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World Oil Demand and Libya’s Realistic Potential to
Increase its Oil and Gas Production Capability
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World Oil Demand 2050

JOURNAL OF
PETROLEUM
» TECHNOLOGY

1.0 cubic foot of gas = 1.037.0 BTU
Quadrillion = 1000 Trillion

BOE = 6000 cu ft

_ US Energy Information Administration’s (EIA) 2020 predictions. Renewables are

projected to be the most-used energy by 2050. However, by simply looking at the graph, one
can see that renewables will produce 250 quadrillion BTU by 2050, and oil and natural gas

combined will produce about 445 quadrillion BTU.

[EO2019 projects renewables the most used energy source by 2050
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Original Hydrocarbon Resources
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Crude Oil Reserves

Recoverable Reserve (MMBbI)
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Proved Oil Reserves
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Remaining Reserves

Remaining Proven Gas Remaining Proven Oil

Reserves Reserves
(tcf) (billion bbls)
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Remaining Reserves

Key Facts
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Development of Discovered/Undeveloped Reserves

= Several discoveries with significant reserves are awaiting
redevelopment:

> 0il: 4.1 billion bbls

> Gas: 18.5 trillion cubic feet
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Exploration Potential

» The volume of recoverable reserves (Billion BOE)
of possible new discoveries is
estimated to be approximately

6.5 billion bbls of oil and
13 trillion cu ft of gas
(8.5 billion BOE).

= The needed investments are
estimated at $42.5 billion

based on a cost per discovered barrel
approximately $5.

150

Discovered m Undiscovered Future Exploration
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Has Libyan reserves been optimally developed ?

Primary Recovery Oil Recovery
|

Natural Flow Arificial Lift T oo
f Secondary Recovery
d
l ] J0-50%
IOR/EOR Waterfiooding Pressure Maintenance
Definition :
I TertiaryLRecovery u;f;g"gofg
l | | I
§ Thermal Gas Injection Chemical Other
\ m COs AS\lkall Micmblgl
r urfactant Acousti
+ Combustion m Polymer Elactromagnatic

From SPE-SPE-34008, 67864
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Potential Reserves IOR/EOR

« Additional oil reserves of 6.5
billion barrels (+4% of OOIP 150
billion bbls) could be achieved by (Billion BOE)
(workovers and infill-drilling).

6.5

\

« Approximately $45.5 billion needs
to be invested based on the

estimated capital and operating 4
cost/bbl of ($7). |

Discovered H EOR
Undiscovered B Future Exploration
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Major Events Affecting Oil Production

35 Nationalization
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Major Events Affecting Oil Production
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Reservoir Performance Evaluation of Major Libyan Oil Fields

Reservoir life exploitation cycle

Plateau
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\ Qmin

Development
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Reservoir Life Exploitation Cycle

Sustained production
phase

The sustained production
phase or “production

Plateau o
plateau” should be Decline Phase
maintained for as long as i o
. Development
possible by pressure
maintenance, infill drilling, Discovery TIME

Appraisal

Late Phase of
Depletion

artificial lift, etc., however it

ends when the production

rate is less than 90% of
Qmax-
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Reservoir Life Exploitation Cycle

Sustained production
phase
al il £ LY :u;# Lo Ll =
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Reservoir Life Exploitation Cycle

Maximum Efficient Rate (MER):

The maximum sustainable daily oil or

gas withdrawal rate from a reservoir Plateau _
which will permit economic P,
development and depletion of that v
. . . . eveiopmen
reservoir without detriment of ultimate
recovery. Discovery TIME
Appraisal

Late Phase of

The maximum rate at which oil or gas Depletion
can be produced without damaging
the reservoirs natural energy
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Reservoir Life Exploitation Cycle

Maximum Efficient Rate (MER):
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Reservoir Life Exploitation Cycle

Reservoir Performance H Field

Ann. Oil Rate % Rec Res.

Hamid

ON STREAM SINCE 1990

OO0IP= 110.5 MMSTB
NP % REC RES =76.5%

\ REMANING RES =3.0MMSTB
ALT.REC FACT=10.8%

ACT.REC FACT =8.1 %

‘”\/»’\x

10 20 30 40 50 60 70 80
Cumulative oil production (Np) % Rec. Res.

