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Overview /“\\\j}/
1) The intersection of the climate crisis and particle accelerators & particle physics "
2) The ISIS-Il Neutron and Muon Source 74“&
3) Environmental Impact & Life Cycle Assessment of ISIS-II
o Motivation N4
o Methodology ///‘\\§

o Aglance at some results
4) The challenges of this effort
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The Climate Crisis

Why do we need to care?

 GHG impacts are cumulative.

« Moral and social duty to lead by example.

« Publicly funded.

How does this actually relate to the field of accelerator science?

« Large accelerator facilities are generally unsustainable:

* resource consumptive, and

* next generations aim to grow in size and/or power,
and therefore (generally) consumption.
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just one more collider bro. i promise bro just "/{/‘/
one more collider and we'll find all the 77‘ \
particles bro. it’s just a bigger collider bro. \\

please just one more. one more collider and

we’ll figure out dark matter bro. bro cmon

just give me 22 billion dollars and we’ll solve

physics i promise bro. bro bro please we \\', /4/

just need to build one more collider ///ﬂ\§
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https://www.nature.com/articles/s41550-020-01216-9
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The ISIS Spallation Neutron and Muon Source “\\\7/
» |SIS is the UK’s two target, pulsed spallation ,\"//4/
source that produces world leading science. AN\
» Based at the STFC Rutherford Appleton | : F
Laboratory (RAL), Oxfordshire, UK. — e i — Wy~
« This year, ISIS marks it's 40th year anniversary L——_'-" — y ////‘\\\
since neutrons! -Vl o\ Y
R 1S
Target Station 1
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Types of Instrument at ISIS

Bl D¥fractometer

B Reflectometer

I Smal Angs Scattering

I Incirect Spectrometer

I Drect Spectroreter

B Muon Spectrometer it ument
I Chip rreziation

L0 Imaging and Detraction
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4 The ISIS Spallation Neutron and Muon Source



https://www.researchgate.net/publication/329329667_The_ISIS_Spallation_Neutron_and_Muon_Source-The_first_thirty-three_years
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The ISIS-Il Neutron and Muon Source “\\\j}/

» The proposed 1.2 GeV beam upgrade to the ISIS
Neutron and Muon Source.

\‘v/{/‘/

» Overall power around 2.4 MW, dependent on target ///‘N
technology.
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https://accelconf.web.cern.ch/ipac2019/papers/tupts068.pdf

Timeline

Phase 1 Phase 2 Phase 3
A A A
( \ [ \ [ \
2019 2021 2028 2032 2040
Feasibility, design Integrated facility .
studies and R&D technical design I55dl-constuction

Phase 1.1 Phase 1.2
Physics design Physics design
Small-scale prototypes  Large-scale prototypes

Proposed ISIS-II timeline.

Now is the ideal time to consider and
reduce environmental impacts!
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Society, users and occupiers — behaviours and expectations that drive demand, influence and enable change \\y’ ////

Government, regulator ////‘\\\
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Fig 2.1: Value-chain members’ ability to accelerate decarbonisation throughout the delivery process

AS 2080 guidance document: Practical actions and examples to accelerate
the decarbonisation of buildings and infrastructure
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https://accelconf.web.cern.ch/ipac2019/papers/tupts068.pdf
https://www.ice.org.uk/media/vm0nwehp/2023-03-29-pas_2080_guidance_document_april_2023.pdf
https://www.ice.org.uk/media/vm0nwehp/2023-03-29-pas_2080_guidance_document_april_2023.pdf

Timeline

Phase 1 Phase 2 Phase 3
A A A

(
2019 2021 2028 2032

Feasibility, design Integrated facility ™,

studies and R&D technical design
Phase 1.1 Phase 1.2
Physics design Physics design

Small-scale prototypes  Large-scale prototypes

Proposed ISIS-II timeline.

Now is the ideal time to consider and
reduce environmental impacts!
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What do we hope to achieve?

To inform ISIS-1l design options.

To report on the full lifetime environmental impact expected at ISIS-II.

To identify hotspots of environmental impact to allow focus to reduce these impacts.

To help develop a methodology that can be used by other future facilities.

