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Scotland’s Transition to Low Carbon

Scotland’s transition to Renewable Energy

* Local Energy Systems & Distributed Power
* Energy Strategy — Whole Energy System Approach
* Hydrogen use for energy balancing & storage
* Scotland’s electricity now almost ‘carbon free’

Scotland’s last coal fired power station closed in March 2016

Scotland’s Power Generation Mix
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Footnote: No coal power generation in Scotland after April 2016
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Areas | will cover

* Scotland’s journey to a Low Carbon Economy
* Scottish draft Climate Change Plan (RPP3)

* The new ‘Future of Energy in Scotland’
Strategy

Exemplar H&FC Projects — 3 Case Studies g
Links with the HFC Roadmap SCOTTISH
Hydrogen

H&FC Opportunities... & Fuel Cell
ASSOCIATION

Scotland’s Ambitions for Reducing CO,

* Reduce CO, emissions by

42% in 2020 (compared 42%

to 1990 base“ne) (the answer to life, the

universe and everything)

Scotland’s power* from
Renewables

 Install 1 GW of Locally
Owned Renewables

; * Generate 100% of

* In 2015 Scotland generated over 50% of its annual electrical
demand from Renewables, and the CO, reduction was 46%

Scotland = Low Carbon Power Generation
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Figure 2.1. Historical Trends in Electricity Generation, Emissions Intensity, and Total Emissions 2000-2014.
From the 5th Report by the CCC on Scotland’s Progress towards meeting Emission Reduction Targets (published
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2016). Link: https: theccc.org.uk/wp-conter Reducing-emissions-in-
P Report-Commi limate-Change.pdf
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Carbon Intensity of UK Grid

Figure 5.4 The carbon i ity of British electricity, showing the average
and range for each week l187l
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From HFC Supergen White Paper ‘HFC in Future Energy Systems’

But Wind Increasingly Constrained
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From Joos & Staffell “Short term integration costs of variable renewable
energy: Wind curtailment and balancing in Britain and Germany”

CO, Emissions & Behaviour Change

Ci issic with and by theme

S. Becoming less reliant on the car (walking, cycling, using public
transport and/or car-sharing instead of driving)

6. Driving more efficiently (using a low carbon vehicle (fuel efficient,
hybrid, alternative fuel or electric), and/or following fuel-efficient
dnumg principles)

7.Using alternatives to flying where practical (e.g. train or teleconferencing

for business)
10. Reducing and reusing in addition to the efforts we already
make on recycling
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UK’s First Coal-Free Power Day

Great Britain goes without Coal Generation for 24 hours
Friday 21st first 24-hour ‘without

Coal Generation
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UK’s First Coal Free Day: 22" April 2017

New Climate Change Plan (RPP3)

DRAFT CLIMATE CHANGE PLAN
The croff i

* Released 24t Jan 2017
* 2017-2032 plan

* 66% CO, reduction

* From 1990 baseline

* New Draft Energy
Strategy to Support
Climate Plan

Climate Plan Targets for 2032

50.0
LULUCF = land use, land-use
change and forestry
40.0
B LLucr*
300 H services
g = Residential
?_; 200 B Transport
=
B Waste
10.0 ®Industry
W Electricity
0.0 " BN B | B B SR A LB BE L] I
-10.0
5232838383885 838¢3838
S RRIKRIIRRKRR/RKRR|R/RRER

*Land Use, Land Use Change and Foreshy (including Peatiand)

CO, Reduction Pathway to 2032 (Climate Change Plan, January 2017)
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CO, Reduction Targets by Sector Climate Plan RPP3 Ambitions

Strengthened ambition of the Scoltish RPP3 mentions
Table 2-1: Pathway fo 2032 (envelopes in MICO,e) Government fo tackle climate change ‘