90
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Reservoir Life Exploitation Cycle

Group 1: The initial production rates of this reservoir was high 8% & declined sharply thereafter
(this reservoir was not fully developed), however, production continued at low depletion
rates for a very long time with substantial reserves still remaining.

Reservoir Performance — N Field
ON STREAM SINCE 1966
Np % REC. RESERVE = 73.7%
REMAINING RESERVES ~ 1000 MMSTB

10

Ann. Oil Rate % Rec. Res.

0 20 40 60 80 100
Np % Rec. Res.
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Reservoir Life Exploitation Cycle

Group 1: The initial production rates of this reservoir was high 6% & declined sharply thereafter
(this reservoir was not fully developed), however, production continued at low depletion
rates for a very long time with substantial reserves still remaining.

Reservoir Performance - A Field

Annual Oil Rate Cum. Oil Recovery
As (%) Of Recoverable Reserves
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Reservoir Life Exploitation Cycle

Group 2: The short plateau level of this reservoir is about 4% & currently entered the late stage of

Ann. Oil Rate % Rec. Res.

depletion at a rate of 1%. In other words, producing at decreasing rates of depletion in spite
of the fact that the remaining reserves are still high.

Reservoir Performance — G field

6 ON STREAM SINCE 1964
Np % REC. RESERVE = 70.8%
REMAINING RESERVES ~ 1000 MMSTB

0 20 40 60 80 100
Np % Rec. Res.
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Reservoir Life Exploitation Cycle

Group 2: The short plateau level of this reservoir is about 3% & currently entered the late gtagg of |
depletion at a rate of 1%. In other words, producing at decreasing rates of depletion in spite
of the fact that the remaining reserves are still high.

Reservoir Performance — D field

Annual Oil Rate  Cum. Oil Recovery
As (%) Of Recoverable Reserves

ON STRCAM SINCE 1966
Np % REC, RESERVE = 55.2%
REMAINING RESERVES ~ 2500 MMSTB
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Reservoir Life Exploitation Cycle

Group 3: The annual depletion rate of these reservoirs is relatively very low about 2% or less. And in
order to realize these huge reserves at these rates, it would take an extremely long time.

Reservoir Performance — W field

ON STREAM SINCE 1964
Np % REC, RESERVE = 51.6%
REMAINING RESERVES ~ 2000 MMSTB

N

Ann. Oil Rate % Rec. Res.

0 20 40 60 80 100
Np % Rec. Res.
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Reservoir Life Exploitation Cycle

Group 3: The annual depletion rate of these reservoirs is relatively very low about 2% or less. And in
order to realize these huge reserves at these rates, it would take an extremely long time.

Reservoir Performance — X field

Annual Oil Rate  Cum. Oil Recovery
As (%) Of Recoverable Reserves

ON STREAM SINCE 1972
Np % REC. RESERVE = 56.9%
REMAINING RESERVES ~ 1000 MMSTB

=




37 Ll (o8 Jadill A aliiy) 3 80 3aly ) adl gl CililSaY) g Jadill altal) callal)

Cum. Oil Recovery (% of recoverable reserves) vs Time

Group 1

ON STREAM SINCE 1966 " Annual Ofl Rate  Cum. Oil Recovery
NP LTS REC RESERVE = 73.7% Aﬁ (O,h) Of Rt‘t()\"‘f'!hl!‘ Ressrves

REMAINING RESERVES ~ 1000 MMSTB

Ann. Oil Rate % Rec. Res.

0 20 40
Np % Rec. Res.

60 80 100
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Cum. Oil Recovery (% of recoverable reserves) vs Time

Group 2

ON STREAM SINCE 1964 Annual Oll Rate  Cum. Oil Recovery
Np % REC. RESERVE = 70.8% As (%) Of Recoverable Reserves
REMAINING RESERVES ~ 1000 MMSTB

Ann. Oil Rate % Rec. Res.

0 20 40 60 80 100
w1292 Np % Rec. Res.
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Cum. Oil Recovery (% of recoverable reserves) vs Time

Group 3

D

Annual Oll Rate  Cum. Oil Recovery
ON STREAM SINCE 1964 As (%) Of Recoverable Reserves

Np % REC, RESERVE = 51.6%
REMAINING RESERVES ~ 2000 MMSTB

N

Ann. Qil Rate % Rec. Res.

