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MHPS - Business Activities/ Products

Gas Turbine Combined Cycle (GTCC)
Power Plants

E -
Integrated Coal Gasification Environmental Plants SCR (DeNOy) Generators
Combined Cycle (IGCC) Power Plants Systems / Flue Gas desulfurization

Power Generating Plant

Geothermal Power Plants Peripheral Equipment
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How is the situation on EU energy markets?
Mt MHPS Germany as an example. (I) Vitsubishi Hitachi Power Systems

Annual renewable shares of electricity production

(TWh) in Germany increases dramatically.
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How is the situation on EU energy markets?
/M+ MHPS Germany as an example. (II) Mitsubishi Hitachi Power Systems

Increase of net installed electricity generation from

renewable energy sources (RES) capacity in Germany is
mainly non-controllable, variable RES (solar and wind).

QO Grouped @ Stacked @Hydro Power @ Biomass O Uranium O Brown Coal  QHard Coal OMineral Oil (O Gas Wind onshore
0 Wind offshare Solar

Net installed electricity generation
capacity in Germany

105.35
100.00

90.00

80.00

70.00

60.00

50.00

Power (GW)

40.00
30.00

20.00

---------

2002 2003 2004 2005 2006 2007 2003 2009 2010 2011 2012 2012 2014 2015 2016 2017

Datasource: AGEE, BMWi, Bundesnetzagentur

Last update: 03 May 2017 21.22 Source: www.energy-charts.de



Power (GW)

How is the situation on EU energy markets?

m MHPS Germany as an example. (III) Mitsubishi Hitachi Power Systems

Fossil power plants must be operated more and more flexible

(especially hard coal, but also lignite). RES have feed-in
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How is the situation on EU energy markets?
M MHPS Germany as an example. (IV) Mitsubishi Hitachi Power Systems

As a consequence of subsidies for the electricity generation

from RES the electricity market price decreases and fossil
power generation is squeezed out of the market.
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How is the situation on EU energy markets?
M MHPS Germany as an example. (V) Mitsubishi Hitachi Power Systems

Over generation leads to significant electricity export. More flexible power

plants and bulk enery storage plants will become crucial for energy systems
with high penetration of RES.

But: Prices on electricity-only market are currently too low for implementation
of flexibility measures and for bulk energy storage and the market for control
energy is not able to compensate this lack of profit.
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M MHPS projected German Energy System 2050 Mitsubishi Hitachi Power Systems

Energy-System State 2050 (target)
( 100 GW max. load demand
Control-Energy Cross-Sector-Market 397 GW available capacity

59 GW conventional
Power to Heat 259 GW renewables
14 GW storage

53 GW cross sector

Vehicle to Grid 12 GW biomass

[[1ds19A0

Load demand is expected
Energy from renewable sources to slightly rise until 2050

with needed surplus production (13 GW)

>315% (259 GW) Demand Side Management
to be planned and operated

Secured energy from conventional power plants, by big consumers
CHP, multi-fuel & bio-mass; «<20% CO,

Conventional power plant
fleet to decrease to 50%

electricity = a “cheap”
commodity




How is the situation on other energy markets?
m MHPS Ca|lf0rnla as an example. Mitsubishi Hitachi Power Systems

Also in the Californian electricity market RES will probably lead to a

more flexible operation of fossil power plants, to decreasing electricity
market prices and to over generation risk.

Typical Spring Day

28,000

The duck curve shows the net load, which
I JRe is the difference between forecasted load
and expected electricity production from

el variable generation resources.

