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FROM WORLD NUCLEAR
UNIVERSITY PRESIDENT

Nuclear electricity generation is growing globally, but it needs to grow faster if
the world is to meet future energy demand and mitigate the effects of climate
change. The major goal that we have set to achieve by 2050 is to generate 25% of
global electricity with nuclear power. Challenges in the technological, regulatory,
economic, and social levels of our industry must all be addressed to achieve this
growth. In such an international industry, this requires strong international
collaboration. Networking is a vital component of international collaboration, and | am
delighted to see the central role the Networks for Nuclear Innovation has played in
this yeardéds Summer Institute.

Fellows are selected to participate in the Summer Institute in part due to their
ambition and enthusiasm for the future of nuclear. The Networks for Nuclear
Innovation groups this year produced high quality reports with serious
recommendations for diverse aspects of the nuclear future. Information does not
respect national boundaries, and | anticipate that the innovative ideas generated
during the NNI will be carried forward by the Fellows into their 39 countries. | support
the endeavours of these future leaders, and fully believe in their future successes.

Agneta Rising
President
World Nuclear University
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World Nuclear University
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FOREWORD

This year the Summer Institute attracted 82 Fellows representing 39 countries.
They bonded in Romania and then gathered in Switzerland, under the close
guidance of their mentors, to intensively work on the dedicated projects of the
programme i the Networks for Nuclear Innovation. The thematic chosen reflects
actual aspects of nuclear industry, which are or have to be driven even more by
innovation, to cope with the global context of climate change and accelerated
digitalization.

The Fellows developed ideas, concepts and practical solutions to promote
innovation in their area chosen while addressing the Sustainable Development
Goals. The presentation of their results achieved, during the closing day of the
Summer Institute, called for reflection, adaptability and international cooperation.
Institutional changes needed, short term, mid-term and long term perspectives,
economical aspects and implementation ways were carefully studied by the teams.
Some of the messages derived are captured in this brief introduction, being in the
same time an invitation for the reader to carefully consider each of the projects
described, engage in dialogue and disseminate the most feasible proposals.

Innovative nuclear reactors, the Gen IV and the small modular reactors can be
the ingredients of a nuclear renaissance, having increased safety capabilities and
ability to target specific customer needs.

In order to encourage the development of Gen IV reactors, it is needed to
collaborate at international to consolidate the fundamental features of Gen IV design
and simplify the process of validation.

When communicated nuclear energy outside the industry, the Fellows
highlighted how important is to come from the same shared values to the social and
ethical level in order to be understood and build solid partnerships based on trust.
This is key in gaining more acceptance for nuclear and going towards the goals of
the Harmony programme.

Different aspects and criteria have to be considered when assessing the
feasibility of a nuclear project, this being the base of creating openness and support,
as every country has its own particularities. A forum for providing technical advice on
feasibility studies and sharing of information has been proposed by one of the teams.

Peopl e ar e a companyos mo s t i mport
expensive and safest equipment and systems, high-performing organizations shall
invest in their people and culture to truly achieve their vision and mission. In order to
maintain a proper organizational environment, favourable to development and
progress, periodical checks and assessments of the organizational health and state
of the culture in the organization have to be performed.

Another message strongly reinforced was that creating and maintaining a
valuable and well prepared human capital is crucial for nuclear but has also to keep
the pace with the technology infusing now all aspects of people's life. Organizations
have to be aware and prepared to allocate the needed resources while having a
sound and adaptive strategy. Governments, academia, and nuclear industry
stakeholders can join efforts to create an internationally connected nuclear industry
network where individuals possessing qualifications needed are much easier
identified, as well as shortages or surpluses of particular skills.

We hope that the reader will enjoy the content and find value in it.
Yours sincerely,

Alina Constantin

Editor-in-Chief

World Nuclear University Summer Institute Networks for Nuclear Innovation 2019
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Abstract
Among various Zero Emission Technology (ZET), Nuclear and Intermittent Renewables are

