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VoltaChem: Our mission

e Accelerate innovation and
* implementation of electrification
wiN it *w & decarbonization in chemicals.
\ CHEMICALS /

POWER

% e |nitiate and facilitate collaborative
& JI development of technology and
B S oo associated business models.

4mgggm e Addresses both the indirect and
direct use of electricity within the
chemical industry, involving
stakeholders from chemicals,
energy & equipment supply.
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Societal drivers for change...

Global Warming Security of Supply
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... a chemical industry under pressure ...

e |ncreased global competition.

e Weak position on feedstock and energy.
e Operational costs are high.

e Geographical shifts in demand.

Figuur 5: Indicatieve ontwikkeling van concurrentiefactoren; relatieve score van regio’s
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From: “De Chemie in Nederland, Een voorwaardelijke toekomst”, Rabobank, 2014
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... and new energy sources emerging ...
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Wind and solar have grown seemingly unstoppable.

While two years of crashing prices for oil, natural gas, and coal triggered dramatic
L 4 downsizing in those industries, renewables have been thriving. Clean energy
investment broke new records in 2015 and is now seeing twice as much global
funding as fossil fuels.
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One reason is that renewable energy is becoming ever cheaper to produce. Recent solar
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... generates opportunities for industry ...

Energy Storage
& conversion

Flexible supply Demand response Interconnection

Energy
solutions

Chemicals
solutions

Commodities Refineries
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... taking a leading role in the transition.

Pressure to go for
IMRORT clean and green
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RENEWABLE o l/
FUELS
ELECTRICITY Supply & cost ‘ HEAT
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CHEAP
NATURAL GAS

. ® 0
o+ orsecorenerce  JopsectorChefa PEEEEEITREIEEN RS

e ® Empowering the new economy
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Question

e What is the share of energy use of industry in the
Netherlands?

- 0-10% / 10-25% / 25-50%

e How does this compare to Europe?

- Lower / Equal / Higher
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Energy use in Dutch process industry

Share of 3167 PJ = 880 TWh final use 44% compare: 25% EU

' ® Chemistry Energy use NL in GW continuous
m Refineries I .
Industry other
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Oil and gas
57%
® Transport 1200 PJ oo,
43% %
® Housholds as e 505 PJ 107 PJ
\ y m Electricity production 140 TWh 30 TWh
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2013 Total electricity generated 13.5 30
2013 renewable electricity 1.4 12 TWh =44 PJ (1.4%)
2030 Total electricity generated 14.1
2030 renewable electricity (53%) 7.5 65 TWh = 236 PJ (~7%)
2030 intermittent solar/wind (87%) 6.5 26

Source: Nationale Energieverkenning, 2014
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Question

e How much is the difference between prices in
electricity and natural gas for industrial use?

— Equal / 3x / 5x
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Energy prices electricity vs. gas
2007-2016 NL

Average transaction prices Natural Gas (blue) & Electricity (red), industry ex BTW incl Tax
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Increasing share of renewable electricity

TWh Elektricity production & consumption
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Variability of electricity prices

Example from Germany T
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Question

e The investment costs of solar and wind technology
decrease much more quickly than for conventional
energy.

- True / False
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Price development of energy tech

Total Investment Cost [€,/kW]
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Source: European Commission World energy, technology and climate policy outlook, WETO
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Development in sources & variability

- Variability in supply +

+ Sustainability -

Fossil coal
Fossil oil

Fossil gas
Nuclear

Biomass Geothermal
Wind Hydroelectric jW

Solar Tidal

Future

N
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Electricity value vs. variability value

e Value as heat (short-term)
— Electricity replaces
conventional heating using
mostly natural gas.

e Value as intermediates (mid-term) ™ o
— Electricity is used to make e
intermediates (e.g. Hydrogen, /7
Methanol, NH,). Price |
vanabilry Flexible processes
 Product value (long-term) I P-to-Heat/Cold

P-to-Intermediates

— Electricity used directly to make
end products (chemicals and
fuels).

P-to-Products

Value of electricity
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Main routes for electrification

Power-2-Heat Power-2-Hydrogen Power-2-Specialties Power-2-Commodities

Electricity Grid

Feedstocks
(e.g. biomass- Decentralised
derived) electricity

Decentralised
electricity

H

28

Waste
heat

Feedstocks

H, (e.g. CO, N,)

Useful

heat \ Feedstocks
e.g. oil, CO
Heating Raw product - (e.g 2)
systems H, (e.g. NH3, Raw product
fuels) : :
WV
Mobility Final Further
sector product conversion 7 7
Final Specialties & Final product
CH,4 product pharma
v i eh 5 Large volume
: su chains
Nataral Chemicals & BEnY SUBbh<Iins
as erid fuels supply
EE chains
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Why & when electrification?

