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Abstract—The electrification of offshore O&G platforms with
offshore wind farms in the off-grid configuration is a business
model that is in the process of developing in the North Sea.
As such, an integrated system consisting of an offshore floating
WTG and O&G production platforms with on-board battery
energy storage system (BESS) is proposed in this paper. With
this proposed system, four different test scenarios are simulated
in ETAP with varying capacity in a modular Battery Energy
Storage System (BESS). Results have shown that the transient
stability characteristics in a conventional system and a proposed
system 1 with only 1MW of BESS, do not meet the IEC standards
for O&G platforms. By doubling the capacity of the BESS, ETAP
simulation results have shown that a proposed system 2, has a
reduction in transient deviation that meets the IEC standard,
IEC 61892-1. In addition, the capital expenditure (CapEx) and
operational expenditure (OpEx) of proposed system 2 is presented
in this paper.

Index Terms—Energy Storage, Microgrids, Oil Platforms,
Power Quality, Renewable Energy

I. INTRODUCTION

Throughout the 20th century and today in the marine and
offshore industry, offshore wind turbine generation (WTG)
has been a prominent and enabling technology to slow down
climate change by reducing carbon emissions [1]. Worldwide
effort has targeted to reduce annual greenhouse gas (GHG)
emissions from the shipping industry by at least 50 percent in
2050, as committed by International Maritime Organisation
(IMO) [2]. Furthermore, the Norwegian Ministry of Climate
and Environment introduced the Norwegian CO2-tax in 1991,
in addition to the EU Emission Trading System regulation,
resulting in the oil and gas (O&G) industry paying both
CO2-tax and EU ETS pricing for GHG emissions [3]. Norway
has also committed to the UN Framework on Climate Change
to reduce GHG emissions by at least 40 percent by the year
2030 [4].

These targets to reduce carbon emissions have led to the
growing interest in feasibility studies in the research and
development of integrating offshore WTG with oil and gas
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(O&G) platforms to reduce the carbon footprint [5]–[8].
Hence, in the latest development in the marine and offshore
industry sector, offshore WTG has been considered as an
alternative source of energy for electrification of O&G
platforms in the North Sea for the world’s first industrial
project [9].

In our recent research study, a battery energy storage system
(BESS) has been proposed to integrate with an offshore float-
ing wind farm and O&G production platforms for load flow
analysis [10]. Hence, this paper seeks to include maximum and
continuous transient stability studies on voltage and frequency
deviations in the proposed system configuration. Subsequently,
the results are compared against the international IEC stan-
dards 61892-1 for oil and gas industry [11] as shown in Table
I.

TABLE I
TOLERANCES VOLTAGE AND FREQUENCY FOR O&G

PLATFORMS

Operation Voltage Frequency
Deviation Deviation

Maximum Continuous Deviation +/-6 / -10% +/-5%
Maximum Cyclic Deviation +/-2% +/-0.5%

Maximum Transient Deviation +/-20% +/-10%
Maximum Transient Recovery Time +/-1.5sec +/-10sec

The outline of this paper is as follows. Section 2 presents
the detailed system configurations for the proposed System
1 and System 2 where System 2 has an increased BESS
capacity. Four different test scenarios are presented in Section
3. Simulations results for the transient condition where there
is a drop in wind speed is presented in Section 4. Section 5
will present the simulation results where the one of the gas
turbines is tripped. The summary of simulation results for all
test cases, will be shown in Section 6. Section 7 presents the
capital expenditure (CapEx) and operation expenditure (OpEx)
of the proposed System 2. Conclusions and future work are
discussed in Section 8.



II. PROPOSED SYSTEM CONFIGURATION
In this section, the detailed system configuration for the

proposed System 1, consisting of 1MW of BESS 1, and
proposed System 2, consisting of two modular units that are
1MW each in BESS1 and 2, is presented in Figure 1.

Fig. 1. Proposed offshore integrated system.

