











Figure 4:
HL-class features

Figure 5:
Common H- and HL-class
design features

3 Siemens Evolutionary HL-class

Siemens has introduced the HL-class as the technology carrier to the next level of efficiency
and output. It is based on the reliable engine architecture of the SGT-8000H series with
design features proven over years of operation. With the HL-class, Siemens combines
technical evolution with technical revolution.

The Siemens HL-class consists of three engines: SGT6-9000HL, SGT5-9000HL and SGT5-
8000HL. In simple-cycle operation, the SGT-9000HL series will provide a capacity of 388MW
for the 60Hz version and 567MW for the 50Hz version. The SGT5-8000HL will provide
481MW. All engines exceed 63% efficiency in combined cycle operation with a mid-term
goal to reach 65%.

3.1 Reliable Design DNA
The HL-class shares the H-class proven engine architecture that allows for reliable and
flexible operation.

Some of the key elements of this architecture include Hydraulic Clearance Optimization
(HCO) which reduces degradation through tip-clearance optimization, maintains hardware
integrity and eliminates hot restart restrictions.

A single tie-bolt steel rotor with hirth serrations prevents rotor imbalance by allowing self
centering of rotor discs. Furthermore, it eliminates the lifetime impact on the rotor brought
upon by high load gradients by creating cooling air passages and allows for on-site destack.

The air-cooled four-stage turbine design is reliable and proven and the can annular combus-
tion system with identical burner count for H- and HL-class engines helps to achieve higher
firing temperatures and provide operational flexibility.
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Figure 6:
HL-class key technologies

Figure 7:
Real site testing and validation
alliance with Duke Energy

3.2 Cutting-edge Technologies

For the HL-class, Siemens continued with its proven approach of developing, testing and
utilizing key technologies. Siemens engineers developed an Advanced Combustion Efficiency
System (ACE) for greater efficiency and reduced NOx emissions at higher firing tempera-
tures. Advanced compressor 3D blading was developed for better aerodynamic behavior
and increased performance during part-load operation, and an innovative multi-layer
thermal barrier coating (TBC) reduces wear of key components and allows for increased
service intervals. Super-efficient internal cooling features for turbine blades and vanes
reduce losses caused by cooling air supply and thereby raise efficiency. A free standing,
internally cooled turbine blade 4 reduces the exhaust losses of the gas turbine.
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3.3 Testing and Validation

Testing and validation is an integral part of Siemens gas turbine development. Upgraded
components and technical solutions pass through a series of tests designed to minimize
technical and commercial risks. The key technologies developed for the HL-class have been
thoroughly tested at Siemens owned test facilities, including component testing at Siemens
Clean Energy Center, prototype testing at Siemens Berlin Test Facility and testing and
validation under real site conditions in the Siemens operating fleet.

In accordance to Siemens thorough testing and validation philosophy, the SGT5-8000H was
tested and validated in open cycle operation from 2007 to 2009 in Irsching, Germany,
under a hosting agreement with E.ON SE with subsequent commissioning of the entire
combined cycle single shaft unit in 2011. Similarly, the first HL-class engine will be tested
and validated in Duke Energy’s Lincoln County site starting in 2019. The Duke Energy tes-
ting and validation alliance will be beneficial to both parties. This opportunity allows Siemens
to validate the entire gas turbine and generator package on an actual grid as well as verify
durability through long-term endurance testing, while enabling Duke Energy to have early
access to Siemens’ latest technology.

Siemens’ successful validation approach, proven with the SGT-8000H series and applied to
the evolutionary HL-class, has been accepted by the insurance industry, enabling the HL-class
to already have LEG 2 insurability. This is the main precondition to achieve bankability and
obtain attractive financing conditions.

This unique arrangement with Siemens offers a significant cost saving
to our customers while providing one of the most advanced, efficient gas
turbine units in the U.S. This new technology will provide us with flexible

peaking power needed to complement intermittent solar energy resources
for our customers and lower emissions across our fleet.

