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1. Introduction

The world’s first semisubmersible drilling rig with Energy Storage System (ESS), and the world’s first
Jack-up rig with hybrid power plant, will be operational with a Siemens Blue Vault™ Energy Storage
System.

After several years’ experience with marine installations, both with 3™ party supplied batteries, and Siemens
own batteries (after the establishment of the factory in Trondheim in 2018), Siemens has, for the first time,
introduced the Energy Storage technology to offshore drilling installations.

1.1. West Mira

West Mira is a semisubmersible 6™ generation drilling rig.
The rig has been recently upgraded with 4 ESS systems, one on each redundancy group, connected to the
LV distribution system.

West Mira rig; Image author: Neil Robertson; Image shared with permission from the photographer

The ESS is capable of delivering 4 x 1500kW for peak shaving and as back up. With 75% state of charge
it can supply 6MW power for up to 9 minutes.

By having an additional power source on each redundancy group the rig will be able to operate most of the
time with two gensets less than what would be possible without the ESS. This will result in a huge emission
and fuel reduction (estimated to approx. 12%) as well as reduced engine running hours (estimated approx.
40%), hence maintenance costs.

1.2. AKOFS Seafarer

The AKOFS Seafarer is the first Well Intervention Unit which has been upgraded with an Energy Storage
System. Commissioning is still ongoing, and we look forward to the sea trials and operation.
The upgrade consists of two ESS connected to the Medium Voltage system, one on each bus.

Restricted
MTS DP Conference - Houston October 15 - 16, 2019 Page 3




Simone Bertolucci Power Energy Storage Solutions deployed
for DP vessels

The ESS will provide additional “spinning” reserve allowing to operate with one genset and one ESS on
each bus most of the time, with great reduction of gas emissions and fuel consumption.

1.3.New projects

Siemens has now an order for ESS upgrades with an un-disclosed rig-owner on a Jack up unit.
The rig will be retrofitted with 2 ESS systems, for a total power out capability of 3600kW.

The implementation of ESS will add energy to the grid levelling out power peaks to obtain a constant load
on maximum 2 engines resulting in higher average load at the lowest point of the Specific Fuel Oil
Consumption Curve and enhanced engine performance.

Furthermore, ESS will enable the recovery of wasted energy from electrical braking charging the ESS,
energy which with the currently rig layout is not being utilized and therefore disposed in the water cooled
brake resistors as heat.

In this case the ESS will be placed in containers and installed on deck while the rig is offshore.

In all these projects, the hybridization will provide significant reduction of the carbon dioxide and NOx
footprint, fuel consumption and maintenance costs.

In addition, the system also provides enhanced reliability and safety during drilling operations, reducing
the chances of a blackout, total or partial.

2. The challenge with hybrid power in DP vessels

Missing rules and regulations to implement batteries in DP vessels has been a challenge, however this has
now been implemented by major class societies.

Oil companies and operators have limited experience with batteries in DP applications and many still
consider this new technology to be a risk.

With hybrid power solution it is feasible to operate in DP3 with only one engine running and batteries as a
backup, consequently the first vessels with hybrid power are operated with more engine running than
strictly required. It is a compromise between emission/ fuel cost and needed backup power. When enough
experience is gained with hybrid power, we will see more vessels operating with down to one engine,
whenever the load conditions allow it.

Introducing batteries is considered to be a hazard with respect to personnel safety and fire. This is mitigated
by introducing batteries with high integrity arc proof cabinets and battery modules tested for thermal
runaway.

Additional safety will also be achieved by installing the batteries in purpose made battery rooms according
to new class requirements.
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= Exhaust system
= Busbar system
= Battery Isolation and Protection

= Plug In type modules
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= Cooling circuit (not shown)

= Roof (arc relief not shown)

= Doors

The cost for retrofitting ESS in existing vessels has been a big challenge, and will still be, as long as the oil
companies are supporting the operators with fuel included in the contracts. Moreover, in countries where
there are no taxes on CO2 and NOx emissions, the economical motivation for retrofitting the ESS is lacking.
For vessels operating in Norwegian waters, CO2 and NOx emissions tax is applicable and will give most
DP vessels a good business case to upgrade with ESS.

Implementing ESS in new built vessels, will on the contrary reduce the CAPEX as well as the OPEX. For
a conventional DP vessel, the rating and number of engines is designed for worst case failure leading to
power plants much bigger than needed. The CAPEX by installing ESS will be reduced by reducing the
number and rating of installed engines.

