May - June 2019

www.gasturbineworld.com

Flexibility Upgrades
for Future Energy

R
EP
R
IN
T

Carbon-Free
with 100% Hydrogen

Hitting 100% hydrogen

By David Appleyard

The idea of using hydrogen as a medium for storing excess renewable energy
is gathering momentum but to deliver, a number of technological advances are
required. Now, a new technology partnership aims to do just that.

C

onsidered a clean alternative to
natural gas combustion, hydrogen
is attracting growing interest as a medium for storing excess renewable
energy capacity. As Peter Stuttaford,
CEO of Ansaldo Thomassen, and
formerly the Director of Engineering at
PSM, explains: “It’s clear that renewable energy is here to stay. The
footprint of that renewable energy is
only going to increase and we are
seeing the next phase, where there’s so
much of it that it starts to impact the
stability of the grid. We’re looking
beyond renewables to energy storage.
That’s really the next game changer.
“We think storing energy in synthetic
fuel is a very effective large scale way
to approach this. Hydrogen for example is a synthetic fuel. You can store
large quantities of it and then release it
in a way which takes advantage of existing assets.”

However, for this idea to generate
commercial traction resulting in a significant power industry sector, new developments in gas turbine designs are needed and almost all of the major OEMs are
already exploring this area.
One of the latest developments is set
to emerge from the Ansaldo Energia
subsidiary, which is working in partnership with a number of other players to
develop 100% hydrogen-fired turbines.
The group is set to explore development
of a gas turbine demonstrator that will
be able to use hydrogen fuel flexibly as
well as being efficient and generate low
emissions.
In April this year, the consortium
comprising of six partners – Ansaldo
Thomassen, Delft University of Technology, OPRA Turbines, Vattenfall,
Nouryon (formerly Akzo Nobel) and
EMMTEC – was awarded a Dutch government grant to explore the idea.

The ‘High Hydrogen Gas Turbine Retrofit to Eliminate Carbon
Emissions’ engineering development
project is being funded to the tune of
€500,000 by the Dutch Ministry of
Economic Affairs and Climate Policy.
The technology is aimed at the owners of existing power facilities that are
currently being priced out of the
power market by burgeoning renewable
capacity and limited requirement for
peaking capacity.
Europe is awash with stranded gas
turbine assets as some owners are not
running enough hours to meet their conventional business model. Combined
heat and power (CHP) assets have an advantage in that they are producing electricity and heat. In fact a key advantage
of the gas turbine power cycle is the production of heat, which is of high value to
industrial processes as well as residential needs.

Reduction gear. Allows the use of compact 4-pole generators for 50 or 60 Hz applications.

Compressor. The compressor ratio allows for direct
use of low fuel-gas pressures minimizing the need
for external gas compression.
Bearings. Bearings in the cold part allows minimal oil
consumption and a guaranteed oil-free exhaust.
Combustors. Can be fitted and exchanged based on fuel
requirements. All combustor types are interchangeable.
Radial turbine. Allows for high fuel flexibility due to lack of cooling holes
and robust forged design.
Exhaust. Oil-free and high temperature resulting in clean, oxygen-rich
exhaust with high mass flow.

Figure 1. Hydrogen design. Although the bulk of the other internals remain as designed, there are some other considerations
associated with the use of hydrogen-rich fuel mixtures.
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If successful, this hydrogen combustion technology potentially represents
an opportunity for owners to extend and
improve the commercial viability window and extend the operational life of
their asset longer than it otherwise might
be by making a margin on balancing services and other emerging services.
“We’ve got all these gas turbine assets out there. They’re not capable right
now necessarily of burning hydrogen
with very low emissions, but we can
potentially adapt them with relatively
minor upgrades. This allows existing
equipment to be adapted to run as a battery using a synthetic fuel that will fill
the need for energy storage,” says Stuttaford.
Technical challenges

Considering the challenges of running a
gas turbine on 100% hydrogen, in many
respects the fuel is a direct analogue
for natural gas and delivers comparable
ramp rates and performance.
“There are already machines out there
today that run 100% on hydrogen. Typically they are using standard-type diffusion combustion systems that require
additional controls for NOx emissions
such as costly diluent injection and selective catalytic reduction on the backend,” says Stuttaford.
“We wanted to avoid the need for selective catalytic reduction and use dry
premix combustion technology. That
means that you can seamlessly operate
between natural gas and hydrogen but
it does come with significant technical
challenges because of the high reactivity of hydrogen and the need to avoid
damaging equipment with combustion
occurring in the wrong place,” he says.
Stuttaford adds: “This is the subject
of the development work we are doing
now, taking technology that we have
which is suited towards these kind of
highly reactive fuels and extending the
capability so that we can operate flexibly
between hydrogen and natural gas.”
Using the system as envisaged, operators will be able to switch between
varying amounts of either fuel from 0 to
100% seamlessly and on demand.
Stuttaford explains: “There’s really
three elements to that sort of flexibilwww.gasturbineworld.com
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Figure 2. The patented aerodynamic trapped vortex FlameSheetTM is based on a
two-stage nested combustor design.