David Fountain
Duke Energy’s North Carolina president
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3.4 Constructability

Siemens has reinvented the methodology for plant construction with a modular Power
Core™. The Power Core™ consists of prefabricated Siemens Solution Blocks and prefabri-
cated pipe racks. These plug and play blocks are fabricated and tested in a controlled manu-
facturing environment and delivered to site as large modules which can be lifted into place
for assembly. For the customer, that means increased safety, improved quality, accelerated
schedules, less dependence on the availability of skilled local labor, and overall lower
project risk. An average lead time reduction between four and eight weeks can be expected
in combined cycle projects.

Prefrabricated modules offer multiple advantages during construction. Modules are deliv-
ered to site and installed in place. This eliminates much of the material handling associated
with stick built construction, drastically reduces the amount of work above grade and the
associated scaffolding, and improves the safety of the site. Prefabrication enables much of
the skilled labor to be moved to a controlled factory environment enabling higher quality,
quality control and pre-testing prior to delivery, ultimately reducing schedule risk. Building
separate modules also reduces congestion on site, enabling multiple units to be con-
structed in parallel.

The Siemens Solution Block concept has been successfully implemented at sites around

the world. Examples of sites which employed these solutions includes Knapsack I CCPP
near Cologne in Germany and La Caridad in Mexico which achieved a reduction of approxi-
mately 40,000 man-hours by using a prefabricated pipe rack and resulted in an overall
schedule reduction of one month. In addition, a 940MW electric CCPP in Lordstown, Ohio
(USA), and Castle Peak Power Company Limited’s new combined cycle unit in its Black Point
Power Station in Hong Kong are being built using Siemens Solution Blocks.

Total Steel installed: 52.5t .
Mo of Transport Units: 6

Figure 8: )
. . No. of Pipe Supports: .o,
Siemens Solution Block — 1054 i

Prefabricated pipe rack module / i Weight of Transport Units:
in numbers H H 7t,9t, 10t, 10t, 118, 12t

No. of Shop Welds: 654 ...,
No. of Site Welds: 154
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¢ Carbon Steel
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3.5 Plant Flexibility

Siemens has been the industry leader in flexible combined cycles for more than a decade
and continues that innovation leadership with the HL-class combined cycles. The HL-class is
capable of extremely fast start and ramp rates of up to 85MW per minute as well as unre-
stricted hot restart. The SCC6-9000HL Flex-Plant leverages these capabilities enabling
unrestricted gas turbine start-up in simple or combined cycle configurations. With Siemens
Co-Start™ technology, combined cycle power can be achieved in as little as 20 minutes.

As part of the Siemens Flex-Plant family, the SCC-9000HL is available with a broad range of
flexibility features which can be tailored for each application, including Clean-Ramp™
technology to keep units with SCR technology in emissions compliance while ramping,
Siemens Dash™ technology to enable fast duct fired facilities, and Siemens Energy-Con-
trol™ system for fast starting air-cooled facilities.

Siemens Flex-Plants are designed to enable reliable operation over the full life of the plant
whether the plant is base loaded or frequently cycled. To enable fast, frequent high cycling
capability without a service impact, Flex-Plants incorporate Siemens patented Benson or
Drum-Plus™ boiler technology and plant design and integration features specifically de-
signed for cycling. Siemens has been successfully designing and building flexible combined
cycles for over 18 years with more than 400,000 operating hours and more than 10,000
starts in operating flexible large combined cycles.

Siemens’ extended scope solutions offer a broad range of operations from Power Island to
Turnkey Power Plant and includes Siemens new Power Core™ offering. The Siemens Power
Core™ introduces unique pre-designed and prefabricated pipe rack and solution modules
which reduce plant construction time, increase construction safety and reduce overall
project risk.

3.6 Service and Digitalization

The Siemens global service team integrates the collective knowledge and experience of
Simens global fleet of more than 1,300 large gas turbines. This highly professional field
service team is located in five service regions and service engineering teams are dispersed
globally across 13 offices in eight countries. Along with the multiple service repair shops
and warehouses worldwide, the team is able to provide timely maintenance response.