0 20 40 60 80 100
Np % Rec. Res.
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Reservoir Life Exploitation Cycle

Reservoir Performance - S field

Ann. Oil Rate % Rec Res.

ON STREAM SINCE 1989

OO0IP= 1356 MMSTB
NP % RECRES = 73.2%

REMANING RES = 213.8MMSTB
ALT.REC FACT= 56.4%

ACI. RECFACT=41.2%

AN

10

20

30 40 50 60 70

Cumulative oil production (Np) % Rec. Res.

80
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Reservoir Life Exploitation Cycle
Maximum Efficient Rate (MER):

Annual production Rate

= 0.05
Recoverable Reserves

Annual Oil Rate= 0.05 x Recoverable Reserves

= 0.05 x 9.0 billion bbls

= 450 million bbls

4 -
Daily Oil Rate = 50 = 1.23 million bbls

365
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Reservoir Life Exploitation Cycle
Maximum Efficient Rate (MER):

After Four Years

cumulative production = 123 x 365 x 4

= 1.80 billion bbls

Remaining reserves = 9.0 - 1.80 + 4.1

11.3 billion bbls

: : 11.3 x 0.05
Daily production =
365

= 1.55

Required reserves assuming 2 million bbls

million bbls

2 MMbbls

X

365

0.05

14.6 billion bbls



43

L (8 Jaill A1 8,00 By 3 doadl g SR g Jadill altall )

Daily Production of Oil and Associated Water

as of December 2023
H oil
B water
1200000
1000000 Dally Oll PrOdUCtion =1.2 MMBBLS
300000 Daily Water Production = 2.1 MMBBLs
600000 o
Average Water Oil Ratio = 1.7
400000
200000 II I I I
O . I. — | - - . —
. D > A o B
-& \\ N\ o N O D N
,bq,? 2 @’b ®® & & < V\@& NESHPY:>




44

Ll 4 Jadal) diN) 3 ) Saly 3 Al o) lilSaY) g il altal) ulkal)

1200000
1000000
800000
600000
400000
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Daily Production of Oil and Associated Water
as of June 2024

M oil

W water
Daily Oil Production = 1.25 MMBBLs

Daily Water Production = 1.77 MMBBLs

Average Water Oil Ratio = 1.4
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Associated Water Production and its Effect on the Environment
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@t

Associated Water Production and its Effect on the Environment
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Associated Water Production and its Effect on the Environment
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Conclusions

It must be highlighted that 80% of discovered Libyan oil reserves have been
produced since initial start of oil production in the early Sixties. Remaining proven
reserves must be efficiently and optimally produced.

 Significant capital investments are required escpeciall for redevelopment of the
giant oil fields which contribute approximately 85% of Libya’s production.

« Gas exploration has been relatively ignored historically. Therefore, in new
exploration activities more focus must be on gas exploration.

 The realistic oil production rate that may be achieved by 2028 is approximately 1.55
m|II||on bbls/day and to sustain this rate, 565 million bbls are needed to be added
yearly.

« As of now, Libya will not be part of the 2050 energy mix of the world unless
addltlogal significant oil and gas reserves and a source of renewable energy are
secured.
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Recommendations

« Focus must be on redevelopment of Giant oil fields that contain 90% of
Libya’s oil reserves by attracting significant foreign investments and
applying modern technology to maximize reserves recovery.

« Expedite development of Discovered-Undeveloped fields.

* Increasing capacity of oil production in Libya depends highly on increasing
oil reserves which require implementing latest technology in exploration,
modern drilling techniques, and IOR methods.

 Investments are also needed for rehabilitation and maintenance of aged
and damaged pipelines and facilities of oil fields and oil terminals.
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Recommendations

« Expedite review and re-evaluation of EPSA IV and JV agreements to
introduce attractive and competitive fiscal terms to kick-start exploration
and development activity.

« Resumption of drilling and exploration operations must be expedited in
all exploration areas, without exception, and made available for foreign
iInvestment.

« Research is currently conducted in the USA to develop a way to combine
associated produced water and CO2 to transform them into value-added
products. It is highly recommended to follow up on this research and be
part of it.
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Recommendations

» Libya must develop a clear
strategy to diversity its
economy and sources of
iIncome to end total
dependence on oil income.

