International Development Team

LC Sustainability: Shadow Costs, Publication Strategy
Benno List, DESY

LCWS 2023, SLAC

Dec 14, 2023



Example: Cost vs CO2 Optimisation

i

» Resistive electro magnet:
Evaluate CO2 (GWP) and cost as a function of coill
current density

» High density: less copper, but more electric losses

 Plausible claim: "We moved from 5A/mm2 to 3, saving
3000kg of CO2 over the lifetime of the magnet”!

* Increases investment cost by 15000%, but reduces
electricity cost by 20000%
-> saves 5000% over the magnet lifetime
-> just economic sense (although already a tough sell
to funding agencies)

» The sustainable optimum would be at 1.5A/mm2,
saving another 1500 kg CO2, but costing another
20000% in invest, which is more than the 15000$
saving in electricity

» Are you prepared to move away from the economic
optimum towards the environmental optimum?
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Shadow Costs

i

» Are you prepared to move away from the economic
optimum towards the environmental optimum?

» Concept of shadow costs:
Gives an economic “value” to CO2 savings:
a ton of CO2 (savings) is worth e.g. 200€

* Including the shadow costs in the overall costs shifts
the cost optimum towards lower CO2

* Shadow costs allow to include environmental
effects in a cost-benefit analysis

e Caveats

« Shadow costs are significantly lower than the claimed overall
damage from CO2 emissions

+ Nobody pays you the “savings” in shadow costs, instead you
pay a very real cost increase for lowering the shadow costs

+ Shadow costs are so small (currently, 80€/ton) that in many
cases they do not motivate significant CO2 savings
(the figure was made with a whopping 2000€/ton figure!)
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Cost and Sustainability :Ip

o

« Improvements in resource efficiency (shorter e

tunnel, less power) generally reduce CO2
-> are often presented as “improving
sustainability” (including by myself!)
 This is correct, but nothing new:
the incentive to reduce resource use is mostly
cost reduction.
This has always been there

 But: in most cases,
cost optimum # sustainability optimum!

» The litmus test of a serious sustainability
concept: are you prepared to move away
from the cost optimum towards an
environmental (sustainability) optimum?

 This requires evaluating cost and
environmental (e.g., CO2) impact

https://www.flickr.com/photos/30478819@N08/49500013537

CC-BY 2.0 Marco Verch via Flickr
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https://www.flickr.com/photos/30478819@N08/49500013537

Sustainability: What It Is... P
v
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Environmental

Biodiversity Pollution
Natural Resources

Development that meets the needs of current
generations without compromising the
ability of future generations to meet their

needs and aspirations. (WCED, 1987)

Bearable

Efficiency Sustainable

Empowerment
Equitable/ Culture

Growth
Stability

AND DEVELOPMENT

WCED (World Commission for Environment and Development)
(1987) Our Common Future, Oxford University Press, Oxford.

Social

Economic

Surampalli et al. (eds), Sustainability. Wiley 2020.

Gro Harlem Brundlandt at WEF 1989 Cover of the “Brundtland Report” 1987

_ Observation:
3 Three gspects. “Economy”, i.e. cost, is also part of “Sustainability”
: * environmental Nevertheless: Let us talk about tension between
) * economical cost and sustainability,
d « social
©

although more strictly it is
environmental vs economic sustainability
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Publication Strategy :Ip
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» Consider 2 papers

ARUP study

More general “sustainability studies” paper
* ARUP study

Sustainability Strategy for the Cool Copper Collider

Martin Breidenbach®,"? Brendon Bullard® ilio Ale: 12 Dimitrios Ntounis®,

and Caterina Vernieri

dro Nanni®

' SLAC National Accelerator Laboratory, 2575 Sand Hill Road, Menlo Park, California 94025, USA
" Stanford University, 450 Jane Stanford Way, Stanford, California 94305, USA

®  (Received 17 July 2023; published 26 October 2023)

The particle physics community has agreed that an electron-positron collider is the next step for con-
tinued progress in this field, giving a unique opportunity fen detailed study of the Higgs boson. Several
proposals are currently under evaluation by the i ity. Any large particle accelerator
will be an energy consumer and so, today, we must be concerned about its impact on the environment.
This paper evaluates the carbon impact of the construction and operation of one of these Higgs factory
proposals, the Cool Copper Collider. It introduces several strategies to lower the carbon impact of the
accelerator. It proposes a metric to compare the carbon costs of Higgs factories, balancing physics reach,

* Finished => publication ready
energy needs, and carbon footprint for both construction and operation, and compares the various Higgs