considered as important to achieve deep carbonisation. The public and decision-makers have high
expectations for Intermittent Renewables and its share is rapidly growing globally. According to OECD
IEA, hydropower remains the largest renewable generation source, meeting 16% of global electricity
demand by 2023, followed by wind (6%), solar PV (4%), and bioenergy (3%). The recent expansion of
intermittent (or non-dispatchable) renewables, assisted by such policy tools as FIT (Feed-In-Tariff) or
PTC (Production Tax Credit), is remarkable, but requires additional system costs for backup power,
flexibility of power generating sources, storage/hybrid production and grid management, and does not
necessarily translate to low gCO2/kWh nor affordability. In some countries, operation and economics
of conventional base-load power generating sources including nuclear power are threatened by
increased share of intermittent renewables. However, complementary use of nuclear and intermittent
renewables contributes to security (increased GHG emission reduction, increased domestic energy
supply) and better economics for both since both are capital-intensive and a high capacity factor is
required for economic operation. Looking beyond the complementary use of nuclear and intermittent
renewables, there will be many technological (by use of ZET [Zero Emission Technology] and even
NET [Negative Emission Technology]) and institutional innovations conceivable for deep
decarbonization.

The work conducted for this project aimed to develop technological and institutional options to
achieve deep decarbonization by 2050 with minimum cost burden to society. The present report
demonstrates a new approach and provides recommendations on accomplishing carbon neutrality in
OECD countries by 2050 using hydrogen storage for the most carbon-intense areas of human activity
- energy production, industry and transport. The proposed hydrogen-based energy system includes
diverse facilities, such as a very high temperature reactor (VHTR), lodine-Sulphur (IS) conversion
facility, electrolysis facility, compressed air storage and Brayton cycle gas turbine, ensuring grid
stability, as well as price stability, which can be affected by the prompt ingress of intermittent
renewables.

1. Introduction

At the G8 meeting in LO6Aquila in 2009, |l eader s

agreed to achieve at least 50% reductions of GHG emissions by 2050. The UK is the first major
economy that institutionalized by law a target to cut greenhouse gas emissions to net zero by 2050
and legislated to the end its contribution to global warming. Few years later, at the COP 21 in Paris in
2015, 195 countries adopted the first-ever universal, legally binding global climate deal to avoid
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dangerous climate change by limiting global warming to well below 2°C. In order to accomplish the
Paris Agreement, Sweden introduced a climate policy framework with a climate act. By 2045, Sweden
is to have zero net emissions of greenhouse gases into the atmosphere.

Climate change is the biggest challenge that society faces today and urgent actions are
required by the most developed countries in order to mitigate its effects for future generations. UK and
Sweden have started to do more in these terms, however the biggest questions is how to develop
technological and institutional options to achieve deep decarbonisation with minimum cost burden to
society. Succeeding in that will bring carbon neutrality in OECD countries by 2050. At the same time,
that would help to achieve the SDG 7 (Sustainable Development Goals 7 - Affordable and Clean
Energy) because our proposal will ensure access to affordable, reliable, clean, sustainable and
modern energy, and SDG 3 (Good Health and Well-Being), SDG 13 (Climate actions) and SDG 11
(Sustainable Cities and Communities) because to achieve what we propose takes urgent action to
fight climate change and air pollution (especially in the cities).

According to the OECDs Statistical Data Base, 89% of GHG emissions are produced by the
Energy, Transport and Industry sectors, so focusing on those three sectors will definitely make
changes in achieving decarbonisation. The purpose of this report is to propose to OECD policy
makers a new approach on how to accomplish carbon neutrality in OECD countries by 2050. The aim
of the new electricity system will be hydrogen production cells that will be used for hydrogen storage
that will be used for energy production, industry and transport as needed. Hydrogen is the fuel of the
sustainable future because it generates zero emissions and can be produced from low-carbon
electricity or from carbon-abated fossil fuels. This report demonstrates that using hydrogen storage to
achieve decarbonisation i s possibl e wi t h todayos a
reasonable institutional options.

2. Energy
2.1. Overview

In order to achieve deep decarbonisation in the OECD countries, roughly 60% of electricity
supply that today comes from coal, gas and oil should be replaced with renewables and nuclear
power [1]. With the introduction of such a high percentage of renewables some kind of storage
system is necessary in order to ensure grid stability. Our proposal is to use hydrogen storage.

2.2. Hydrogen Production Cells

The building blocks of this new electricity system are hydrogen production cells. Several of
these hydrogen production cells are envisioned as a part of the new electricity system. The idea of the
hydrogen production cell is to ensure network stability and reduce the price volatility at the time of a
large ingress of renewable energy which is necessary in order to replace 60% of CO,-intenssive
energy sources. It accomplishes these aims by storing energy when electricity supply is abundant
(e.g. sunny and windy days) and produces electricity when electricity supply is scarce (e.g. days
without wind).