June 2024 | Dr. H. M. Wakeling 8

\Wél
= \\\\A\W

//I‘\\\

\‘v/{/‘/

\W/,L/
////l \\§




“"4/

Methodology —oes /‘*\\\s//l/

Three major design considerations: \"//4/

« Accumulator Ring (AR) %ﬂl\‘

« Rapid Cycling Synchrotron (RCS) ""-_

» Fixed Field Alternating Gradient Ring (FFA) ch /}/“"///

+  Fall back option: 180 MeV LINAC upgrade to ISIS . N/
. U

Two key stages to this analysis: < é[

1. Core components of ISIS-Il and performing estimation of their |
environmental impact through modelling and simulation.

2. (Simplified) Life Cycle Assessment (LCA)

//1
\\w

ﬂ‘\
3 ring options for ISIS-II.
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Life Cycle Assessment (LCA)

June 2024 | Dr. H. M. Wakeling

Inventory

Analysis

Impact

Assessment

LCA steps.
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Interpretation
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\Wé
: Buildings N
Inventory Analysis \ ”

Construction

* Facility (Buildings, Tunnelling, Location) \"//4/
s 7
* Machine (Accelerator Components, Ancillaries) //'N
« Shielding — EI%[S \
« Computin g 4
puting ' SDTL —ay
V4
7
Shielding \.;‘,/’éz
/7‘
Estimated CO,e impacts of various ISIS-I| \\
LINAC components for construction. \k\'//
"
It is apparent (and unsurprising) that the \
largest CO, eq impacts in construction, at N &
this stage in the study, originate from
concrete and steel. /
N
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Inventory Analysis

Construction

Facility (Buildings, Tunnelling, Location)
Machine (Accelerator Components, Ancillaries)
Shielding

Computing

Operation/Active life

Energy consumption

Resource consumption inc. leakage

Failure likelihoods/risks inc. replacement/repair
Staff and user travel

Radioactive waste

June 2024 | Dr. H. M. Wakeling
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Target Station 1 ////l\\\

Support Office

Target Station 2

V4
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LINAC

Spare
(?a pacity "%Z

Cryogenics

Estimated ISIS-1I electricity requirements
Big Science Scheme




Inventory Analysis

Construction

Facility (Buildings, Tunnelling, Location)
Machine (Accelerator Components, Ancillaries)
Shielding

Computing

Operation/Active life

Energy consumption

Resource consumption inc. leakage

Failure likelihoods/risks inc. replacement/repair
Staff and user travel

Radioactive waste

Decommissioning (~2100 — 2170)

Recycling/re-use of components/materials
Storage of radioactive materials

June 2024 | Dr. H. M. Wakeling

13

ISIS radioactive waste

150 — 300 tonnes of

radioactive waste per year
~30,000 — 35,000 tonnes

decommissioning

What would it cost to
dispose ISIS current

waste right now?

Waste Current Disposal
Category Volume Cost

LLW 100 te ~£15M

ILW 70 te ~£70M

Thanks to Chris McKay

This is just disposal cost
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Inventory Analysis

Construction

Facility (Buildings, Tunnelling, Location)
Machine (Accelerator Components, Ancillaries)
Shielding

Computing

Operation/Active life

Energy consumption

Resource consumption inc. leakage

Failure likelihoods/risks inc. replacement/repair
Staff and user travel

Radioactive waste

Decommissioning (~2100 — 2170)

Recycling/re-use of components/materials
Storage of radioactive materials
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Life Cycle Global Warming
Information [kt CO; eq]

A. Construction O(20)

B. Operation O(40)

C. Decommissioning TBC

Global Warming Impact of defined
ISIS-II LINAC components shows
construction and operation to be of

the same order of magnitude.
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The issues that come with performing an LCA (on a full facility) “\\\j]/
« Complexity
 Tools available %’(4/
« Software l\\
- Databases
Wz~
///‘\\§

\\

* Life Cycle Impact Assessment Methods

+ (Radioactive waste)
L

\\‘ l

é ——
N
N\

\\w/

J

\\v///
IS

N

\\\\/

7 \\§

15

June 2024 | Dr. H. M. Wakeling



Complexity

* Must meet ISO requirements to publish a LCA

* Due to strong standards to follow there is a steep beginners learning curve (time)
« Specialists/experts required (time and/or $9)
« May need external consulting ($$%)