22,000

20,000 —
Actual 3-hour ramp

Megawatts

18,000 > 10,892 MW on
Net load for _February 1, 2016
16,000 conventional power ramp nee —
plants will decrease, ~13,000 MW
14,000 especially in the , in three hours
middle of the day 2019
12,000
over generation /
10,000 risk
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Source: California ISO, 2016




How to deal with over generation from
M MHPS renewable energy sources? Mitsubishi Hitachi Povier Systems

Over generation from RES

=Ty “Typical Sprng Dey

RES curtailment Flexible power plants ||[Energy storage Others

- Contra \/ - DSM
climate goals « Consumers time-
of-use rates

« Increase
electricity market

area

(import/export)
\/ « Vehicle-to-grid

(storage)
Store ‘green energy' from
RES in power plants!

e Power-to-Fuel
- LAES/CAES
« TES in conventional PP




Power-to-Fuel: Carbon recycling as a flexible

Jt MHPS solution for excess energy utilization Vitsubishi Hitachi Povier Systems
Industry Emission-to-Liquid Technology Markets
Emission 1380 kg

—_

—- Liquid fuels
N —) CO, Capture = 1000 kg

Clean
RES Power —>
Generation '

Conversion |
193 kg . Raw materials
Methanol :

Hydrogen CH;OH
generation = H,=55MWh/t i=—3
from electricity

Hydrogen
off-gas from
industry

Courtesy of Carbon Recycling International
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Ht MHPS status of the technology

George Olah Plant at Carbon Recycling International
World’s First Power to CO, Methanol Plant in Svartsengi,
Iceland

Le) r .
4,000 t/a methanol I
6,000 t/a CO, recycled }! = ,:'1__ '_;::};
6 MW, electrolysis

0 o

Courtesy of Carbon Recycling International

Mitsubishi Hitachi Power Systems

EU R&D Project to demonstrate Power Plant connected, flexible operation
1 MWy, (peak) EUR 11million Other partners:
1 t/day Methanol 80% EU funding * = Genoa University (ltaly)
Project start: = Cardiff University (UK)
12.2014 = Catalysis Institute (Slovenia)
Duration: 4 years = |-deals (Spain).
University of
Duisburg-Essen
Germany

Hydrogenics

Belgium Carbon Recycling

International
Iceland

Steag Power Plant
unen, Germany

O s &
"{fev’w

*'Synthesis of methanol
D\o\“ from captured carbon dioxide
Mﬂ’u using surplus electricity” which is funded
under the EU funded SPIRE2 -Horizon 2020
with the Grant agreement no: 637016

Horizon 2020

B Power to Methanol (PtMeOH) is commercially available today in industrial scale
B Methanol and Methanol derived products can be supplied for the fuel sector immediately

1 Confidential In
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Overall system energy balance of PtMeOH, grid
H MIHPS connected plant with bleed steam used from PP wisuishi Hiachi pover systems

1145 MW,

7 +1.8 MW, 8500 full load hours
> “IOW cal"bon” O 100 kt/a 65MW(LHV)
2
AP=1.8 MW, SSN Methanol
water electrolysis ! H,0
fuel] L N S
Twater ' </ '
Hy| I
X v .| Methanol .| Methanol !
flue gas synthesis "1 distillation
T(co2 eany CO2 E | Synmesis | E
== _I 1 1
Post combustion ' | u :
“ CO, capture '@'E_ e !
T flue gas MWth MWel
(CO, rich) PCC 11.9 1.8
MeOH 0.0 24
Electrolyser 0.0110.3
Electric Power P, Thermal Power Q,, - Bleed -11.9 1.8

Total Ap,; = 116.3 MWel

B Industrial Scale Plant: 100kt/a, component efficiency as state-of-the-art 2016
B Steam 1.01 MWh,/t MeOH (electricity loss factor 15% = 0.15MWh_/t)
M Electricity 9.74 MWh,/t MeOH
= Total 9.89 MWh/t (1y_n=55.9%)

Electrolyser: 4.4 kWhel(AC)/Nm3
Post combustion CO, capture: energy demand 2600 kJ/kgco,

1sent of Mitsubishi Hitachi




M MHPS How to implement power to fuel? Mitsubishi Hitachi Power Systems

W Electricity 25.0 €/ MWh m Equity 30%

B Heat as electricity loss W Interest rate 8%

W Auxiliaries 16.8 €/t ® Debt 70%

B Fixed OPEX 5.5 Mio€/a W Interest rate 4%

B Investment 186 Mio€ B Depreciation time (calculated for full payback of the plant)

- Case 1. Production with grid electricity
in Germany from spot market, 570 g CO.,eq/kWh *

= Fuel carbon footprint: 283 g CO,eq / kWh (200% increase?)