e Flexibility .
— Response time - short ,
i i Short-term option
— Operating hours — relatively low L . power-2-Heat
— Allowable investment costs — low - Power-2-Hydrogen
— Technologies at high TRL

e Electrification 7
— Response time — less an issue - Mid/Long-term option
— Operating hours — high (base load) |- Power-2-Heat
I ble | t i t hioh -  Power-2-Hydrogen
— Allowable investment costs — higher Power-2-Commodities
— Technologies at mid/low TRL
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The VoltaChem roadmap

EXAMPLES

« Addition to syngas, .g. methanol
= [nput refinery

« Ammonia (via Hy)

 Formic acid (via Hg)

Capacity
(MWh)

A

Power-2-Chemicals

—_—

Power-2-Hydrogen

Hs & CH, to Chemicals

Commodity Chemicals

Feedstock: renewables
biobased, CO,, H,0 & Ny

Power-2-Heat

—— EXAMPLES
: ® Syngas / CO
Upgrading . \
Power-2-Chemicals * Ammonia
: = Methanol
_ - ® Formic acid
‘Specialty Chemicals e Ethylene
® Fuels
iner-z-Chem ICE_IS Feedstock: fossil,
—_ renewables, biobased
Fine Chemicals Feedstock: fossil EXAMPLES
. - H202
EXAMPLES s Phosgene
e Flavors & Fragrances « EDCA

» Specific fine-chemicals

Now
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Upcoming technologies

Inspiring examples for Power-2-Commodities

overestr: TINQ T

\
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Power to Methanol
Approximately TRL 8 (out of 9)

€O, capture and purification

Methanol
distillation

Methanol
Synthesis

compression

Five building blocks :

i Water MF:' E
N R 1. H, production

Water . 2. CO, capture and purification
H; production 0, 3. Syngas compression
4. Methanol synthesis
5. Methanol distillation

INTERNATIONAL

& CARBON RECYCLING
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Power to FT-liquids
Approximately TRL 7 (out of 9)

SO FUNKTIONIERT POWER-TO-LIQUIDS

Synthese nach dem Fischer-Tropsch-Verfahren

Demo plant, Sunfire, Dresden (Germany)

Kohlenstoffdioxid

CO: 6

Sauerstoff . Methan
. Kohlen-
H: wasser-
@ Wasser- stoffe D.é |
Elektrizitdt ctoff - CxHy iese
: — al
o | B
H:0 -
Wasser Chemikalien &
Erneuerbare Energie Elektrolyse Synthese CH: E
+CO2 + H20 =

‘l sunfire
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Power to Ammonia
Approximately TRL 6 (out of 9)

Pilot plant [2017], Siemens, Oxford (UK)

Combustion
and energy
export

Hydrogen electrolysis
and ammonia synthesis

Nitrogen
generator

Gas store, including
ammonia tank

Wind turbine and
grid connection

Control room SIEMENS
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Power to MeOH/DME/OME
Approximately TRL 3 (out of 9)

Sustainable Efficient Improved
Electricity Catalytic Conversion Products
Production |
B . B
Electricity :i:l i lf'uz Use...!
| i1 — ) . Gy
Electrolysis Mobility
= J H:
i
Polymers,
eqg., PUR
H,-Buffer ———— |nsulation

Use

Methanol/ H:© -‘ g
I: DME/OME ’ ’

5% Electricity /

Use
Faslsiie Elmn{ass Heat Production
CO, =

CO,-Buffer Fraunhofer ISE
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Power to hydrocarbons (from CO,)
Approximately TRL 1 (out of 9)

Liquid
Chemicals  Fuels

Electricity <2

Prices and Sale of Products Converted from CO2

$1,400 Favorable Energy-Price Gap Energy-Price Gap too high 45.000 .,o_

$1,200 40,000 £
I[N {35000 -
g o N | 30000 § €
£ S800 25000 £
E  se00 M| 20,000 EE
E $400 \1 N 15,000 4 H
! + 10000 €%

3200 = q o B: 5000 2

$0 o ) 0

HCOOH co Methanol Ethylene Methane
H Market Frice Siton D Invested k\Whiton
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Short-term electrification scenario

Implementing Power-2-Heat & Power-2-Hydrogen in NL

A sustained innovation scenario

oo TNQWH™ Z ECN

22-11-2016 29



Short-term potential Power-2-Heat

* Assumptions:
— Current heat consumption in chemical industry 243 PJ (43% > 200°C).
— Full implementation of Heat Pumps & residual steam upgrading by
Mechanical Vapour recompression in industry.
— Giving 50% savings for high temperature steam.

e Result:

— 15-20% energy savings.

— 2 TWh / year electricity consumption.
— 6 Mt / year CO2 reduction.

— 1 GW peak electricity use.

— 4% of renewable capacity in 2030. N

production

I Heat below 200 °C
Heat above 200 °C
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Short-term potential Power-2-Hydrogen

* Assumptions:

— Current hydrogen consumption in Netherlands 63 PJ (requiring 81 PJ of
natural gas as feedstock).

— Full replacement of SMR by electrolyzers.

e Result:

— 4.1 Mt / year CO2 reduction.

— 26 TWh / year electricity consumption.
— 6 GW electricity use at 50% load.