Typical O&G platforms are equipped with three platforms
consist of a utility and living quarter (ULQ) platform, a
processing and heating (CPF) platform and a wellhead
(WHP) platform. These platforms are powered by three sets
of SCGTs to meet the load requirement of the platforms. In
the conventional O&G platforms, two GTs will always be
running and one GT will on standby mode. In sufficiently
large oil fields, the GTs burn extracted natural gas from the
field under normal operating conditions, which powers the
three platforms via three main switchboards that are rated
at 11kV . The output voltage is stepped down via integral
transformers in distribution panels to 3.3kV and 400V , to
power the water injection pumps, gas compressors, drilling
unit, utility loads and etc.. [12].

In the conventional system, the O&G platforms are equipped
with 2 x SCGTs (20 MW ) which has a power factor of
0.8 lagging, where one SCGT acts as an essential GTG 1
and the other serves as GTG 2. The standby GTG has been
removed, which allows integration of the BESS 1 (1 MW )
and 2 (1MW ) on-board the O&G platform. The conventional
O&G platforms will have a fixed load of around 8.5 MW .
The conventional system consists of 1 x 6 MW Siemens
(SWT-6.0-154) Permanent Magnet Synchronous Generator
(PMSG) floating WTGs connected in parallel, which mirrors
the Hywind Park configuration in the North Sea [13]. In
the proposed System 1, BESS 1with an output of 1MW is
installed whereas, System 2 is installed with BESS 1 and 2
with an output of 2 MW . In these two systems, BESS 1 and
2 are installed on-board the platforms and connected to the
11kV main switchboard on O&G platforms.

III. TEST SCENARIOS
In this section, four test scenarios are described, as shown

in Table II.

TABLE II
FOUR SCENARIOS FOR SIMULATION

Scenario Event
1 Continuous wind
2 WTG 1 is tripped and GTG 2 is turned on
3 No wind
4 GTG 2 is tripped and WTG 1 is turned on

These four scenarios are simulated in ETAP 19.0 in
Sections 4 and 5. In these test scenarios, there is adequate
wind speed in Scenario 1 and no wind speed is assumed in
Scenario 3. This simulation study is based on the ability of
the power system, to maintain electrical power to load when
subjected to transient fault such as the loss of a large energy
generation source. Usually, the duration of the trip event to
study transient stability is around 3 to 5 seconds [14], [15].

For these four test scenarios, the simulation results for the
conventional and proposed System 1 and 2 are presented. The
simulation results are compared against the international IEC
standards, IEC 61892-1 for maximum continuous deviation
and maximum transient recovery time, as shown in Table I.
For a fair comparison, the conventional system is assumed to
have two SCGTs running on-board, which are GTG 1 and
GTG 2.

IV. SIMULATION RESULTS:SCENARIOS 1 TO 2
In this section, both the conventional and proposed offshore

integrated system discussed in Section II is started in Scenario
1 and switched to Scenario 2. In Scenario 1 where there
is continuous wind, the WTG 1 and GTG 1 are supplying
electrical power to O&G platforms. In this simulation, GTG
2 is turned on when the WTG 1 is tripped and GTG 1 is
running in operation mode.

A. Case 1: Power Deviation

In this case study, it can be seen from Fig. 2 that Load
(Conventional system) has a significant surge to 1.23 p.u.,
followed by drop of output power to the load of 1.12 p.u. and
the recovery time takes up to about 6s. In this case, there is
transient deviation of 23% from its initial load of 1.02 p.u.. In
comparison, the Load with BESS 1 ( System 1) and Load with
BESS 1 and 2 (System 2) have shown a significantly lower
surge in the transient period by 18% and 14% respectively.

B. Case 2: Voltage Deviation

In voltage deviation, it can be seen from Fig. 3 that there
is a significant surge of output voltage of the Conventional
system which has a maximum transient deviation of 11%
from its initial voltage of 1.03 p.u. and the maximum
continuous deviation is +9.4%. This is significantly higher
than that in System 1, which has a transient deviation of 9%



Fig. 2. Power flow in p.u. when WTG 1 is disconnected and GTG 2 is turned
on (Pbase =8.5 MW ).

with continuous deviation of 8.1%. It is also observed that
System 2 has the lowest surge in transient deviation of 8%
with continuous deviation of 5.7%.