: Mio € /year

= “Fossil methanol” (265€/t) Electricity e 0
Methanol 26.5

= Operation with negative EBITDA » é‘é’l"T"grA'eS & Operating :;:5

= The product needs the same premium that biofuels get & low
carbon electricity has to be used

* UBA 2016, calculation for 2014
#fossil fuel baseline standard from COUNCIL DIRECTIVE (EU) 2015/652: 94.1 g CO,eq / kWh
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Low carbon methanol fuel from low carbon

m M H PS e|eCt I"ICIty Mitsubishi Hitachi Power Systems

- - Case 2: Production of “low carbon” methanol in Sweden

. - M Use of grid electricity with 25 g CO,eq / kWh
B Carbon footprint methanol: 12.4 g CO,eq/MJ = 87% reduction v/
B Sales in Germany ==

B Premium assumed: 40% of 470€/t CO, emission saved*
B Premium: 306 €/t (added to 265€/t)

Mio € /year
Electricity -25.0
Methanol 26.5
- . v Premium 30.6
M Pay-off time: 9.82 years _ .
Auxiliaries & Operating -7.2
EBITDA 17.2

B Plants can be operated without other incentives or subsidies
B when (proven) low carbon electricity is used
B providing a premium price and competitive sales

*penalty from BImSchG, but new (future) reference value 94.1 g CO,eq/MJ
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CO, Intensity of the produced methanol fuel -

Jt MIHPS calculated from grid carbon footprint Vitsubishi Hitachi Power Systerms
7 0%
90 E 9.89 MWh_/t
/ - 10% _
0 B Reference value for reduction:
= 0
footpant 70 / 20% " co, 94.1g CO,eq/MJ
of MeOH T - 30% footprint 1 2
[g €O,../Mi]60 (%] KWh 2
/ - 40% peference | Iceland 0.207 | 2
50 94.1 g/MJ) Mozambique 0.493 | £
/ —) - 50% Norway 2.458 %g
40 Nepal 3.376 | =«
/ - 60% Switzerland 3.421 | 5§
33.5.9/MJ - £s
30 7 Zambia 3.549 | 5 ,
- 70% Democratic Republic  of 2.600 | = 2
Congo i 8
20 - 80% Albania 10.133 | = 3
Sweden 24.733 | ¢ E
10 - 90% Tajikistan 25.737 | 5 g
M Angola 42.117 | 55
0 -y 0% Costa Rica 70.762 | £ ¢
0 50 100 150 200 France 75.927 | &4
CO, emission from electricity [g CO,/kWh] Georgia 99.045 | < £
Kyrgyzstan 101.392 %?
Brazil 110.151 | 3o
Ethiopia 132.020 | 9§
- - - Lithuania 135.098 | 85
B Few countries offer suitable low carbon electricity phamse: 8%
<2
directly from the grid oh
S n
. g . . om .2
B Others ways for certification to be established! =6

33.5 g/MJ = value to be fulfilled by biofuels in future (60% reduction compared to biofuel baseline of 83.8 g CO,.,/MJ)

2ntial Information.
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Operational needs for Power to Fuel

m M H PS |n Sta I |atIO N S Mitsubishi Hitachi Power Systems

B Power to Fuel is technically complex and requires high investments
B Thus, requirements

B industrial scale plants (min. 50-100kt/year)
for economy of scale & economic operation without subsidies

M certain base load of low cost, low carbon electricity

to reach sufficient full load operation hours for the payback of the investment

but:

B few base load RES electricity producers are available
hydro power (restricted availability)
waste incinerators (partially RES only = other electricity needed too)
electricity from biogas or biomass CHP (expensive)

