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Application and development prospects of
double-reheat coal-fired power units

Most pulverised coal combustion (PCC) plants employ single-reheat cycles. However,
double-reheat cycles can significantly improve the electrical efficiency of PCC plants. Surprisingly,
no double-reheat units have been commissioned since the 1990s. However, with rising primary
energy costs, more stringent emission limits and advances in thermal power engineering,
double-reheat cycles are being considered to minimise the cost of electricity, reduce emissions
and prolong valuable coal supplies; especially in China.

Historic deployment and performance of double-reheat units

From the 1880s to the 1950s, PCC power plant employed a single circuit of steam through a boiler
and turbine. In the early 1950s a single steam reheat loop was introduced to increase the
electrical efficiency by a few percentage points. The additional reheat loop requires additional
boiler and turbine components, which increases capital expenditure, but the additional costs are
paid for with fuel savings. In the late 1950s, a second reheat loop was established. Double-reheat,
shown below, increases electrical efficiency over single-reheat by one to two percentage points.
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Process Flow Diagram (PFD) of a standard double-reheat steam cycle

Most double-reheat units were built around the 1960s and 1970s in Germany, the USA and Japan.
Double-reheat units fell out of favour in the 1970s largely due to the introduction of nuclear
power and combined cycle gas turbines, and also, persistently low oil prices. By 1998,
37 coal-fired double-reheat units had been commissioned globally, amounting to 17.7 GWe just
0.4% of the total global fleet of PCC units.

The performance of double-reheat technology peaked with Nordjylland unit 3 in 1998, reaching
ultra-supercritical (USC) steam conditions of 582°C/580°C/580°C/29 MPa, setting a world record
in electrical efficiency at 47.2% (net, LHV). Compared to single-reheat cycles, the historic technical
performance, and operational and maintenance (O&M) costs of double-reheat cycles are similar.

Development prospects and new build double-reheat units

Rapid growth in the Chinese economy, and its increased demand for electricity, has led to the
planned commissioning of 10 GWe of USC double-reheat units in 2015 alone. As of mid-2015,
Guodian Taizhou power plant has two double-reheat units at with USC steam conditions of
600°C /620°C/620°C/29 MPa, which are the largest double-reheat unit size in the world at
1000 MWe each and set a new world record in electrical efficiency at 47.94% (net, LHV).

Improved double-reheat steam cycles, such as the Master Cycle, the Echelon Cycle and the
Regenerative Turbine, employ a separate turbine module for feedwater preheating. Such cycles
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slightly improve the electrical efficiency of double-reheat units up to 50% net electrical efficiency
(LHV), whilst significantly reducing capital costs.

Improved plant configuration to reduce the length of pipework can increase unit efficiency and
reduce capital costs. Waigaogiao unit 9 plans to mounts the higher pressure steam turbine
modules at the same level of the boiler steam headers outlets and the lower pressure turbine
modules in the conventional turbine house to reach roughly 48.9% net electrical efficiency (LHV).

Advanced ultra-supercritical (AUSC) technology, which uses nickel alloy components to achieve
higher steam temperatures, is understood to become commercial in the early 2030s. A 600 MWe
demonstration unit, using double-reheat at steam conditions 700°C/720°C/720°C/35 MPa
achieving up to 50% net electrical efficiency (LHV), should be operational in Japan in 2021. From
2031, commercial AUSC double-reheat units are expected to reach 54% net electrical efficiency
(LHV).

The figure below shows a scatter graph of the efficiency and unit size of all double-reheat units,
operating, decommissioned, under construction and the planned AUSC units.
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Final remarks

Double-reheat technology is a proven technology for high efficiency and low emissions (HELE)
power generation. When designing a new a pulverised coal fired power plant, the decision to opt
for double- or single-reheat is based on an economic trade-off between capital cost and fuel cost,
which differ globally.

Presently in China, compared to single-reheat, double-reheat units have a payback period for the
incremental capital costs of just 6.25 years. Rising concern of climate change is leading to costs
associated with emitting carbon dioxide. Such costs should be accounted for, as they favour
double over single-reheat.

New build double-reheat units are unlikely in Europe and North America due to high capital costs,
flat electricity demand, more stringent emission regulations, the need for carbon capture and
storage (CCS) and rising electricity generation from renewable sources.

Please see the full report for a comprehensive review, analysis and assessment of the application
and development prospects of coal-fired double-reheat units.
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The introduction of
double-reheat cycles
coincided with the first
application of austenitic
steels to increase steam
temperature to supercritical
and ultrasupercritical (USC)
steam conditions.

in the late 1950s and early
1960s double-reheat units
suffered from operational
problems, high
maintenance costs and low
availability associated with
the use of new austenitic
materials with superheat
steam up to 649°C and
34.5 MPa.

These problems were
unrelated to the number of
reheats and were resolved
by de-rating the superheat
steam to 565°C and 25
MPa, or lower. Since then,
the technical performance
of double-reheat units has
been comparable to single-
reheat units.
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