— 20% renewable capacity in 2030.

50
0]
Current situation With Power-2-Hydrogen

I Natural gas use in industry (PJ)
Total electricity use (TWh)
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Long-term electrification scenario

Implementing Power-2-Commodities in NL

A disruptive innovation scenario
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Industrial electrification 2050
A scenario based on EU study Opeee &

e Scenario “Decarbonizing the energy intensive basic materials
industry through electrification” (Lechtenbohmer, 2015)

* Looking at top-8 most energy intensive basic materials in EU:
— Primary & secondary steel, cement, glass, lime, olefins (plastics),

chlorine, ammonia (fertilizers).
— Current EU emissions: 415 Mt / year CO, (8% of total)
— Current EU energy use: 1.6 PWh/year (~8% of total)

e Assumptions:

— Complete conversion to energy from sustainable electricity.
— Production levels constant.
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Full industrial electrification 2050

Technology assumptions

Complete shift to low-carbon technologies:

— Electrothermal processes for heating:
* Electrofurnaces.
e Steam boilers & heat pumps.
* Advanced electrothermal technologies (e.g. plasma, microwave, infrared).

— Electrolysis technologies:
* Electrolysis of salt.
* Electrolysis of water.
* Electrolysis of iron ore.
e Electrolysis of CO2.

— Green ammonia synthesis:
e Using nitrogen and green hydrogen.

— Producing hydro-carbons from hydrogen, CO2 and syngas:
e (CO2 (air) capture.
* Syngas from biomass gasification or CO,/H, conversion.
* Methane and Fischer-Tropsch Naphta from syngas or direct conversion of CO,/H,.
* QOlefin production from Fischer-Tropsch Naphta or Synthetic Methane.
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Full industrial electrification 2050 NL

e Assumptions for The Netherlands:
— Steel:
e Steel production approximately constant at 6.5 Mt/year (6% of EU).
— Minerals:
e Cement and lime (ENCI) production disappear from NL.
e Glass production stays constant at 1.3 Mt/year (4% of EU).
— Chemicals
e Olefin stays at 7.8 Mt/year (19% of EU).
e Chlorine stays at 0.7 Mt/year (7% of EU).
e Ammonia stays at 2.3 Mt/year (18 % of EU).

e Observations of top-8 basic materials production in NL:
— CO, emission is 22 Mt/year in 2010 = 10% of total (compare EU 8%)
— Energy use in 210 TWh/year in 2010 = 21% of total (compare EU 8%)
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Full industrial electrification 2050 NL

Direct CO2 emissions (Mt)
25
. ' Ammonia total
20 m Chlorine total . .
© Olefins total (HYC) Full electrification needs
15 - = Lime 250 TWh / year
H Glass
10
B Cement
5 - ® Electrowinning t
W Blast oxygen furnace
0 - ' ' mSecondary steel .
2010 2050 s oecondarystee Energy consumption (TWh)
300
" Ammonia total
‘ 250 m Chlorine total
. . 200 i - 1 Olefins total (HVC)
Full electrification decreases CO, - = Lime
22 Mt / year 100 " Glass
B Cement
50 = Electrowinning
CO2 as feedstock with 3 tco, / tolefins 0 . ‘ .  Blast oxygen furnace
Electricity Other 2010 Electricity Other 2050 n
23 Mt/year CO2 use 2010 2050 " Secondary steel
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Is this scenario technically realistic???

Source: FD, 22-3-2016

~.binnen 12-mijlszone
BN Nog aan te wijzen
gebieden

Hollandse kust:
Noord-Holland

4l

i
Hollandse kust: |
Zuid-Holland: 1

. Hoek
i
J 12-mils-

van
\, Holland

2016: 0.9 GW =4 TWh

2023: 4.5 GW = 18 TWh

Source: FD, 15-4-2016

Ontwikkeling energiedistributienetwerk van landen rondom Noordzee

'NOORWEGEN

Verschuiving van fossiele brandstoffen naar windenergie: toekomstvisie van de Rotterdamse Biennale

= Distributienetwerk olie en gas Distributienetwerk energie opgewekt door de vele nieuwe windparken © RR| Brom 1ABR

=) 2050: 250 GW = 1000 TWh
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Conclusions

The future is unpredictible but industry will play an important role
— The (chemical) industry uses 44% of all energy in The Netherlands.

Future determined by step-changes in technology development, by the societal and
market conditions and by regulations.

Keep options open and invest at the right time with the right business driver.

Short-term electrification potential in flexibility
— Businesscases driven by flexibility & incentives.
— Power-2-Heat & Power-2-Hydrogen.

— Upward potential:

e 10 Mt/year CO, reduction.
e 28 TWh/year electricity use.

Long-term electrification potential in products
— Businesscases driven by product value & CO, regulations.
— Power-2-Commodities.
— Upward potential:
e 45 Mt/year CO, reduction.
e 250 TWh/year electricity use.
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Want more information?

www.voltachem.com
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