* Very thorough, conforms to international aron oo
factory proposals within this framework. For the Cool Copper Collider, the compact 8 km footprint and
St an d ard sS->n eed sa St ron g m eth OdO I Ogy p art , l:::b;;t:?ibhlily for cut-and-cover construction greatly reduce the dominant contribution from embodied
somewhat technical
An electron-positron collider gives a unique opportunity

Authorship needs to include ARUP personnel
. g . to study the Higgs boson’s properties with unprecedented
[ ) S u Stal n ab I I Ity Stu d I eS precision and a t-o provides ‘IlZI crccpliun;\lly clcp:m environ-

ment to search for subtle new physics effects [1]. A number
of different “Higgs factory™ (HF) proposals, based on lin-
ear and circular colliders, are now under consideration. All
of these provide e*e~ collisions at center-of-mass ener-
gies (/s) in the range of 240-370 GeV, and some are also
capable of reaching higher energies

A high-energy particle collider is a large energy-
consuming research facility. Therefore, it is important to
balance its scientific importance against its environmen-
tal cost. The environmental impact of large accelerators
has been analyzed in the recent Snowmass 2021 study
[2] of the future of particle physics in the USA [3

DOL: 10.1103/PRXEnergy.2.047001

L INTRODUCTION In this paper, we attempt a comprehensive evaluation of
the carbon cost of the Cool Copper Collider (C*) Higgs
factory proposal [9,10] over its full lifetime, including
costs from construction and from operation over the pro-
posed timeline. This paper is structured as follows: In
Sec. 11, we briefly review the dc\lp\ of C*. In Sec. 111,
we review the physics reach for C* and other H
tory proposals and introduce a metric for balancing carbion
impact against the physics impact of each proposal. In Sec.
IV, we analyze the power costs of operation of C* and
describe methods for modifying the power design of the
accelerator that would lead to substantial savings with little
impact on the physics performance. In Sec. V, we analy
the carbon impact of the construction of C* and emphasize
that cut-and-cover construction, as opposed to construc-
tion in a deep tunnel, has significant advantages. In Sec.
V1, we discuss options for the source of electrical power

* We have a lot of material
» Worth publishing

» Varying degree of thoroughness and rigor

H H HH 5]. References [4,6-8] have examined the environmental 2 A
- C | han C3 bil
ertaln y not WO rse t an SUStaJna I It a er cost of particular Higgs factory proposals, although often :::z':]l:fml"i‘::;‘:“:nmlnl:m ‘::QL>:::(}:::|I‘§;:‘$?( ‘l,\:l\':f
concentrating on particular elements of the total cost. R ,‘ ‘ % 2 p‘ LR soeg L'
information from available studies and design reports, we
° estimate the carbon impact of other Higgs factory propos-

Consider same journal:

PRX Energy

“caterina@ stanford.edu

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license. Fur-
ther distribution of this work must maintain attribution to the
author(s) and the published article’s title, journal citation, and

2768-5608/23/2(4)/047001(13) 047001-1

als and compare these with C* in the framework described

in Sec. 111

11. REVIEW OF THE C' ACCELERATOR DESIGN
C3, which was proposed recently [9,10], is a linear facil-

ity that will first operate at 250 GeV center-of-mass colli-

sions. Immediately afterward, without further extension of

the linac, it will run at 550 GeV with an rf power upgrade.

Published by the American Physical Society
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https://doi.org/10.1103/PRXEnergy.2.047001

Journal: Physical Review X - Energy :p

-
\&PS Journals Physics Magazine Help/Feedback ,b

PRX Energy Scope PRX ENERGY

PRX Energy welcomes manuscripts on all topics relevant to the multidisciplinary energy science
and technology research communities spanning physics, chemistry, materials, engineering, biology,
environmental studies, and policy. Research coverage in the journal comprises: fundamental and
applied science; theoretical, experimental, computational, and data-intensive research, including
significant advances in methods and instrumentation; and interdisciplinary and emerging areas. The
full scope statement including subject areas can be found here.

sarch About

PERSPECTIVE

In the pursuit of advancing particle physics and gaining deeper
insights into the Higgs boson, proposals for electron-positron colliders

About PRX Energy

The pursuit of science and technology for renewable and sustainable energy is an urgent challenge

are being examined. This Perspective takes a closer look at one such
collider, the Cool Copper Collider, and introduces strategies aimed at
facing society and policymakers around the world today. The physics community has long been central minimizing its carbon footprint, while also conducting a thoughtful

to fundamental energy science and many resulting applications — from defining energy as the capacity comparison with other Higgs factories.

to do work, to exploring the fundamental laws, to discovering ways to harness energy and transform it
PRX ENERGY 2,047001 (2023)
e ] Martin Breidenbach et al.