Hydrogen more times

: The Scottish Government is committed to H
~|lo| e = N = f f
sla|s g g § 3 g 3|88 (8858 achieving the climate change fargetssetby | than either Diesel or
~ ~ ~ ~ ~ ~ ~ o ~ o ~ o~ ~ e H
the 2009 Climate Change (Scotland) Act — H Petrol
Agriculiure 7877 |77|77|76(75|74|73|72|72(71|71|70(70(70]69 some of the most stretching ambitions in the etrol...
Electricity 59 |45(32(22[1.4(1.0]07|06]|04]|0.1|-02(-05(-09]-1.1]-1.3|-1.2 world.
Industry. 98(99|98|97|95|92|89|87|85|78|73|75|77|81|83]|84 Building on our investment in both the Aberdeen H2
The 20!6 ngmmr_"e for Government {  bus project and the Levenmouth community energy
Waste 17|14 (11|09 |07|07]|07]|07|07[07|06|06]|05|05]|05]|05 cqmmﬂs?he Sco'h?h §ovemment to anew i project, we wil confinue fo work with key partners
Transport 127[12.6[12.5(12.3] 122|120 11.8[ 1.5 12| 109{10.5] 102 9.8 | 9.4 | 9.1 | 87 Climate Change Bill, in response to the i toinvesfigote fhe use of hydrogen s a transport
increase in global ambition in the UN Paris i fuel, as wel as exploring wider environmental
63[5956]53|53|53[54(54)52)|44(36(30]24[12[16]15 i Agreement and including a new and more ¢ and economic opportunities of using hydrogen
Services 27 24|19 [1.6[14]|13]13[1.4|13[11[09|06]|04 03|01 |01 testing 2020 emissions reduction target. i forenergy applications - especially in promofing
; v bal torage.
LULUCF 38 |-25]-33[20]-26[22]17[11[-05] 01 [0s]13[ 17|15 18] 15 o] (ENEWODIES, eNEIGY balancing and storage.
*Land Use, Land Use Change and Forestry (including Peatiand) 'O'CY tcome 2: T Inologies critical to fi er industrial emissions reduction (WCh
as carbon capture and storage, carbon capture and utilisation, and production and
H : injection of hydrogen into the gas grid) are demonstrated at commercial scale by 2030.
Targets informed by Scottish TIMES model and then oo 4 gos grid) at Y

.. . . There is one proposal which will contribute to the delivery of policy outcome 2.
agreed between departments where joint impacts likely

‘The Future of Energy in Scotland’ Scottish Final Energy Demand

Supports the Climate Plan with Scoftish E strat Diagram é: Energy demand in Scotland
H COTTISI ner raregy:
three main themes: oAbl ekt A
1. tAstaFatl.e, managed energy Power 22%
ransition
2. A ‘whole-system’ view of the ;53% of Energy
challenge Scofiand is used for
- Heatin
3. Alocal vision for energy J
provision Transport 25%

Uses a whole energy systems
approach with supporting
Scottish TIMES model.

Heat | Transport| £

Source: hitps://www.gov.uk/government/collections/total-final-

energy-consumption-at-sub-national-level

Growth in Renewable Energy Heating and Household Energy Use

Diagram 4: Electricity generated (GWh) from renewable sources, Scotiand, 2000-2015

Diagram 7: Primary heating fuels in 8 energy use in
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79% of heating is by gas, with 74% used for space heating

By AWnd | Bosnergy EOther = Renswable Torget Progress

Nigel Holmes, Scottish Hydrogen & Fuel Cell
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Dlagram - Average household gos consumation

Average Household

§ 5 u it Gas consumption
” I II I I II reduced significantly

Diagram 11: Average annval domestic gas and eleciicity bill, Scofiand, 2000-2015

But
household
gas bills rose

[T ——————

ENERGY
CONSUMPTION TARGET

12%

reduction in total final
energy consumption
by 2020
In 2014, final energy
consumption was

15.2%

lower than baseline
2005-2007

ABERDEEN

City CounciL

Europe’s Largest Fleet with 10 Hydrogen Fuel Cell Buses

Given the infegrated nature of energy systems,
we are keen to ensure that the Scottish target is
consistent with ambition across the EU energy
system, and we would like fo seek views on
whether we should set a new 2030 energy
efficiency and how best to reflect the EU's
ambition fo implement an EU-wide 30% energy
efficiency improvement by 2030.

Although our previous target was based on final
energy consumption, we are considering
whether it Is more appropriate fo set a new
target that captures changes in the intensity of
our energy use which takes account of the
effect of, for example, economic cycles, energy
prices and weather patterns on our energy
consumption patterns?.

