| MSc Industrial Engineering
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RENEWABLES MARKET PENETRATION

GROWING FAST … … BUT STILL SMALL
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RENEWABLE UTILITY 

SCALE PRICING IS 

LOWER THAN 

CONVENTIONAL 

ENERGY

IN 2021 MALAYSIA RECEIVED LARGE SCALE SOLAR RECEIVED TENDERS IN THE RANGES

MYR 0.1768 - 0.2481/KWH (WITHOUT STORAGE)
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ENERGY STORAGE 

COSTS ARE 

DECREASING RAPIDLY

UTILITY SCALE ENERGY STORAGE IS MORE ACCESSIBLE THAN EVER
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SOLAR + STORAGE

• UTILITY SCALE SOLAR POWER HAS THE POSSIBILITY OF PROVIDING EMISSIONS FREE

ENERGY OVER A 25+ YEARS HORIZON

• LOW MAINTENANCE REQUIREMENTS

• ENERGY STORAGE COMPLEMENTS SOLAR BY:

◼ PROVIDING GRID STABILITY BY EVENING OUT EXCESS OR LACK OF ENERGY, 

MILLISECOND REACTION TIMES

◼ TIME-SHIFTING ENERGY AVAILABILITY TO WHEN NEEDED

◼ FREQUENCY REGULATION

◼ BACKUP GENERATION – ALLOWING TIME FOR DIESEL/GAS GENERATORS TO

COLD START AS NEEDED

• OFFSET FUEL IS AVAILABLE FOR EXPORT

Being close to the equator Brunei has high solar 

irradiance securing high output from solar 

power.
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SUMMARY

• WITH THE HIGH SOLAR IRRADIANCE IN BRUNEI DARUSSALAM THERE IS UNUSED

POTENTIAL IN A FREE AND SUSTAINABLE NATURAL RESOURCE

• SOLAR + STORAGE PROVIDES A FANTASTIC EMISSIONS-FREE OPPORTUNITY TO

PARTICIPATE IN THE ELECTRIFICATION TRANSITION

• SOLAR + STORAGE INCREASES THE GRID STABILITY, STORING EXCESS

CAPACITY FOR LATER USE

• USING LESS CONVENTIONAL FUEL FOR LOCAL ELECTRICITY GENERATION

ALLOWS FOR MORE EXPORT OPPORTUNITIES, IN ADDITION TO CCS

Solar + storage example: St.Kitts 34MWp 

solar plant with 48MWh battery storage will 

provide the islands primary power with 

traditional diesel generators providing 

back-up.
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