2 ¥

between various forms, and developing innovative technologies, like steam and combustion engines,
nuclear power, and solar panels. Sustainability Strategy for the Cool Copper Collider

Marin Breidenbach®, 2 Brendon Bullard®," Emilio Alessandro Nanni®, 2 Dimitrios Niounis,'2

But communication and collaboration across traditional boundaries is now critical, as researchers and
stakeholders from a diverse array of disciplines and regions focus their efforts on achieving common

https://journals.aps.org/prxenerqy/

goals.

For these reasons the American Physical Society (APS) launched PRX Energy, a highly selective, fully
open access journal with aims to:

* provide a high-impact forum for the interdisciplinary community focused on energy research and

New: Launched April 22,
2 volumes

technologies

« seamlessly connect members of the community, across all disciplines, to the physics community
and to each other

* maximize dissemination of the most significant and timely results, to facilitate important advances
for the benefit of humanity

Building on 10 years of excellence established by Physical Review X (PRX), the world's leading open

access journal in multidisciplinary physics, PRX Energy will be a fully open access journal featuring highly
selective editorial standards, but with a focus on the interests and needs of the broad and diverse energy
research community. The journal’s editorial team will provide fair and rigorous peer review to select high- ol

quality and timely original research papers, perspectives, and tutorials, all with an emphasis on
outstanding and lasting impact.
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https://doi.org/10.1103/PRXEnergy.2.047001
https://journals.aps.org/prxenergy/

Digest of C3 Paper :Ip
C3 Paper (PRX Energy 2, 047001) adresses MWW!W{,.&;,

several aspects which should be covered in our
paper. Chapter headings:
« Power consumption and optimization

 Present our evaluation of power consumption (never
shown in peer reviewed article)

- Carbon impact of construction
« Refer to (separate) ARUP study
 Mitigation Strategies for Operation

« Discusses projections for regional carbon intensity
(check/refine -> Benno)

* Describe Fraunhofer study for CLIC -> Q: could
this be updated???

« Discuss Japan concept for carbon offsets
» Analysis of Total Carbon Footprint
« Sums it up

« Provide our own plots, including Carbon Profile
(work out for ILC as well)

 Biggest issue: Estimate for accelerator construction!

To be discussed:

C3 paper has a chapter on “Comparison of
Higgs Factory Physics Reach”

Tries to quantify physics benefit by
weighted average of precision
improvements over HL-LHC

* Pro: Defines a measurable Key
Performance Indicator KPI

» Con: Approach is highly debatable
What do we do?

» Adopt?

* Argue?

* Ignore?

12/14/2023
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https://doi.org/10.1103/PRXEnergy.2.047001

l‘ (! I i r*‘

Outline

Introduction

* Introduce Life Cycle concept, importance of overall
design, three pillars (system design subsystem
optimization, operation)

Accelerator Design
» Explain general approach (energy and lumi,

» Decommissioning

* LCAresult
» Total carbon for specified run scenarios

* One paragraph mentioning waste, including
radioactive stuff, no quantitative analysis yet

construction vs operation, high gradient requires » Carbon emission profile
pulsed op + SC or 2-beam, effectiveness: + Mention need for more impact categories
nanobeam)
+ Parameter tables
+ Construction

» LCA of civil construction
» LCA of accelerator (sketch!)

Operation

» Power consumption (tables, explanations /
discussion)

* Operation modes (Fraunhofer study), mention
demand side flexibility, prospects for RES

» Mitigation (CO2 offset, Green ILC, Heat recovery)
» Carbon intensity of el. power
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To Do |p
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Unify approach to running time per yeatr,
machine development, downtimes etc;
refine/define ILC power estimate in down . TeslaMegapack

. :!:3 @Tesla_Megapack
times
. . . Congratulations Megapack team on 12 GWh of operating industrial storage
Make carbon emission profile for ILC at 99% availability!

Revisit potential for energy storage?
100MW x 10h = 1GWh possible

Accelerator LCA

19:15 - 12.12.23 aus Earth - 364K Mal angezeigt

332 Reposts 66 Mal zitiert 2,7K ,,Geféllt mir“-Angaben 60 Lesezeichen

Cost: ~2M$ for 3BMWh according to

https://www.teslarati.com/tesla-hiring-megapack-factory/
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https://x.com/tesla_megapack/status/1734638106920304807?s=58&t=O8EzgaKLNN7aKlfz2gbpyg
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