B grid services may serve only as an additional income

= Economic operation requires external low carbon electricity via grid in most cases

ary and Confidential Information. This document or information cannot be reproduced, transmitted, or disclosed without prior w 1 consent of Mitsubishi Hitachi Pow

© 2017 Mitsubishi Hitachi Power Systems, Ltd.



m M H PS POWG r'tO' FU eI . S umma I"y Mitsubishi Hitachi Power Systems

Power to Methanol is a cross sectoral energy storage
B avoids curtailment of RES & allows an increased RES installation
B avoids cost of curtailment, extensive grid refurbishment & electricity storage
B reduces agricultural land use for biofuels, and
B reduces emissions in industry, energy and transport sectors

Power to Methanol can be economically built today at industrial scale
(100+kt/year)

CO, capture and PtMeOH are commercially available today
Reliable boundary conditions for the certification of low carbon fuels are needed
B GHG savings to be proved case by case, focused on the origin of energy

B Direct access to certified low carbon electricity is needed
to allow a level playing field for investments in different (EU) countries



M MHPS Mapping of Energy Storage Technologies Mitsubishi Hitachi Power Systems

A Source: U.S. Energy Information Administration, based on Energy Storage Association Better for energy man agement
High
Energy
Capacitors
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Flywheels Batternes
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m MHPS LAES - quL“d Alr Energy Storage Mitsubishi Hitachi Power Systems

A

Liquid Evaporation/

AIR Compression Liquefaction Air o Expansion AIR

Storage

Cold
Storage

I
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GT-LAES - Stand-alone or Retrofit based

M MHPS on mature Components Mitsubishi Hitachi Power Systems
Storage
> GT-LAES - Output (Air
combines energy T el P
Heat recovery el

storage with GT
peaker plant

air heater -

Intercooled air-
compression

E Lique- — Evapo-
faction N~— rator
Storage e e
Input: Gas turbine I
Cold storage .
10 a‘z’BB"&w [ (new or retrofit)
- el <
~—
Efficiency: Natural
gas In
_ N
r]system =81-83% > < Liq. ai,’
Ner =52-56% Liquid ! i
air - I
Ne =83-86% : :

Mco, < 240 kg/MWh,,

and Confidential Information. This document or informatio not be reproduced, transmitted, or discl: withc of Mitsubishi Hitachi
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LAES Process in Detail - 76 MW GT-LAES
H MIHPS with H-25(32) Gas Turbine

Evapo-
rator

_ Storage

5 Input:

g 27.6MW,| | Lique- —

faction N~—
> Cold storage
Charging time: 8 h ~—
Discharging time: 4 h
Storage capacity: 183 MWh e
Efficiency: :. :,
r]system =82.7% . .
Liquid

Nss00 = 99.3 % air
Ner =52.0%
Ne =83.2%

y and Confidential Information. This document or informatt

annot be reproduced, transmitted, or di
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Mitsubishi Hitachi Power Systems

(If MHPS H-25(42) is
used, storage output
will be 94 MW)

Storage
Output:

76.6 MW, |

Natural
gas In

92.0 MW, |

MHPS H-25(32)
gas turbine

ISO conditions




m MHPS Sta rt'up Of d GT‘LAES System Mitsubishi Hitachi Power Systems

8000 800

GT| Rotating

7000 ~ / 700
Speed 7 Total - /
Output
6000 / i 600
-~ . . TR O s o e " EEm s emm (s e s e s e
/ . /. L /
. ”
. 500

/ 200

2000 _._:, Flow ~_ / 4
- Mo er / / EXP
1000 ! s OUtDUt\J utnut 100
. — / Qutput
/ . /
s 0T - )

E — —
o . . O

£ 5000 I:xhaust\ / v .7 %Tt:.;‘_
§ Temp. ™, / \ _-7 / 3 2 9
2 4000 -~/ \ 2 400 ¥ %
£ I | EXPRotatng —~ / [ = T"T7" 83
E 3000 r Speed -_7/ rl 300 o X ":-'l'
k> Ignition L= % W wo