Fig. 3. Voltage in p.u. when WTG 1 is disconnected and GTG 2 is turned
on (Vbase =11 kW ).

C. Case 3: Frequency Deviation

In Fig. 4, it is shown that the Conventional system has a
surge of output frequency which has a maximum transient
deviation of 1.8/-3.3% from its initial frequency of 1 p.u. and
the maximum continuous deviation is 0.1%. In comparison,
System 1 has shown a lower surge in transient period of 1.7/-
2.5% with continuous deviation of 0.1%. It is also observed
that System 2 has the lowest surge in transient period of 1.2/-
1.9% with continuous deviation of 0.05%.

V. SIMULATION RESULTS: SCENARIOS 3 TO 4

In this section, a similar study is conducted when the
conventional and proposed offshore integrated system is
started in Scenario 3 and switched to Scenario 4. Scenario 3
simulates the no wind condition and both GTG 1 and GTG
2 are turned on to electrify the O&G platforms. In Scenario

Fig. 4. Frequency in p.u. when WTG 1 is disconnected and GTG 2 is turned
on (Fbase =50 Hz).

4, when the wind speed picks up till rated speed, WTG 1
is turned on, GTG 2 is tripped and GTG 1 is running in
operation mode to supply power to the O&G platforms.

A. Case 4: Power Deviation

In this case study, it is observed in Fig. 2 that maximum
transient deviation of the Conventional system in load power
is 21% as the initial load is 1.23 p.u.. The load power is
maintained around 1 p.u. after the transient period with maxi-
mum continuous deviation is 1%. A similar surge is observed
in System 1 with 22% in maximum transient deviation. On
the other hand, only 1% in maximum transient deviation is
observed in System 2 as BESS 1 and 2 are switched on
throughout Scenarios 3 and 4 and this maintains quality power
to the load during the transient period.

Fig. 5. Power flow in p.u. when GTG 2 is disconnected and WTG 1 is turned
on (Pbase =8.5 MW ).

B. Case 5: Voltage Deviation

In voltage deviation, it can be seen from Fig. 3 that there
is a significant dip of output voltage to 0.94 p.u. and surge
back of 1.04 p.u. to the load in the Conventional system.
In this case, it is shown that the output load power profile



has a maximum transient deviation of -20% from its initial
voltage of 1.14 p.u. and the maximum continuous deviation
is -10%. System 1 has shown that there is a significant lower
surge in transient deviation of 19% with continuous deviation
of -11%. However, it is observed that System 2 provides
the lowest surge in transient period of 18% with continuous
deviation of -9.5%.

Fig. 6. Voltage in p.u. when GTG 2 is disconnected and WTG 1 is turned
on (Vbase =11 kW ).

C. Case 6: Frequency Deviation

In frequency deviation of the Conventional system, it can
be seen from Fig. 4 that there is a surge in maximum output
frequency of 1.01 p.u. with dip in maximum output frequency
of 0.99 p.u. to the load and the recovery time takes up to
about 4s. In this case, it is shown that the output load power
profile has a maximum transient deviation of 1/-1% from
its initial frequency of 1 p.u. and the maximum continuous
deviation is 0.01%. System 1 has shown a significant surge
in transient period of 1.9% with continuous deviation of
0.01%. In comparison, System 2 has showed the significant
highest surge and dip in transient period of 2.9/-3.4% with
continuous deviation of 0.01%.

VI. SUMMARY OF RESULTS

The summary of simulation results from Sections IV and
V of power, voltage and frequency deviations are presented
in Fig. 8. In the simulation for frequency deviation, the
Conventional system and proposed System 1 and 2 are within
the maximum frequency deviation. In the simulation for
voltage deviation, Section IV-B has shown that all systems
are within the maximum transient voltage deviation but the
Conventional system and proposed System 1 did not meet
the maximum continuous voltage deviation of 6% after 1.5s.
In addition, Section V-B has shown that the Conventional
system has a maximum voltage deviation of -20% which is
barely meeting the IEC standard, as compared to proposed
System 2 which can be lowered to -18%.