The hydrogen production cell will contain a very high temperature reactor (VHTR) with
accompanying lodine-Sulphur (IS) conversion facility, electrolysis facility, compressed air storage (if
available) and Brayton cycle gas turbine. The facility will be continuously powered by the VHTR and
intermittently by the excess renewable energy or outside electricity from nuclear power when the
electricity demand is low. The power will be used to produce hydrogen and fill up compressed air
storage. Hydrogen storage will have two input streams of hydrogen: Hydrogen from curtailed or low-
cost renewable/conventional electricity produced by electrolysis and hydrogen from the VHTR (very
high temperature reactor) produced by lodine-Sulphur (IS) cycle. Figure 1 presents schematic the
hydrogen production cell.

World Nuclear University Summer Institute Networks for Nuclear Innovation 2019
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FIG. 1. Hydrogen Production Cell Schematic.

At the time of high demand the gas turbine will activate to support the electricity network.
Stored energy in form of hydrogen and compressed air will be used.

The proposed system is practical: All the proposed components have been implemented on full
or experimental scale and their further development is being actively pursued [2], [3], [4], [5].

The proposed system is economical if the externalities of fossil fuels are reflected in the price of
fossil fuels: Utilization of VHTR reduces the price of produced hydrogen to under 28 US¢ /Nm? by the
year 2030 and 19 US¢ INm® by the year 2050. This is twice the price of natural gas in Europe per
generated power unit meaning that some support mechanism is needed [6], [7].

2.3. Additional Applications

The produced hydrogen will be distributed to the industry and transportation in order to facilitate
decarbonisation in these sectors.

In order to guarantee the stable supply and reasonable cost of hydrogen, which is precondition
for its acceptance in other sectors such as industry or transportation, a VHTR is an important
component. This is because hydrogen produced by this method is cheaper [8] compared to hydrogen
produced using only renewable energy and dispatchable.

World Nuclear University Summer Institute Networks for Nuclear Innovation 2019
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3. Transport
3.1. Overview

The transport  sector
consists primarily of road, air,
and water based transportation
methods, which  combined,

accounted for almost one 7.5
quarter of total global CO,
emissions in 2016, a 71%
increase on 1990 levels [9]. .

Road transportation is the
most significant contributor to
the sect or 6FBgureni
shows the global transport CO, 2.5

[ — ]

10

GtCO2

emissions by sub-sector [9].

Given this, and
projections of future global trade 0
it is clear the road transport 1990 2016
sector in developed countries
has an important role to play, ® Road Air @ Water Other

alongside other sectors, in
providing technological and
institutional innovations  to
reduce CO, emissions [10].

One such innovation is the use of Hydrogen powered vehicles throughout the road transport sector.

FIG. 2. Global Transport CO, Emissions by Sub-Sector.

3.2. Fuel Cell Electric Vehicles for Road Transport

The vast majority of road transport falls into 3 main categories: passenger cars, road freight
vehicles (lorries), and public road transport (buses). The decarbonisation of these methods of
transportation would account for the almost complete decarbonisation of the road transport sector. All
of the above vehicles are compatible with Hydrogen and Fuel Cell technology.

Our proposal is based in the use of FCEVs (Fuel Cell Electric Vehicles), together with BEVs
(Battery Electric Vehicles) in substitution of Internal Combustion Engines (ICE) or even Hybrid
solutions to get deep decarbonization.

According to the Shell Hydrogen Study, the maturity, requirements, advantages, disadvantages
and alternatives can be seen for each vehicle type as indicated in Table 1 [11].

TABLE 1. Factors in FCEVs of Various Types.

Cars Lorries Buses

Technology proven worldwide | Vehicles mostly in the USA (around | Technology tried and tested in

(Europe, North America, Asia) | 50), with individual examples in numerous small fleets worldwide
through prototypes/small Germany/EU. Concepts and (Europe, North America, Asia),
Market fleets, first production vehicles | prototypes primarily for smaller larger projects with several hundred
Maturity in moderate numbers. lorries in urban areas with air quality | buses at the planning stage;
Incentive schemes for issues, but also first currently only in publicly funded
passenger car purchase still concepts/prototypes for heavy transport projects, studies on
necessary goods vehicles. commercial use.