ity. One is the control system that can
compensate for these fluctuations. For
that our AutoTune product, now already
operating on more than 55 machines, is
really well suited. In the Netherlands
we already have three 9Es where we run
commercially from 0 to 25% hydrogen
and the AutoTune system is able to compensate on the fly for any variation in the
fuel constituency without the need for
a gas chromatograph, but just using the
fuel gas manifold conditions.”
He continues: “The second element is
the fuel gas supply skid, which has to be
appropriately designed and sized to be
able to accommodate the fuel streams,
whether it’s hydrogen, natural gas or
mixture thereof. The third element is the
combustion system, which must be capable of burning this gas with emissions
compliance over the normal load range
and at the normal ramp rate, all those
things.”
The physical design changes are almost exclusively focused on the combustor system and although the bulk of
the other internals remain as designed,
there are some other considerations associated with the use of hydrogen-rich
fuel mixtures.
“You have to look at the sealing of
the gas system, of the valves and anything that’s coming into contact with the
hydrogen fuel to ensure that there’s no
deterioration because of the reactance
of the fuel system with hydrogen,” says
Stuttaford.
“For the downstream components of

the turbine you do see higher volumetric
flow rates, as instead of producing CO2
you have H2O. That does affect the heat
transfer rate of the turbine equipment,”
he says, adding: “That needs to be considered and also any potential impacts if
it’s a combined cycle. All these things
will need to be evaluated, but we already
do that sort of evaluation in performance
upgrades to increase firing temperatures
and output. There is a path and a safe
one that we’re implementing”.
Fuel flexible combustor design

The major objective of the High Hydrogen Retrofit Project is to develop a
cost-effective ultra-low emissions combustion system that can retrofit to existing installed gas turbines. Emissions
are anticipated below 9 ppm for NOx
and CO while the product will be suitable for machines across an output range
from the smallest gas turbines at around
1 MW and right up to the largest frame
machines with power outputs of around
300 MW.
Stuttaford explains: “There’s probably going to be a shift towards more
distributed energy just because of the
nature of the renewable grid. You could
see more local generation coming in and
there will be a focus on smaller, highly
flexible machines.”
Fuel flexibility and stable operation
from 100% natural gas to 100% hydrogen and any mixture thereof, is a key
requirement. This is a key challenge
as extreme changes in fuel reactivity
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Figure 3. Performance curves. In many respects hydrogen is a direct analogue for natural gas and delivers comparable ramp
rates and performance.

switching from natural gas to hydrogen
can result in dramatic shifting of heat
release within the combustor, which can
be physically destructive if not well controlled. The combustor therefore does
take some significant upgrades to run
with such a highly reactive fuel.
Ansaldo Thomassen is a heavy-duty
gas turbine specialist offering all possible services for GE-type gas turbines.
At the centre of the project is the patented aerodynamic trapped vortex
FlameSheetTM combustion technology
platform, developed by sister service
company PSM, based in Jupiter,
Florida, and owned by Ansaldo
Energia.
The FlameSheet combustion system
is operating commercially in multiple
60 Hz F-Class gas turbine power plants
and is achieving required NOx emissions
levels across a range of fuels including
hydrogen mixes of up to 5%. Although
up to 80% hydrogen operation has been
achieved on the FlameSheet with low
emissions in a combustion test rig.
As Stuttaford notes: “The Flamesheet
technology is already running on a large
7 FA machine in the 180 MW range, but
we’re pointing it downwards, down to
the 20 MW range, which are still
frame machines, but then even going
down to the 1 MW range.”
FlameSheet™ is based on a two-stage
nested combustor design. This radiallyinflow “combustor-within-a-combustor”
concept allows staged operation under
various load conditions. At high loads,
both combustors are used, while at low

loads, it is predominantly the outer
combustor only. Leveraging trapped
vortex stabilization aerodynamics, the
outer combustor remains sufficiently hot
and stable even at very low loads to consume CO. The outer combustor flame
structure looks like an annular sheet of
flame around the inner combustor.
The technology claims benefits such
as up to a 30% increase in operating load
range with single digit NOx and CO as
well as superior fuel flexibility characteristics such as a 30% Modified Wobbe
Index (MWI) variation. This, says Ansaldo, makes the design ideally suited
for alternate fuel operation, including hydrogen, whilst maintaining low
emissions.
Project execution

In the first phase of the project, gas turbine manufacturer OPRA and the other
partners will design and test a prototype combustor based on Ansaldo’s
FlameSheet combustor.
The main testing will take place at
OPRA’s combustion test facility in
Hengelo, in the Netherlands. This experimental rig includes a gas mixing
station that can mimic virtually any type
of gaseous fuel while key combustion
parameters are measured. Together with
advanced numerical methods, this will
result in future low-emission and fuelflexible combustion systems.
Initially, atmospheric testing will use
the OP16, a 1.6 MW gas turbine from
OPRA that combines robustness and
simplicity with high performance.