Fig. 7. Frequency in p.u. when GTG 2 is disconnected and WTG 1 is turned
on (Fbase =50 Hz).

Fig. 8. Frequency in p.u. when GTG 2 is disconnected and WTG 1 is turned
on (Fbase =50 Hz).

VII. COST ANALYSIS OF PROPOSED SYSTEM 2

The cost of proposed System 2 is based on the CapEx and
OpEx from the cost analysis in United States (US) [16]–[19].
The mathematical function of CapEx cost of GTG, GTGC

on-board the O&G platform is written as follows:

GTGC = [GT10MW (2)(1415)], (1)

where GT10MW represents 10,000kW and GT is
approximately $1415 per kW .

Capital cost of WTG,WTGC on-board the platform can
be calculated in the following equation:

WTGC = [WTG10MW (2870)], (2)

where offshore WT6MW represents 6000kW and GT is
approximately $2870 per kW .



BESS has the lifespan of 10 years and would require double
times of the capital cost for lifespan of 20 years. Thus,
Capital cost of BESS,BESSC on-board the platform can
be calculated in the following equation:

BESSC = [BESS1MW (1930)(2)(2)], (3)

where BESS1MW represents 1000kW and GT is
approximately 1937 $ per kW .

OPEXofGTG1,2 on-board the platform can be calculated
as follows:

GTGO&M = [GT10MW (1930)(2)(89.4)], (4)

where GT10MW represents 10 000kW and OPEX of GT is
approximately 89.4 $ per kW .

OPEXofWTG,WTG1 on-board the platform can be
calculated as follows:

WTGO&M = [WTG6MW (80)], (5)

where WT6MW represents 6000kW and O&M cost of WT
is approximately 137 $ per kW .

BESS has the lifespan of 10 years and would require double
times of the capital cost for lifespan of 20 years. Thus,
Operational and Maintenance (O&M) cost of BESS on-board
the platform can be calculated as follows:

BESSO&M = [BESS1MW (10)(2)(2)], (6)

where BESSO&M represents 6000kW and O&M cost of
WT is approximately 10 $ per kW .

The CapEx and OpEx are shown in Fig. VII, which com-
prise of GTG, WTG and BESS for proposed System 2. Both
of the pie charts have revealed that GTG has the highest cost
of 53% in CapEx and 78% in OpEx. As such, BESS has the
lowest cost 15% in CapEx and 1% in OpEx.

Fig. 9. Cost analysis of CapEx and OpEx of proposed system 2.

VIII. CONCLUSION

In this paper, an integrated system consisting of an offshore
floating WTG and O&G production platforms with on-board
battery energy storage system (BESS) was studied, Using
four test scenarios, ETAP simulations were conducted for

the Conventional O&G platform with 2 GTGs, the proposed
System 1 with BESS that is integrated with offshore WTG
and O&G platforms and a proposed System 2 with a both
BESS 1 and 2 integrated with offshore WTG and O&G
platforms. Simulation results on transient stability between
the Conventional system, proposed System 1 and 2 are pre-
sented. Simulation results have shown that proposed System
2 demonstrated significant improvement in power quality, as
compared to the conventional system. From Scenario 1 to
2, it is shown that the proposed System 2 has lowered the
maximum voltage transient from 11% to 5.7% and maximum
transient frequency deviation of 1.8/-3.3% . Moreover, only the
proposed System 2 fulfilled the continuous voltage deviation
where Conventional system and proposed System 1 have failed
to meet. In addition, switching from Scenario 3 to 4 has shown
that the Conventional system barely meets the IEC standards
with a maximum voltage deviation of -20%, which can be
lowered to -18% by proposed System 2. As such, the proposed
System 2 with a larger BESS capacity is capable of meeting
the transient stability requirements in the IEC standards 61892-
1 and provide quality energy enhancement for the oil and gas
industry. In the cost analysis section with propsed System 2,
pie charts have revealed that BESS has the lowest CapEx and
OpEx, as compared with GTG and WTG.
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