World Nuclear University Summer Institute Networks for Nuclear Innovation 2019
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Comparable to internal ) ) )
. . ) ) Flexible, reliable use in scheduled
combustion engine vehicles in . . ) .
. Space-saving hydrogen storage; services with short downtimes (for
) terms of equipment, ) o . . )
Requirements reliable supply; reduction in total refuelling/charging); ideally no
performance, range; ) ) e
. cost of ownership. space and weight restrictions for
sufficiently dense hydrogen
o passenger transport.
refuelling infrastructure.

Range 300 to 450 km, no public

o infrastructure needed for municipal
Pollutant-free driving; range . . . .
Higher efficiency, no air pollutants, buses, range still too short for
Advantages and performance close to ) T ] )
low noise emissions. coaches; no air pollutants, low noise
petrol cars. o ) N )
emissions, little additional weight

from hydrogen tanks.

Still much more expensive ) ) . ) . .
) ) Expensive drive technology/fuel; still | Vehicles still more expensive than
) than internal combustion ) .
Disadvantages . . shorter range than diesel; low the reference technology of diesel
engine cars; poor refuelling

o density of refuelling stations. buses.
station infrastructure.
CO,=0:BEV
) CO,=0:BEV CO,=0:BEV ] )
Alternatives ) CO,: Gas buses, diesel hybrid
CO;,: ICE COg: ICE diesel, LNG/CNG b
uses

FCEVs together with BEVs are necessary to achieve a deep decarbonization of the
transportation sector. Both make use of similar and complementary technologies suitable for different
segments and customers. They are not competitive but complementary.

According to the specific requirements on weight and range for each method of transportation,
FCEVs are particularly important for technologies where electrification, or the use of batteries, is not
practical, such as long distance freight trains. Figure 3 shows [12] transport technologies most suited
to either FCEVs or BEVs, as a function of vehicle range and weight.

Weight
tons

1,000 Shipping' | S

100

0 300+ 600+ 5,000+
Range requirement
km

FIG. 3. FCEV and BEV Transport Technology Applicability.

Taking into account the current cost projections of FCEVs and BEVs, mainly for long range or
heavy payloads, FCEVs become more competitive, due to the lower associated costs of adding
hydrogen storage versus adding batteries. It is expected that by 2030, the cost of a typical powertrain
with a 55 kWh battery, with a 300 km range will be comparable between BEV and FCEV [12]. With
regards to future projections of technology range, it is estimated that the range to weight ratio of

World Nuclear University Summer Institute Networks for Nuclear Innovation 2019
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FCEVs will, by 2030, bring the technology in line with comparable Internal Combustion Engine (ICE)
vehicles available today [12].

According to the energy model of green H, production, the emissions of the whole FCEV
lifecycle are comparable to those of BEVs running on green electricity [12].

3.3. Infrastructure

If hydrogen technology is to be deployed for the decarbonisation of the road transport sector in
the future, significant additional infrastructure will be required.

3.4. Filling Stations

There are three different location solutions for hydrogen refuelling stations:

1. Integration into an existing refuelling station

2. New standalone facility

3. Mobile refuelling stations when a small amount of hydrogen is needed

Which of these are chosen depends on different priorities. Our proposal consists on integration
into existing refuelling stations to preserve local jobs and capital assets. In case of new standalone
facilities, the proposal includes greater possibility of standardization of key components and
minimising of investments.

3.5. Transport of H,

While transporting electricity over long distances can cause energy losses, pipeline
transportation of hydrogen reaches almost 100% efficiency. This benefit makes hydrogen an
economically attractive option when transporting clean energy at scale and over large distances.

Our proposal recommends the use of current gas transport pipelines to transport. Some
experiences, as the H21 project [13] in which gas distributer company in Leeds concluded than it was
possible technically and economically viable to decarbonise L e e dgasodistribution networks by
converting them to 100% hydrogen.

4. Industry
4.1. Overview

According to a United Kingdom CO, emission survey in the industrial sector, the primary emitter
is the steel industry and secondary is the chemical industry [14]. So we propose a hydrogen-utilising
decarbonisation solution for the steel and chemical industries.

4.2. Steel Industry

Iron and steel are key products for the global economy. The sector is the largest industrial
emitter of and second largest industrial user of energy [15]. Although considerable improvements
have been made in recent years, the iron and steel sector still has the technical potential to further
reduce CO, emissions.