A

~

launched in Aberdeen March 2015, EU Supported
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Diagram 10: Yearly Pattern of energy consumption
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This highlights the Seasonality of Energy Demand for Heating

Building on our investment in both the Aberdeen H2
bus project and the Levenmouth community energy
project, we will continue to work with key partners

to investigate the use of hydrogen as a transport
fuel, as well as exploring wider environmental

and economic opportunities of using hydrogen

for energy applications — especially in promoting
renewables, energy balancing and storage.

dre
- °86n::.|sbrq,u “ /

Hydrogen is produced for the first Aberdeen (bus) refueller at
Kittybrewster by electrolysis of water.
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Aberdeen Hydrogen Transport Summit, 16 March 2017 Hy I

Hydrogen Refuelling Station — Highlights / 1
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Frojecis funded fhioUgh Seafiish )
s s The Levenmouth project

Levenmouth Community Energy Project in Fife builds on the success Of
uses electricity produced locally by a 750kW the Hyd roge n Ofﬂce
wind turbine, supplemented by solar, to

produce green hydrogen by elecirolysis. The  develo pment, an d was
hydrogen it produces will fuel one of the

largest fieets of dual fuel hydrogen-powered made possible by the Local
vehicles in Europe. Powered at site and by an

additional dispenser ot Bankhead, the system ~ Ene rgy Challe nge Fund.
is utilised by the councils own fleet of
hydrogen vehicles.

Building on our investment in both the Aberdeen H2
e bus project and the Levenmouth community energy
project, we will continue to work with key partners
CHAI—LENGE to i:wesﬁgote the use of hydrogen as a t\:aﬁvsporf
fuel, as well as exploring wider environmental
and economic opportunities of using hydrogen
L N L for energy applications — especially in promoting
2 of Aberdeen’s 10 Toyota Mirai Fuel Cell Vehicles at the cove 700 bar facility renewables, energy balancing and storage.

* Renewables: 750kW Wind
* & 160kW Photo-Voltaic

e 250kW PEM electrolyser

* 45kg Hydrogen storage

* Power from 100kW fuel cell

* Toshiba Energy Management
System

* Private wire network to 9 buildings
* 2 x 24kg/day Vehicle Refuellers
* Fleet of 17 Hydrogen vehicles

The Hydrogen Office in Methil

Nigel Holmes, Scottish Hydrogen & Fuel Cell
Association 5
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Fleet of 17 Hydrogen Vehicles

* 10 Renault Kangoo electric vans,
with hydrogen FC range-extender

* 5 Ford Transits owned by Fife
Council, run on a mix of hydrogen
and diesel

* 2 Refuse collection vehicles also
owned by Fife Council, also running
on a mix of hydrogen and diesel —
these are a world-first

¢ All vehicles are dual-fuel, and so
can operate even if hydrogen
supply interrupted

[
[

Energy Strategy: Orkney Islands

Orkney'’s ‘Surf and Turf’ and ‘BIG HIT’
projects demonstrate a fully
infegrated energy model where
hydrogen is produced using electricity
from tidal and onshore wind furbines,
stored in a fuel cell, and used to
provide low carbon heat, power and
fransport. The projects will benefit the
community through providing
employment and training as well as
reduced harbour electricity costs and
increased revenue.

EMEC Electrolyser : Surf ‘n’ Turf

e
CHALLENGE

FUND

High pressure PEM electrolyser
supplied by ITM Power

Surf 'n' Turf is one of the first ‘Local Energy Challenge
Fund’ supported innovative community renewables
projects. Generate hydrogen from wind and tidal, to

avoid grid limitations and develop local use.

Nigel Holmes, Scottish Hydrogen & Fuel Cell

Association
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The Orkney Islands & BIG HIT

* Now generating more than 100% of
Orkney’s power* from Renewables
@ * Over 50MW of installed renewable capacity@
* Hosts the European Marine Energy Centre

By 2014 Orkney was generating over 100% of its
annual electrical demand from Renewables

Announced May 2016 : BIG HIT

Building Innovative Green Hydrogen
Systems in Isolated Territories

Wr—

|

s e =

Shapinsay’s 0.9MW local wind turbine

Announced in May 2016, using hydrogen
made from renewable electricity and 1MW
electrolyser to supply heat and transport (10
hydrogen vehicles in Kirkwall) and help
overcome local grid constraints in Orkney.
With €5m EU grant support for the BIG HIT
project, funded by FCH 2 JU.