N 4 Exhaust . Y

0 0
-5 -3 -1 1 3 5 7 9 11 13 15 17 19 21 23 25 27
Time (min.)
l Full Load ]
| : -
| First Power ] 29min = Start-up time similarto
AN combined cycle power plant
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Mitsubishi Hitachi Power Systems

Mt MHPS Comparison with an OCGT

3

T
~J
wu

LAES

(o2}
|
]

N
|

T
i
o
Relative
EBITDA [%]

'+ 25

Storage
——EBITDA

%]
|

Remaining
Storage
Capacity [h]

0 - I

100 I e 100
Power —
g /0 OCGT ——EBITDA | g &
® 9 50 50 EE
22 gt
a 25 @

0 T U U U 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2013

Calculation based on PHELIX 2013
and NG price 27 €/MWh All Natural Gas consuming power
LAES: 527 h/a : plants are suff(:":ring from hig.(]:lh
. . uropean gas prices, compared to
(discharging) relatively low electricity prices. So is
LAES with yearly EBITDA in
arbitrage business < 1Mio.€. In
addition, high PV capacity inhibits
economical operation of LAES and
OCGT in peak time hours,
especially in summer months.

OCGT: max. 173 h/a



MMHPS COZ-FOOtprInt OCGT/ CCGT/ LAES Mitsubishi Hitachi Power Systems

GT-LAES adiabatic LAES

(future outlook)

0
[KQcor/MWh]




A1 MHPS LAES Process in Detail — Adiabatic-LAES

v

Intercooled air-
compression

Power in

Storage approx.
Input: 10 - 200 MW,

Lique-
faction

——

Mitsubishi Hitachi Power Systems

A

Heat

storage

A 4

>

Cold storage

Efficiency:
Nkr = approx. 50 - 60 %
Mco, = 0 kg/MWh,,

Liquid

1 Confidential Information. This document or information cannot be reproduced, transmitted, or disclosed without prior writt
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Evapo-
rator

S

nt of Mitsubishi Hita

Liquid
air pump

Multi-stage l

air expander Storage
Output:

approx. ‘
10 - 300 MW,,

- Efficiency < 60 %

- Higher CAPEX and
lower energy
density compared
to GT-LAES




M MHPS Heat-LAES - Utilization of Waste Heat Mitsubishi Hitachi Power Systems

m— 1

Waste heat (WH), e.g.
from industrial process

- s
1
' W
i N\
. I
omcon e o>
storage '
(optional) -
§ Multi-stage
g Lique- Evapo- air expander Storage
faction rator Output:

Storage approx. [
. 20 - 200 MW,
Input: > Cold storage < el

approx.
10 - 200 MW,

Efficiency dependent on
waste heat temperature:

100

90 /./.

0 —
Lig. air 70 /.%

60

pump
iciency: Liquid >0 /./)'//r/ 1A
Efficiency: _ 40 .
an eno air —
Ner =30-100 % 30

100 200 300 400 500 600
Mco, = 0 kg/MWh,, T_WH [°C]

[%]

I

eta_RT
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Flex-LAES - Flexibilization of
A1 MHPS conventional Power Plants Mitsubishi Hitachi Power Systems

(coal-fired) Power Plant
4 6 Flexibilization:
- \/ Min. Load - ~10 %-points
- d _@ Max. Load + ~15 %-points

N N ' Max. Load Efficiency ~50 %

1
I I I m const.

—QI( HP
Pre-Heatin Z

LP Pre-Heating Bypass

(N NN N BN DN BN S SN SN SN DNEN BENN DNNN GNEN DNNN BN BN DN NN NN DU BN DN DENN SR BEEN DEEN GNNN BNEN DNNN DNNN DNNN DN DN DN DN NN NN DU DNNN DNNN DNEN DNNN DEEN EEN NN DN BN BN DN DN G B B S . . —-— =
Air heating - Compression heat |

I with steam (PP — for feed-water pre- I

: max. load / e heating (PP min. [
LAES ) load / LAES "

1= : Cold .