The steel making process

. . . . . L1} Li}
is illustrated in Figure 4. First, 80% . 20%
steam the material coal to make a (tronoreld ] (convertng) i*’ h
" " Steel Steel products
substance called "coke". Next, ﬂ— e | ™ 7 rol?iﬁg T ™
this coke, iron ore and limestone —J . : H U,Eh,ﬁ
. 1 +y |
are put into a furnace called I's l | [ Pl
. - ~ [t =
ﬁ = ’tmﬁ"ﬂ:' N
| Coke |~ \ vy
World Nuclear University < - - T i
1 = |
1
1

p A

FIG. 4. Typical Steel Production Process.
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"Blaster". What we have produced is the "crude iron" which is the raw material for steelmaking. Then,
aftervariousprocesses, it becomelkahbobhondkficamaallegd #ft b

The coke is a mass of carbon, which is a substance represented by "C" in the elemental
symbol. On the other hand, iron ore is represented by "Fe,0s". In the blast, the easy-to-burn coke
burns, generating very high heat and raising the temperature inside the blast. Iron ore is melted by
this heat. Furthermore, since coke is "C", it combines with oxygen "O" contained in iron ore to
generate CO, and plays a role of removing oxygen from iron ore. This phenomenon is called
reduction. This process can prevent the oxidation of iron ore and make strong iron.

The percentage of energy consumption in the entire steelmaking process is approximately 80%
of the upper stroke including this blast furnace. If energy saving and CO, reduction proceed in this
part, it can have a big impact on the CO, emissions of the entire steel industry.

To reduce CO, emissions in the "upper stroke" including blast furnaces, we propose two
methods "Hydrogen reduction technology" and "Carbon dioxide Capture and Storage".

4.3. Hydrogen Reduction Technology

Hydrogen reduction technology is that replace part of the role of coke entering the blast furnace
to Hydrogen (H). Hydrogen (H) is combined with oxygen "O" of iron ore "Fe,O3" to make water (H,0),
and "reduction” is performed to remove oxygen from iron ore.

The steel industry is trying to use hydrogen produced by reforming the gas which is produced
when coke i s pr od uen eeductionatechndlogy” [16). 'Oy the otlier hand, we, the
nuclear industry and the electricity industry, can supply hydrogen using technologies such as HGTR.
In other words, collaboration between the steel industry and the nuclear industry are expected to
achieve significant reduction of CO, emission in the steel industry (Figure 5).

Energy working
Group’s solution
HTGR Renewables

etc._~

FIG. 5. Proposed Nuclear, Hydrogen and Steel Industry Solution.

4.4. Carbon Dioxide Capture and Storage

In order to burn with high heat, it is necessary to put coke into the blast furnace as well. But
then, as mentioned above, CO, is generated by "reduction". Therefore, CO, is separated and
recovered from the gas discharged from the blast furnace. This is Carbon dioxide Capture and
Storage (CCS).

. [ Ethylone
4.5. Chemical Industry
—t Propylene
. . — MetnaneHydrogen  ==b{ Plastic products
The chemical industry is the S s Crudo Ce P
. Naphtha g oo
second largest CO, emission sector. Eth > ad rrae :
The chemical industry consumes a ane Fractonaion F— Pygas
large amount of fossil resources Units mm
such as naphtha and ethylene as a e Xylonos
PRI Cy/Cs Non Aromatics
Heavy Aromatcs

Liqust
World Nuclear University Sumr Energy Fuel Of  Prproducts

FIG. 6. Typical Plastic Production Process.
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raw material for plastic products, and its impact on global warming due to CO, emissions is
significant.

Ethylene, one of the raw materials for plastics, is produced by thermal decomposition of
naphtha and ethane. Therefore, the production of ethylene requires a large amount of energy and
emits a large amount of CO,. Figure 6 illustrates the typical plastic production process.

CO, emissions can be reduced if plastics can be produced using CO, as a raw material instead
of fossil resources. To reduce CO, emissions, we propose "Carbon dioxide derived Key Chemical
Production Process technology".

This is a technology that produces plastics using CO, and hydrogen as raw materials, not fossil
resources [17]. CO, is collected from thermal power plants, steelworks and factories, hydrogen
production facilities using steam reforming etc. Hydrogen can be supplied by the nuclear industry and
the electricity industry using technologies such as HGTR. In other words, collaboration between the
chemical industry and the nuclear industry are expected to achieve significant reduction of CO,
emission in the chemical industry. The proposed nuclear, hydrogen and chemical industry solution is
presented in Figure 7.

__—Enerqy working ~————__
ke Group's solution
HTGR Renswables Plastic preducts

Thermal p R
Factory,

CaorCaorCsy

( desired olefin ”Q}

FIG. 7. Proposed Nuclear, Hydrogen and Chemical Industry Solution.