 This strategy is to exploit oll
wealth by investing in
alternatives sources of
sustainable energy such as
solar energy to be part of the
world energy mix.

[E02019 projects renewables the most used energy source by 2050

Primary energy consumpfion by fuel, world
quadrillion Bntish themmal units

200 History Projections
renewables
250 1—7,—-/' petrofeum
;r::'.."»‘:’
200 p—— ‘KQJ’SS‘
P i e, natursl gas
150 T o —_— coal
100 //—
50 nuciear
0 - - . Y
2010 2020 2030 2040 2050
Nxe 1= inciuges Sickss

Source: U.S Eneroy




THANK YOU a1 s

g @Al Ay gpall pad 3

jupd Mg oMl U

e 22024 5% 29




Back Up



References |

 Wood Mackenzie, Libya Upstream Summary, June 2020.
* Christopher Johnson, “Oil Exploration Rockets As Risks Rise”, February 2010, Reuters.

e Klaus V, Owen Phillips, “The Economics of Enhanced Oil Recovery”, University of
Wyoming.

* EIA, U.S. Energy Information Administration, “Technically Recoverable Shale Oil and
Gas Recourses, September 2015.

* Tim Haidar, “Top 10 Shale Oil Rich Nations - 5 - Libya, Oil & Gas 1Q”, 01.07.2013.

 Mohsen Khzam, “Future of Oil and Gas in Libya”, Libyan Energy Sector, Tripoli
University, February 2015.

 Arifi, Nagmeddin, “Libya’s Potential To Enhance Its Production Capabilities”, Investment
Opportunities in Libya’s Oil and Gas Markets Conference, 19-20 April 1999, Geneve,
Switzerland.

* Libya Map From TEKMQ.



References I

 North Africa Assessment Team, USGS, “Assessment of Undiscovered
Oil and Gas Resources of Libya and Tunisia”, 2010.

o s hliasan e dilall e i) o)) olis s £ 1" 1 dan giall (35 Cl i g3
2020 e — Yl Gl “Adlall
* Organization of the Petroleum Exporting Countries, “OPEC Data Base”.

e AY.Zekri and K.K. Jerbi “Economic evaluation of Enhanced oil
Recovery” Oil & Gas Science and Technology — Rev. IFP Vol. 57 (2002)
No. 3



Shale QOil and Gas Reserves

* Libya is home to the Silurian “hot Shale”, the
most important Paleozoic hydrocarbon source in
North Africa and Arab Peninsula.

* Libya is ranked eighth in the world for shale oil
and gas reserves.

* It is estimated that the three geologic basins
(Ghadames — Murzuk — Sirte) contain Technical
Reserves of 122 trillion cubic feet of shale gas
and 26 billion barrel of shale oil.

* These quantities require very advanced
technology that has been recently developed in
the USA. Shale oil & gas development require
very significant capital investments.
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Problems Associated with Shale Qil and Gas

* The production of oil and gas from
shales has a potentially serious
impact on the environment.

* For specific areas of concern
dominate discussion regarding
development of the source:

» Greenhouse gas output

»Water consumption (15 million liters of
water per well) and pollution

»Surface disturbance (earth tremors)
»Socioeconomic effects
> Breakeven cost $70.

Shale gas extraction

Water, sand
and chemicals

Well —e

Water table Gas flows out

Water, sand and chemicals
injected into well

Shale Fissure

Shale | [ s ¢f ¢/ &
Hydraulic |+ '@
fracturing —L‘? § [ {f»— Fissures
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Reservoir life exploitation Cycle

Maximum efficient rate (MER):

Defined as the maximum sustainable daily oil
or gas withdrawal rate from a reservoir which
will permit economic development and
depletion of that reservoir without detriment of

Plateau

ultimate recovery. The (MER) is the maximum Nl g
rate at which oil or gas can be produced b o o ‘
without damaging the reservoirs natural 3

o o . Iscovery TIME
energy. If oil is extracted from a reservoir at a Appraisal o
rate greater than the maximum efficient rate of Deplation

recovery, then the natural pressure of the
reservoir will decline resulting in a decrease in
the amount of oil ultimately recoverable.
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