1MW balancing electrolyser
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* Hydrogen from
wind & wave
* Move the H, by
“.road and ferry
. Bse H, for heat
" and transport

Turbi®®* _/

\' Tida! D
aTor®
R .ﬁj( »K ity W
| 4 ‘,cno"
TR T SRR / nV"

- European |
Commission
.
%
2
BIGHIT
4 =

Building Innovative Green Hydrogen £ "LAIW
gkt S e e b A by i udl

UK HFC Roadmap for Delivering Low
Carbon Energy Targets (Nov 2016)

HFC Supergen White Papers

Four White Papers prepared by UK academic institutions

Low Carbon Future Energy Energy Economic
Heat Systems Security Impact

Intended as reference documents for policymakers

Nigel Holmes, Scottish Hydrogen & Fuel Cell
Association
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Hydrogen Moved by Tube Trailer

Preparing for system change: Putting it into practice: Widespread roll out:
policy, innovation, building hydrogen systems staged gas grid conversion,
demonstration and roll out of and ramping up deployment hydrogen used in buildings,
today's technologies. of vehicles and fuel cells transport and indus

UK HFC Roadmap helped to shape energy policy thinking in Scotland

Energy Systems - Denmark 2050 Vision

Sankey diagram of the CEESA 2050 100% renewable energy scenario
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What next? Not just Road Transport

* CMAL’ diesel-electric
hybrid ferry — built in Port
Glasgow, Scotland

* Capable of carrying 22
cars or 2 large lorries

* Hydrogen evolution
design is underway...

CMAL's MV Hallaig
diesel-electric hybrid
ferry undergoing sea
trials in August 2013
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o
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Hydrogen for Low Carbon Heat

+ Hydrogen gas at scale will most ikely require:

+  These proposais, at national scale, have the

+  Coordinated activity by the public and

natural gas (methane) as the source
feedstock and as such in order fo be low
carbon, carbon capture and storage
facilifies will be @ necessary system
requirement. Scofland is therefore uniquely
placed fo support an emerging hydrogen

Hydrogen and fuel
cells mentioned in
both Energy Strategy
potoniol o sotiantaly educe T 1l and Climate Change
system cost of decarbonisation. but they will

require further innovation in technology. Plan.

high-volume hydrogen production at an

B e Recognises that more
work needs to be
done in this area.

economy.

natural gasin the 1970s.
private sectors over the nex five fo ten years
will be essenfial fo achieve any large-scale

o out of hydrogen and fuel cell
technologies from the mid-2020s

some of these alternative energy sources may, for example, have the potential to reduce
both the cost and the delivery baniers of policies or proposals in the curent draft Plan, such

as the replacement of natural gas by 100% pure hydrogen for space heating in some areas
of the gas network.

H&FC Opportunities

Many areas for further H&FC activity are set out
in the new Scottish Climate Change Plan and
draft Scottish Energy Strategy:

[[] collaborate with UK government, local

government, industry and academia on
the UK hydrogen routemap, establishing
the straftegic basis for hydrogen in the
energy system, whilst continuing to fund
innovative projects involving hydrogen.

Nigel Holmes, Scottish Hydrogen & Fuel Cell
Association
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V2G : Toyota Mirai as ‘Vehicle to Grid’

* Energy stored as hydrogen in
fuel tank (about 60kWhr)

* Fuel cell delivers electricity

* Connect to local grid

* Provide back-up power

* Use output socket, up to 9kwW

* Canfillsin gaps from
intermittent wind and solar

Energy output to Grid

The Future of Energy in Scotland

10. The Scottish Government's 2050 energy
vision is aligned to three themes:

A A STABLE, A SMARTER
WHOLE-SYSTEM MANAGED MODEL OF

VIEW ENERGY LOCAL ENERGY
TRANSITION PROVISION

Hydrogen and Fuel Cells can make a significant contribution to all
3 themes of the Energy Vision, and help deliver the 66% CO,
reduction by 2032 as set out in the Climate Change Plan.

Thanks for listening — Any Questions?
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