5. Institutional Recommendations

In order to implement the technical vision of the hydrogen society, and to achieve the required
target of net zero greenhouse gas emissions by the 2050, innovative and deep institutional policies
are needed. We propose comprehensive climate legislation supported by clear global budgetary
commitments. Part of the legislation will apply immediately and include, among other proposals, the
following main provisions presented in Table 2.

TABLE 2. Immediate term institutional provisions.

Provision Short Description Motivation
Hydrogen and Education about hydrogen, climate In order to achieve public acceptance of the
clean energy change, different type of clean energy proposed measures it is necessary to educate
education and production and importance of the the public about the technology. Promotion of
research environment conservation for the general research of hydrogen technology is necessary
promotion. public. Promotion of hydrogen research in order to reduce cost and increase safety
nationally and internationally (e.g. through | and availability of the technology.
OECD)

World Nuclear University Summer Institute Networks for Nuclear Innovation 2019
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Greenhouse gas Tax per released amount of greenhouse Include society/external cost into the price of
tax for energy gas and current CO2 trading system generated energy; make hydrogen
generation reform (fixed and increased minimum CO, | economically more attractive.

G/ ton price)

Government Monetary support for development and Development of hydrogen-based society
subsidy for introduction of hydrogen-based requires R&D and investment support that
hydrogen technologies. should be provided by the government.
technology

Part of the legislation will apply in the middle to long term and include among other things the
harmonized tax policy, the preferential treatment for low-CO, products and the ban on carbon
combustion (Table 3).

TABLE 3. Mid / long term institutional provisions.

Provision Short Description Motivation
Harmonized Harmonized tax policy in In order to ensure equal development of the technology
tax policy relation to hydrogen across the | across the national borders a common tax policy is needed.
OECD.
Preferential Customs tariff should apply in Serves to increase economic competitiveness of hydrogen
treatment for relation to CO, emission advanced and CO»-low economies in comparison to countries
low-CO» resulting from the that have not adopted low CO, framework.
products. manufacturing of the product.
Ban on Total prohibition on This purpose of this policy is to create the sense of urgency
carbon combustion of fossil fuels. and ensure introduction of COz-neutral technologies.
combustion Year when this measure will
be introduced should be
agreed and fixed long in
advance.

6. Evaluation

Sustainable development requires a long-term structural strategy for the global economic and
social systems, which aims to reduce the burden on the environment and on natural resources to a
permanently viable level, while still maintaining economic growth and social cohesion. Only
development that manages to balance these three dimensions can be sustained in the long term.
Concerns regarding such factors as social, economic and environmental impact have increased
interest in the sustainability assessment of energy systems based on hydrogen [18].

International Energy Agency (IEA) Task 36 advances were used to increase the readiness level
associated with the life-cycle framework for sustainability assessment of hydrogen energy systems by
robustly combining harmonized life-cycle environmental (global warming, cumulative energy demand,
and acidification), economic (LCOE) and social (fair salary, health expenditure, etc.) indicators [19].

Three sustainability dimensions are to be taken into account in carbon-intensive areas of
industry, energy and transport. Since 2017 energy sector emissions increased by 2.6% and a further
by 2.5% in 2018, following three years of decline. In the industry sector direct CO, emissions rose
0.3% to reach 8.5 GtCO, in 2017 (24% of global emissions), a rebound from the 1.5% annual decline
during 2014-16. Transportation is responsible for 24% of direct CO, emissions from fuel combustion.

World Nuclear University Summer Institute Networks for Nuclear Innovation 2019
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Decarbonizing the power, industry and transport sectors is a fundamental step to reduce emissions,
especially in an increasingly electrified world [20].

Sustainability assessment of complex energy systems is encumbered by a need to consider a
number of important while also competitive parameters reflecting three sustainability dimensions.
These parameters are defined quantitatively as indicators to be used in the assessment. No single
indicator can fully capture the complexity of an energy system. In this case structured methodologies
for assessing energy sustainability are needed. IEA and the International Renewable Energy Agency
(IRENA) in their studies [20], [21], provided a set of indicators helping to assess different areas of
hydrogen energy systems use. Together, the indicators make up an accessible and comprehensive
tracking framework that can help inform effective and well-coordinated policy-making.