« Comprehensiveness and level of detail

» High level of detail required
« Easy to fall into a rabbit hole
» Information needs to be qualified
* Not easy to get all necessary data for a full life cycle assessment
* Much information necessary is proprietary or just simply not available
» Requires simplifications and generalisations that prevent knowledge of actual impacts

« Average of impacts, does not consider rarely occurring risks i.e. poisonous gas leak

« Cannot quantify whether your calculated impact is "good enough” for the environment, i.e.

only comparative

June 2024 | Dr. H. M. Wakeling 16
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Complexity
« Realistically, ISO standards to follow may be too rigid for all accelerators (and tests,

components etc.) designs to have a full LCA performed on them.

» Other options that should be considered
\W/,L/
////l\\§

« ‘simplified’ LCAs
« Bulk material LCA (e.g. show that 95% materials make up 99% of impact)
S\V4

« Carbon impact study only

« Scope1,2and 3
Y

N/
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Tools available: LCA Software

» Many software options available (GaBi, Simapro, OpenLCA)

« Many cost $$$

» Different software can create differing results through different

handling of data, end of life, etc.

s

» LCA software not necessarily as straightforward as it may seem

* OpenLCA

* Open Source
« Compatible with Python

» Enables fast calculation of component lifetime impacts
« Enables comparison of components, different designs etc.

« Monte Carlo uncertainties

((81 etectricity uk 2040 )
Direct (18.296%):
1.365E8 kg CO2 eq

(5] cryogenics

Upstream total (18.296%):

Direct (0.000%):
0.000 kg CO2 eq
Upstream total (10.784%):
8.0457 kg CO2 eq

1.365E8 kg CO2 eq

(81 Etectricity uk 2050 )
Direct (48.923%):

3.65068 kg CO2 eq
Upstream total (48.923%):
365068 kg CO2 eq

(51 unac

(51 A040.05.102 Concrete (reinforced, 40 kg stee...|

Direct (0.000%):
0,000 kg CO2 eq
Upstream total (22.430%):
16738 kg CO2 eq

Direct (0.000%):
0.000 kg CO2 eq
Upstream total (4.131%):
3.08267 kg CO2 eq

(31 1515-1l Overall (Breakdown) )|
Direct (0.000%):

0.000 kg CO2 eq
Upstream total (100.000%):

(51 other

([8] A100.05.101 stainless steel (secondary), ave... |

Direct (0.000%):
0,000 kg CO2 eq
Upstream total (34.056%):
2541E8 kg CO2 eq

7.461E8 kg CO2 eq

Direct (0.000%):
0.000 kg CO2 eq
Upstream total (28.649%):
2.137€8 kg CO2 eq

(51 ring

Direct (0.000%):
0.000 kg CO2 eq
Upstream total (18.038%):
1.346E8 kg CO2 eq

(81 15182

Direct (0.000%):
0.000 kg CO2 eq
Upstream total (13.345%):
9.956E7 kg CO2 eq

June 2024 | Dr. H. M. Wakeling
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Contribution Process Total result [kg C... //7‘\\\\”/
AW
v 100.00% 2] 1SIS-Il Overall (Breakdown) = 7.46052E8 = N
\
> 34.06% 5] Other . 2.54073E8 7/1\
> 22.43% 2] LINAC 1 1.67336E8
> 18.04% %] Ring ] 1.34572E8
> 13.35% =) TS 182 1 9.95621E7
> 10.78% &) Cryogenics ' 8.04518E7 \\,////
> 01.35% 2] Support Buildings 1.00565E7 -
N\
N
mm 3.650E8 kg CO2 eq: Electricity UK 2050
= 1,891E8 kg CO2 eq: A.070.06.104 Bituminous coal (26.4 MJ/kg), US, including combustior
1.365E8 kg CO2 eq: Electricity UK 2040
so68] = 2,316E7 kg CO2 eq: 0A.040.01.102 Cement Portland(CEM I) 52.5 N*, orig. LCI o
mmm 1,054E7 kg CO2 eq: A.070.10.104 Diesel low-sulphur including combustion CO2
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1.0e8 \
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Tools available: Databases /‘*\\\j}/
» Global versus local
« One of the most impactful factors in an LCA \

« Age of database

 When comparing free to paid, this is a big difference between the age/quality of data

) ) . i i \\v////
 Particle physics has non-standard materials, often not available in a database —\

« Sometimes new materials/uncommon materials not available in any database are used. To \ L

accurately represent them without performing an LCA on the material itself would add complexity. E/ i\

Can use similar/multiple material contributions which add uncertainty.