For both retrofit and new builds operating in Norwegian waters, there are today public entities such as NOx-
fund and ENOVA that can provide funding for emission reduction projects, making the business cases even
better.

The picture below shows an example of expected cash flow in a typical ESS project.

Restricted
MTS DP Conference - Houston October 15 - 16, 2019 Page 5



file:///C:/Users/jan.payne/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/SemTech%202019/Siemens_Energy_Storage_System_rev08.exe

Simone Bertolucci Power Energy Storage Solutions deployed
for DP vessels

Cummulative cash flow

kr 80000 000

Upgrade project
kr 60000 000 start

Funding

\

333537394143454749515355575961636567697173757779

kr 40000 000

kr 20000 000

kr -
kr -20000 000
kr -40000 000

Simple
kr -60000 000 payback time

Start operation
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3. The Hybrid Alternatives

To get full advantages of an ESS in all relevant operational modes, advanced power electronic units for
efficient system integration into any power grid is mandatory.

3.1.Connection to HV/LV AC grid

One possible connection for the ESS is the AC grid.

Having the ESS directly connected to the AC grid (only), at a HV or LV, makes it very easy to integrate
the Storage system to the rest of the power generation system. In this case the ESS can easily be treated as
an additional, static generator, providing additional “spinning” reserve to the system, hence allowing to
reduce the number of rotating machines in operation. In new built vessels the total number and rating of
gensets can even be reduced, if ESS is taken into consideration.

Vessel AC bus (HV or LV)

I
%

ESS
Feeder

Tranformer

CGC m

The limitation of this solution is that, unless AFE inverters are utilized for the heavy loads, there is no
possibility to regenerate power from the electrical braking of those motors, such as the drawworks, anchor
winches, etc.

3.2.Connection to the DC grid

In DC power distribution plants or where heavy loads are only connected to a DC bus, a pure DC solution
can be recommendable. In this case the ESS batteries are connected to the DC bus via a DC/DC chopper
(CES) which regulates the power flow in and out of the batteries.
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3.3.Connection to the AC and DC grids

The most flexible solution would be a system that connects the battery system both to the DC grid via the
CES converter and, at the same time, to the AC via a CGC and transformer.

Vessel AC bus (HV or LV)
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Tranfomer

CGC Ui
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CES

E

Battery
System

DCBus

This solution combines the two systems shown above and provides the highest
degree of flexibility and operational benefits.

The ESS can be considered as an additional generator providing non-rotating
spinning reserve. In addition, the direct connection to the DC bus, allows to
regenerate power into the batteries as well as into the grid.

The possibility to regenerate energy into the batteries and into the grid has other
indirect advantages:

- Possibility to reduce or eliminate the braking resistors;

- Reduction or elimination of auxiliary loads related to the braking
resistors, such as the sea water pumps.
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3.4. Autonomous Bluedrive Thrusters

For those applications where the complete autonomy of the thrusters is of extreme importance, a good
solution is to have a local Energy Storage System for each Thruster drive. Siemens solution for this is an
integrated, Autonomous Bluedrive Thruster VFD lineup, as shown in the single line below.
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ﬁ Motors

ESS
890 kWh

Thruster
Motor
4500 kW

The lineup includes:

- one rectifier

- the thruster converters (number, depending on motor rating)

- one CES (DC/DC chopper) for up to 1800kW power

- One inverter + transformer for the Thruster auxiliaries such as the azimuth and the cooling
pumps.

- The batteries (quantity dependent on required backup power and time) can be also installed in the
same lineup (not shown here).
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4. ESS integration

A hybrid power plant is not only about the means of energy storage, be it batteries, super capacitors,
flywheel or fuel cells. The integration of the energy storage system into the power plant and its operation
philosophy has a huge impact on the reliability and efficiency of the power plant. Not all hybrid systems
are as robust or as reliable and not all provide the same degree of efficiency.

4.1.Reliability
The robustness or reliability of Siemens Bluevault™ ESS can be explained in 7 bullet points:

Autonomy -> ESS droop control, no cross connections.

Independence —> Self-contained local control unit for each ESS unit.