Considering advantages and disadvantages of these methods in assessing sustainability of the
proposed hydrogen-based energy system is complex, highlighting the need for additional elaboration.
In addition to three sustainability dimensions proposed the infrastructure dimension is crucial for
development. It provides the services that enable society to function and economies to thrive. This
puts infrastructure at the very heart of efforts to meet the Sustainable Development Goals (SDGs)
[22]. The proposal developed by the Network for Nuclear Innovation (NNI) Group 1 for sustainability
assessment of energy systems involving hydrogen production combines suitable indicators developed
by IEA and IRENA and supplements them with ones for infrastructure dimension providing the ground
for sustainability enhancements. The assessment indicators for hydrogen energy systems are
presented in Figure 8.

Sections Our key indicators Measure Our weight proposal
« CO, emissions CO, 10%
Environmental « Share of low-carbon power generation % 10%
*  Share of EV in new sales % 5%
« Energy savings, CO, savings % 8%
___________ * _ Energy consumptionperGDP__ Energy/$ 8 5%
+  CAPEX $ 10%
=  Discount rate % 5%
. «  Capacity factor % 7%
Economic .
Lifetime years 5%
«  Performance, commodity prices $ 5%
___________ * _ Operation & Maintenancecost . % & 5
Development of Hydrogen and EV charging station Yes | No 5%
Infrastructural . e . .
___________*_ Integration of Transmission grid, Storage, Curtailment __ Yes|No __§ pl. )
« Level of direct human work input % 5%
Social + Level of health expenditures % 5%
* Average salary in a Country Salary / Average 5%

FIG. 8. Assessment Indicators for Hydrogen Energy Systems.

The set of indicators with proposed weighting can be used within the framework of multiple-
criteria decision analysis tools to see the progress in the process of sustainability enhancement and
gaps identification.

7. Conclusions

In the view of major environmental challenges facing humanity nowadays, the transformation of
the global energy sector from fossil-based to zero-carbon by the second half of this century is evident
and acknowledged on the international level. The present report demonstrates a new approach and
provides recommendations on accomplishing carbon neutrality in OECD countries by 2050 using
hydrogen storage for the most carbon-intense areas of human activity - energy production, industry

World Nuclear University Summer Institute Networks for Nuclear Innovation 2019



WORLD
# Y NUCLEAR

Pagel|l3

and transport. The proposed hydrogen-based energy system includes diverse facilities such as
VHTR, IS conversion facility, electrolysis facility, compressed air storage and Brayton cycle gas
turbine, ensuring grid stability, as well as price volatility, which can be affected by the prompt ingress
of intermittent renewables. Technological and institutional recommendations developed are aimed at
achieving targets stated in the SDG 3 (Good Health and Well-Being), SDG 7 (Affordable and Clean
Energy), SDG 11 (Sustainable Cities and Communities) and SDG 13 (Climate Action). The progress
on the way to successfully reach CO, burden free future can be assessed by means of indicators in
each of sustainability dimensions, including infrastructure.
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Abstract
An innovative tool (hereafter called PulseCheck) to promptly measure the health and culture of

an organization was systematically developed as the final requirement of the 2019 Summer Institute

at the World Nuclear University. The PulseCheck tool directly responds to the need of the nuclear

industry (e.g., nuclear power plants, nuclear fuel cycle, research and development institutions, etc.) to

standardise and simplify the mechanisms to assess the effectiveness of an organization. Although

this tool was originally developed for the nuclear industry, and because it is people centred, it is

sufficiently versatile for implementation in other industries with different economic and social factors.

The metric associated with the PulseCheck tool is a comprehensive survey based on key attributes

that were identified through extensive research and the collective experience of the authors. The

output of the PulseCheck t o o | was cat eg &ssentiabQutcameso n g hat x afie appl i c«
any organization: set direction, maximize competence, effective tool set, workforce engagement, cope

with risk and sustainable results. Two main sets of indicators were then defined (i.e., Leadership and

Team Effectiveness Indicators) to give a concise assessment of the health state of the organization.