_—

\
Y

/ o

Example \\\,//
Ecoinvent: %l\\
Arguably very comprehensive dataset
€1500/year for an individual commercial license, which is potentially a prohibitive price >\ / .
|demat: A
Academic license is free! Paid work must use a commercial license. \\\V%/

~
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Tools available: Impact Assessment Methods

« Many impact assessment methods exist,
no standard yet set within our field

* One example (and more common) assessment
method is the ReCiPE:2016 Life Cycle Impact
Assessment Method.

» Midpoint: Groups of substance flows for detailed
assessment (Climate change,, ...)

» Endpoint: further down the cause-effect chain
“Areas of Protection (Human health,...)

Particular difficulty with radiation
(solid waste)

June 2024 | Dr. H. M. Wakeling
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geres Damage Endpoint area
Midpoint impact category pathways of protection
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Particulate matter ’ Increase in

— Y
Trop. ozone formation (hum) respiratory / lN
disease ol \
lonizing radiation . ' Damage to
e Increase in human
Stratos. ozone depletion | various types of \ health v/ ///
Human toxicity (cancer) 1 “"“" rrrrrrrrrrrrrrrrrrr ///‘\\
Human toxicity (non-cancer) . Increase in other \
' diseases/causes S z/
Global warming ? <
Increase in /
Water use " malnutrition ,
‘ \\V’Z
Freshwater ecotoxicity : : =,
Damage to ; 1
Freshwater eutrophication | freshwater |
- species \
Trop. ozone (eco) [‘, it ' Damage to \\\Vl/
\ ecosystems
Terrestrial ecotoxicity ' 2;";:19";:0 y J / \\
Terrestrial acidification species / l
\ 2
Marine ecotoxicity / e sneckes S ; N
- | Damage to
Mineral resources — Increased | e
Fossil resources |- 7| eTon conm ) availability W\ ]//
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Summary and Conclusion

Understanding and reducing the environmental impact of all aspects of research
IS necessary.

To evaluate the environmental impact of ISIS-Il, an impact analysis is well underway.

To inform the design options for ISIS-Il and the next funding bid,
a simplified Life Cycle Assessment will be performed.

LCA's are a very comprehensive environmental impact assessment tool

They enable hotspot analyses, comparison of impacts of different designs, reporting of
(comparative) impacts and can further efforts in reduction of impact

There are some issues that come alongside them, e.g.
« To perform a legitimate LCA we need time and expertise (money)

« Tools are not (yet) standardized within physics so assessments are not (yet) entirely
comparable

With time and effort, this can only improve

. . e John Adams Institute
Science and @g www.isis.stfc.ac.uk www.adams-institute.ac.uk }/or{l/e'mrolr s’cignce

Technology

Facilities Council X @isisneutronmuon T UNIVERSITY OF
ISIS Neutron and

Muon Source uk.linkedin.com/showcase/isis-neutron-and-muon-source www.physics.ox.ac.uk 2 OXFORD




Back-up slides

ISIS Neutron and

Muon Source



Goal & Scope

Goal

» To identify the lowest lifetime environmental impact between a Rapid Cycling
Synchrotron (RCS) and Accumulator Ring (AR) and the corresponding linear accelerator
(LINAC) designs necessary to deliver a 2.4 MW beam of protons to the neutron and muon

community over a period of 60 years.