Segregation -> ESS location follows the DP redundancy group

Differentiation -> Redundant protection with different algorithms to safeguard failures in

the ESS and power plant

Fault tolerance —> Redundant auxiliary and control power supply.
Fault resistant -> Thermal runaway limited to one cell only. Fault segregation at battery
pack level.

Fault ride through - ESS must be designed to withstand short circuits and ground faults in the

power plant.

4.2.Cost efficient design

There are several aspects to take in consideration to design a battery system, in order to guaranty the
required performance and at the same time ensuring a cost-efficient lifecycle. Some of the important
aspects to consider are:

Minimum 10 years lifetime

Lithium-lon NCM battery cells

Cell temperatures to be controlled at approximately 20°C

Water cooling to ensure uniform cooling of each cell with minimum temperature gradient within
the battery pack.

State of charge of the battery (SOC) to be controlled between max 85% to minimum 15%.
Depth of Discharge (DoD) when peak-shaving to be limited to a minimum possible (10-20%).
Energy allocated for spinning reserve to be available at all time, to be utilized in case of a major

system failure such as a generator trip.
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When the batteries must serve two so different purposes, such as Peak shaving of heavy load variations
and as Backup power in WCF of the power system, the tradeoff of all these parameters can be
challenging.

The typical process to define the optimal battery system is:
- Analysis of the load profile (actual or expected)
o Analysis of the load peaks and the peak shaving performance
o Analysis of the average loads and spinning reserve calculation in WCF
- Battery sizing
- Simulations of battery load cycle as function of DoD, SoC, temperature, etc..

The Bluevault™ batteries are specially designed, with a good balance between energy density and
maximum power out, to meet this challenge.
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5. Digitalization

As for most of the modern electric and hybrid vehicles, new state of the art offshore hybrid power plants
must keep the pace with the digital world. Siemens ESS comes as standard with an integrated solution

digitally prepared and condition monitored by SOGO Digital, which includes:
e Local and Remote diagnostic

Condition monitoring and condition-based maintenance

Power plant Operation Supervision.

Documentation: electronic documentation available online.

Service and maintenance history.

Planned work packages available online.

5.1.System overview

()

The data flow concept in the SOGO Digital solution is outlined E e
in the figure. Data is collected from the control system and any  oasuoar
third party systems required and inserted into the Historian for i)
long-term storage. The Analytics server runs the analytics BT
framework, the script runner as well as a web server. For storage
of application data, such as configuration of applications, and "=
condition monitoring results, a relational database is used. The e /Fl A?
dashboard web server will use data both directly from the i S =
historian and the calculated values from analytics database. The oo
user connect using any web browser on a computer that has g
access to the web servers, e.g. within the customers office Hstorlan
network.
The solution also connects to a Cloud Service. It is possible to ="
use either raw data from the historian or calculated values from . E't
analytics in the cloud services. “Gaoway

E=H

s

Equipment

5.2.Condition based maintenance and condition monitoring

Script Runner

3

3rd Party

3

3rd Party

SOGO Digital is always connected to the Bluevault™ ESS. Thousands of signals are monitored and
analyzed at all time, providing a complete picture of the system conditions. This allows for predictive or

condition-based maintenance, reducing or eliminating the need for planned maintenance.

Typical signals that are collected and continuously monitored are:
- Each cell temperature
- Each cell voltage

- State of Charge
- State of Health
- Power IN and OUT
- Humidity
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- Cooling water IN/OUT temperature
- All component alarms and diagnostic

5.3.Remote Power plant Operation Supervision

With a hybrid power plant is always very interesting to see how the plant is utilized, where the power is
coming from and what the efficiency of the plant is.

The ESS dashboards make this information clear and available to anyone who has access to the SOGO
Digital from any platform using HTML5 (Desktops, mobiles, tablets, ...).

SIEMENS
lngeraiy for e
Energy Storage System

Fuel Consumptior

o s 8w

3980 w

F o = B -

LN B
(K223 - R - ) - |

Engine run time €02 Emissions NOx Emissions
S 8 wioBs o 8w ® s 8 mons \

Accumulated:  NQOK 14.4k

Dashboards like the one shown above provide a comprehensive picture of the gas emissions, fuel
consumption, engine running hours and estimated OPEX coming from all those cost driving values, both
for the system as is and for the system without ESS (calculated).

This is an excellent tool for keeping record and reporting of the savings coming from the introduction of

the ESS.
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