Featuring an all-radial design and
moderate pressure ratios, OPRA Turbines advanced combustion systems already offer multi-fuel capability, giving
the OP16 the ability to handle a wide
range of liquid and gaseous fuels at low
pressures.
The four external can-type combustors allow easy access to the hot gas path
in the turbine hot flow path reducing the
amount of downtime during maintenance. Turbine bearings are located in
the cold section of the machine in an
overhang design ensuring an oil-free
exhaust flow. This also improves reliability and allows the OP16 to achieve a
40,000-hour service interval, according
to OPRA.
With a small footprint and low
weight, the OPRA turbine is
typically packaged within two 20 ft
standard con-tainers, one containing
the air filtration system, allowing for
quick and easy installation. These
compact and low-weight packages
enable
easy
transporta-tion and
installation. The standard OP16 Package
has a noise emission level of below
80 dB(A) while additional layers of
sound insulation can bring this down to
as low as 70 dB(A).
Combustors can be fitted and exchanged based on fuel requirements
and all of the combustor types are interchangeable. For example, the OP16-3B
is a pre-mix dry low NOx combustor capable of handling gaseous fuels between
30-52 MJ/kg.
Stuttaford notes: “The project is
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expected to demonstrate the ability to
use an atmospheric rig that can do 0 to
100% hydrogen and do that flexibly in
2020. The second phase is the potential
engine demonstration on a small engine
and high pressure testing. The phase after that would be testing in a frame machine as we get to 2023.”
Pre-commercial or full serial roll out
is anticipated several years later. “That
depends a little bit on what size machine you’re looking at. For the large
frame machine we want to demonstrate
commercial operation in 2023,” says
Stuttaford.
He continues: “We have in place the
subsidy agreement and the partnership
and that’s a signed agreement and potentially covers all phases all the way up to
engine demonstration. Right now we’ve
got to focus on phase one and the success criteria to consider phase two. We
have got to get through these hurdles to
be able to justify going forward to the
next steps. Investment certainly grows
in the next phases. Engine demonstrators are multi-million euro projects. To
justify those kind of expenditures we
need to have some proof that this is all
going to work.”
Nonetheless, together with contributions from the various partners, the half
million euro subsidy is sufficient to execute the initial phases of the programme.
As Stuttaford says: “It’s quite enough to
do phase one; selecting a small machine

for the demonstration keeps the cost
down. Also, the partners are typically
bringing something of their own to the
project. For example, we’re going to use
the test facilities at OPRA to do the atmospheric demonstration. We’re bringing a lot of in-kind engineering at cost to
the project. Financially, the investment
is about 50:50 so we get about half from
the subsidy and then half from the partnership and all partners are contributing
with engineering hours, sometimes with
cash.”
Delft University of Technology, for
instance, is providing advanced theoretical, computational and experimental
experience in support of advanced high
hydrogen combustion development.
Costing storage with hydrogen

In terms of the cost of its solution, Ansaldo says it is aiming to match other
kinds of storage technologies, such as
lithium ion batteries, redox flow batteries or compressed air for example. But
there is another considerable advantage
associated with the hydrogen conversion
solution.
“When you look at the cost of any
kind of new power plant it’s significant.
Without the further heavy investment of
a new asset, it’s possible to take an existing power plant and at a small fraction
of the initial capital cost keep it performing to achieve the requirements of the
market place which can be carbon free,

Figure 4. Wind turbines can be used to produce hydrogen. There is a growing
opportunity where excess renewable generation can be harvested and stored and
released through the gas turbine during peaks.
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can be flexible,” notes Stuttaford, adding: “Utilizing equipment which can be
retrofitted is the differentiator with this
particular solution. You’re not throwing
out your equipment, you’re just modifying it.”
Looking forward, like much of the
energy sector, Stuttaford suggests the
coming years will be characterized by
a steadily changing transition period as
new fuels and new technologies emerge.
He says: “I don’t see necessarily that
you’re going to be running these large
300 MW machines on 100% hydrogen in the near future, the real issue is
the fuel and the cost of the hydrogen.
But, we do see this opportunity growing where excess renewable generation
can be harvested and stored and released
through the gas turbine during peaks.”
He continues: “I suspect that initially
we will be talking about growing proportions of hydrogen offsetting natural
gas. So what you need is flexibility. The
amount of hydrogen available may vary
during the day and we can burn whatever is available and supplement that
with natural gas. Hydrogen has got a lot
of potential with its energy density, it’s
all going to come down to cost and how
cost effectively can hydrogen be produced. I think that’s the big unknown,
but if we can start harvesting the green
energy and that becomes a significant
amount then there could be a tremendous opportunity.”
As for the FlameSheet hydrogen project it all comes down to a flexibility upgrade for future energy.
“Hydrogen is one of those key upgrades where you not only get clean
energy, but fast starting, fast ramping –
making machines more flexible so that
they can respond to the market place.
Flexibility can produce good revenues
in a very challenging market place and
there’s going to be space for that in this
renewable world that we’re heading to,”
says Stuttaford.
He concludes: “That’s one of the
main advantages of the gas turbine, its
tremendous flexibility in operating range
and mode. Able to ramp up and down
and change load very quickly, gas turbines are able to run cleaner and with
zero carbon output if we provide them
with the right fuel.” ■
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