Figure 9:
Siemens’ global large
gas turbine fleet

RME

230

R
Global fleet of >1,300 units worldwide

POWER-GEN International in Las Vegas, USA, December 5-7, 2017



Figure 10:
Serviceability of Siemens
gas turbine components

The HL-class products are designed to optimize serviceability, leading to highly competitive
maintenance intervals for increased engine availability. The maintenance concepts are
suitable for various operation regimes including both hours-driven and starts-driven opera-
tion. With higher durability capability of key components, HL-class products with optimized
operation expense allow maximization of customer long-term value.

Like the SGT-8000H engines, the HL-class engines have a proven single tie-bolt rotor design
which allows for easy on-site destack. Entire stage 1 and stage 4 rotating turbine compo-
nents can be removed and replaced without a cover-lift. All compressor and turbine blades
are removable without a rotor lift. The design of the turbine casing enables roll-in/roll-out
of stationary parts with the rotor in place. Siemens has implemented innovative field ser-
vice concepts to optimize outage duration, enhance flexibility and ensure precision and
safety.

Stage 1/blade 4 Roll-out/roll-in

The HL-class is designed to plug-in to Siemens suite of digital products. Siemens digital
offerings are designed to maintain profitable life-cycle operation, increase availability,
operability, and flexibility while guaranteeing cyber security. Based on data analytics, plant
condition and performance monitoring, Siemens provides intuitive insights in engine
operation, plant optimization and decision support for operation and maintenance. Advan-
ced operation simulation for training and risk mitigation and integrated digital asset ma-
nagement are available for quick access to relevant information.

Over the years, Siemens has collected operating data and has monitoring experience of
over 25 million operating hours. Building on this experience, the HL-class offers connectiv-
ity to MindSphere, the cloud-based Siemens operating system for the Internet of Things
(IoT) for advanced analytics and intuitive insights through customizable apps. Connecting
turbines and plants to the digital world enables our customers to uncover transformational
insights across their entire business.

4 Conclusion

Siemens delivers on promises. Even highly complex projects are finished on time and on
value. With its latest development in the gas turbine and power plant portfolio, Siemens
demonstrates once again its leadership in innovation and technologies that provide real
value to its customers.

The SGT-8000H series is well received by customers as demonstrated in the latest project
success in Egypt and has globally collected more than 500,000 fired hours of fleet experi-
ence. The same DNA is incorporated in the high-efficiency HL-class.

With the HL-class, Siemens can offer its customers improved performance and availability,
higher operational flexibility, improved constructability and serviceability and hence lower
LCOE. Siemens is continuing to deliver what it is best known for: reliable, high performing,
cutting-edge technologies.
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Permission for use

The content of this paper is copyrighted by Siemens and is licensed to PennWell for publi-
cation and distribution only. Any inquiries regarding permission to use the content of this
paper, in whole or in part, for any purpose must be addressed to Siemens directly.

Disclaimer

This document contains statements related to our future business and financial perfor-
mance and future events or developments involving Siemens that may constitute forward-
looking statements. These statements may be identified by words such as “expect,” “look
forward to,” “anticipate,” “intend,” “plan,” “believe,” “seek,” “estimate,” “will,” “project,” or
words of similar meaning. We may also make forward-looking statements in other reports,
in presentations, in material delivered to shareholders and in press releases. In addition,
our representatives may from time to time make oral forward-looking statements. Such
statements are based on the current expectations and certain assumptions of Siemens’
management, of which many are beyond Siemens’ control. These are subject to a number
of risks, uncertainties and factors, including, but not limited to those described in disclo-
sures, in particular in the chapter Risks in Siemens Annual Report. Should one or more of
these risks or uncertainties materialize, or should underlying expectations not occur or
assumptions prove incorrect, actual results, performance or achievements of Siemens may
(negatively or positively) vary materially from those described explicitly or implicitly in the
relevant forward-looking statement. Siemens neither intends, nor assumes any obligation,
to update or revise these forward-looking statements in light of developments which differ
from those anticipated.
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Trademarks mentioned in this document are the property of Siemens AG, its affiliates or
their respective owners.

TRENT® and RB211® are registered trade marks of and used under license from Rolls-Royce plc.
Trent, RB211, 501 and Avon are trade marks of and used under license of Rolls-Royce plc.