Scope
* RCS (low energy LINAC)
* AR (full energy LINAC)

« Functional unit is "one ISIS-II facility that will deliver a beam of protons at an energy of 1.2 GeV to the
neutron and muon community over a period of 60 years"

June 2024 | Dr. H. M. Wakeling
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Inventory Analysis

Construction
* Facility (Buildings, Tunnelling, Location)
* Machine (Accelerator Components, Ancillaries)

« Shielding
Computing
LINAC
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EPB

Modelling performed using existing facilities
such as SNS and J-PARC, where ISIS-I|

24

designs not yet available

Concrete ~15 m OD
Steel~12m OD

Void
~3m dia

Targets
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Impact Assessment NN

//]\\\\
« Following the EN 17472:2022 standard as a basis. \\/ ///
L
L7
Assessment Information ] < N
Life Cycle Information J[ Beyond Life Cycle j
............................................................................................................................. - , N\ %
: o - : 7
Pre-construction Cradle-to-gate Construction Operation End Of Life b Be;‘ﬁ:‘: ::‘:n:f::n':z;"d ] ///‘\\
(A0) (A1 - A3) (A4 - A5) : () b . ) ; Ay
L : 7%
' : A3
B4 B5 o D1 : //
5 - 0= g i Net Flows From ; /
c o o = 5 g 2 x - Reuse . > f—
.g 8 ) 5 £ E o = v - Recycling ! /7]
25 g . 9 c | o8 3 Slea@ssl < 1E2 Bl  -EnergyRecovery [
? £ & k<] & K<) S 9 £ 12 0=l 2 128) - B - Other Recovery :
O _ | o o < o0 ] cfl2 B2S] &5 22 3 BN ; \y//
(o)) 22 = T c t c = o () 9N = T = ) o o '
2 = S £ s | €5 c g2zl 3 1250 2 B :
= ) 1 = & - ES)l 2 0139 2 BEE ;
g 2 £ e 5 e |68 : ESl s 18281 © B : \\
= s = S = Ss gl Opertinalfrecylse B Q G & N5 o Exported Utilities :
> c [ : © O o2 Vo (e.g., Electric Energy, '
] £ B7 Operational Resource (a] S ' : '
E S Consumption ® O o Thermal Energy, !
=3 o Potable Water) ' N\
O : ZIN
BS EN 17472:2022
A. Construction /
14

B. Operation (-
C. Decommissioning 71\‘&
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Impact Assessment

» Following the EN 17472:2022 standard as a basis.

* Many impact assessment methods exist, no standard yet

set within our field.

» Using the ReCiPE:2016 Midpoint (H) Life Cycle Impact

Assessment Method.

» Using openLCA with the Idemat database (currently, fluid,
incomplete database for study)

o One good outcome of this: naturally creates a
database with key particle accelerator components
such as magnets.

June 2024 | Dr. H. M. Wakeling

geres Damage Endpoint area
Midpoint impact category pathways of protection

Particulate matter

Trop. ozone formation (hum)

lonizing radiation

Stratos. ozone depletion

Human toxicity (cancer)

Human toxicity (non-cancer)

Global warming

Increase in
respiratory
disease

' Increase in
I various types of
l cancer

' Increase in other
i diseases/causes

" Increase in

Water use  malnutrition
Freshwater ecotoxicity ,

- Damage to
Freshwater eutrophication | freshwater

- species
Trop. ozone (eco) l- e

' Damage to
Terrestrial ecotoxicity Rt
Terrestrial acidification species
Land use/transformation "65,,",55;@; —
Marine ecotoxicity 7| marine species i

Mineral resources }\ Increased

Fossil resources

'Damago to .,
ecosystems )

resource

_--7 extraction costs
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ILCD Handbook: Analysing of existing Environmental Impact Assessment methodologies for use in Life Cycle Assessment  First edition

23
Tools available: Impact Assessment Methods N
Table 1 Pre-selection of characterisation models for further anaIyS|s \ ﬁr\\\
ReCiPE:2016 Life Cycle Impact ! REREE
Asses_smgnt Method: | LA RE AR AT RE B Ak W /
» Midpoint: Groups of substance flows for detailed 83 HENE : s |E %z ¢ § ‘N
assessment (Climate change,, ...) 1 | R P P PV PO P P B l
* Endpoint: further down the cause-effect chain Ecosindiator E B [0 o e e g
“Areas of Protection (Human health,...) coe o fw [0 [ [0 [w |w |w |w |w o we | W27

noise

« Individualist (I): Short term (~20 years) et ///‘\\§
» Hierarchist (H): most common policy principles
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