j discharging) > Stothge ( charging) j

/\

LAES Chraging
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M MHPS Efficiency & Load Range for PCPP + LAES MitsubishiHitachi Povier Systems

Combined Powering PCPP + LAES

0,5
- e
/ Steam Cycle
0,4 Additional
1 e
Time Shifted Power Generation ﬂ operation of PCPP
‘ / and LAES system
0,3
L Reduced minimum
Load of PCPP
0,2
0,1
0] 200 400 600 800 900

[MW]

l:)Netto




m MHPS I_AES - Fact Sheet Mitsubishi Hitachi Power Systems

B Energy Density: Storage Density [kWh,/m3] iitg%g;’f

70 — 100 kWh/m3

Nsp~50-65%
B Power output: 100
50bar,

10 - 600 MW " Nsp~50-65%
B Storage Capacity: nls:?;%?gg}%

> 1000 MWh 11—
B Discharging duration: 01 -

2-12h ' PHS CAES LAES SNG
B Efficiency: TT

50 - 65 %

(>65 % by utilizing waste heat)
M Lifetime:
20 — 30 years

Pictures:
1) 3D plot of LAES power recovery unit
(MHPSE)

2) Cryogenic storage tank 1600 m3
(Source: The Linde Group)




M+ MHPS LAES - Integration Capabilities

Mitsubishi Hitachi Power Systems

Peak shaving from Utilization of LNG
RES to avoid regasification cold to
curtailment avoid cold storage in

LAES system

Utilization of
industrial waste
heat, supply of
cold, utilization
and supply of
pressurized air

LAES

Liquid arstorage

Ancillary services,
Voltage support,
energy trading,

minimize grid
expansion

3
\ Flexibilization of

conventional
power plants

District
heating and
cooling

AL



Thermal Energy Storage (TES) for flexible Operation of
/ MHPS fOSSlIe Power P|antS Mitsubishi Hitachi Power Systems

4 x (coal-fired) Power Plant

Different '
integration - i = 1
possibilities under [} N 11|
investigation. I I I I { . —1
m const. S
HP Pre-Heating LP Pre-Heating

 TES can be integrated in the steam cycle to shift heat (power generation)
from times of low electricity prices to times high el. prices

« Storage medium can be PCM (Phase Change Material), molten salt,
thermal oil, solid material, or pressurized water
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/ M H PS S u mm a I"y Mitsubishi Hitachi Power Systems

B The necessity of extreme over installation of RES to reach the target of 80% of
renewable supply of electric energy must lead to a new market regulation

B Power to Methanol is a cross-sectorial technology for energy storage integrating
mobility in the power plant technology

B Methanol production improves utilization of energy rich off-gases from industry
and provides high value creation

B LAES is an hybrid storage technology for bulk electricity storage with a round-trip-
efficiency of up to 65 % and a high storage density (Storage & Back-up Power)

M Integrating a TES into the steam cycle of a power plant increases the flexibility of
operating conditions

B Power plants become more flexible and profitable by integrating the three
concepts

M The three technologies are available, proven and ready for deployment

Proprietary and Confidential Information. This document or information cannot be reproduced, transmitted, or disclosed without prior written consent of Mitsubishi Hitachi Power Systems, Ltd

© 2017 Mitsubishi Hitachi Power Systems, Ltd.



/M+ M H PS Mitsubishi Hitachi Power Systems

Power for a Brighter Future




M MHPS

Back-up




m M H PS LAES EfﬂC'e ncy Mitsubishi Hitachi Power Systems

System Efficiency:

__ Air Expander Output
rlsystem -

Compressor Input

Storage Efficiency:

_ LAES Output — n. - Gas Input
Ns 500 =

Compressor Input

Round-trip Efficiency:

_ LAES Output
Nrr Compressor Input + Gas Input

Fuel Efficiency:

_ LAES Output

Nr = Gas Input

al Information. This document or information canno
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M+ MHPS LAES - Comparison to CAES Vitsubishi Hiachi Power Systems
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