This assessment will provide the leadership and individuals in the organization valuable data to

establish actions aligned not only towards improvement, but also towards further understanding of the

reality of the organizationds health. I'n addition, |
obtained by cross-linking the data obtained in the survey with well-d e f i ned peulstomrad i i i es o
have been described in the open literature. The PulseCheck tool goes one step further and allows

leaders and top management to get insights in how the organization can drive a cultural change

depending on its desire to have a certain type of culture, which at the end should be based on the

organi zationbés.values and vision

1. Introduction

I n todaydés worl d, al most every organization (the
devoting a significant amount of effort, time and resources to develop a robust and reliable heathy
environment to achieve success; neverthel ess, it i s

complex and sometimes contentious concept that involves not only the working culture and
empl oyeesd enga glyacstviids, but alsotthk ability of theadrganization to align around
a common Vision, execute against t hat vision effect
empowerment, innovation and creative thinking [1], [2], [3]. Based on the multidimensional aspect of
this concept, measuring the organizational health is a complicated task that could involve a lot of

resources, time and even complex data processing [4]. Therefore, our goal for the Network for
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Nuclear Innovation project at the World Nuclear University Summer Institute 2019 (WNUSI2019) was
to develop an innovative and user-friendly tool (i.e., PulseCheck Assessment Tool) that could be used
at all levels of any company/industry to provide a fast and concise diagnostic of the health and culture
status of the organization. The output of this tool would give a high level summary to the
management/leadership team in order for them to set appropriate actions to either reinforce the
existing healthy culture or to work towards improvement for a healthier and stronger organization on
its way to excellence.

In this document, a high level summary of the actual PulseCheck assessment tool is covered,
as well as the basic criteria used for its development and potential improvement. It is our expectation
that this tool would be implemented in the nuclear industry, but also easily transferred to other
industries with different economic and social factors.

2. How can we diagnose an organization and implement a sustainable
change?

As fellows of the World Nuclear University Summer Institute and individuals with leadership
positions in the nuclear industry, the authors recognized their responsibility to demonstrate the
numerous benefits that nuclear science and technology currently has and can have in the future. It is
clear that demonstrating these benefits starts with the performance of existing organizations in the
industry; nevertheless, it is recognized that long-term performance depends on Organizational
Health. Some of the questions that are addressed throughout this work are:

1 How well is the leadership of your organization truly leading?
1 How effectively do you and your colleagues work together?
T I's your organizationés culture aligned with th:

It is recognized however, that assessing these and other aspects of an organization can be
challenging, and more so to actually implement any long-lasting changes. Nonetheless, experience
has shown the reward to be well worth the effort with studies demonstrating a strong correlation
between organizationalhe al t h and an organizationbés performance.
is intended to provide a simple and yet effective method to give an initial diagnostic of the overall
organizational health and current working culture, allowing weakness or gaps to be identified and
challenged using a set of improvement measures and actions.

2.1. The PulseCheck Framework: Organizational Health

As described before, organizational health is not defined by any one factor, but can be broken
down into a number of essential outcomes [4], [5]. These essential outcomes are:

/ Set Direction: Leaders establish a clear vision and strategy and align their team around
@ this common purpose setting up individual goals aligned with the vision of the organization
and ensure expectations are clearly stated and communicated.
Maximize Competence: Leaders develop talent within the organization and foster a
a continuous learning attitude. The teams are recognized for being proficient in their specific
focus area of expertise with all members clearly understanding their roles and
responsibilities.
Effective Tool Set: Leaders provide an efficient tool set (e.g., software, procedures) to
oS accomplish the required work while the team is well trained on these tools and uses them
efficiently.
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Engaged Workforce: Leaders engage the workforce and inspire them through

communication and empowerment. This engagement builds and sustains trust and fosters

a culture of continuous improvement through coaching and accountability. Teams work to

build a positive atmosphere through mutual trust and respect.

Cope with Risk: Leaders make well-informed decisions, always considering the impacts of

those decisions and potential actions to mitigate risks to the organization (i.e., a risk

management approach is embedded within the strategic planning of the organization).

Similarly, teams and individuals make informed decisions within their area of responsibility,

communicating effectively and resolving conflicts efficiently.

Sustainable Results: Leaders drive the organization to a position in which strong
./" performance is sustainable and driven towards continuous improvement with prompt

I I actions taken to address performance declines. The team is always accountable for their

ol nto el ) _ _

results and individuals help each other in times of need i everyone is committed to the

overall success of the team and the organization.

Each of these Essential Outcomes can be diagnosed via a set of indicators, which are broken
down into leadership and team components. To assess the health of these indicators, their attributes
were studied and survey questions were carefully drafted, with all responses using a linear scale of 1

to 5. A comprehensive definition of a O6healthy

mention that for the purpose of this project, a survey was selected as the main metric for gathering
information; however, other metrics could be used and integrated into the PulseCheck tool in the
future. Once the responses of the survey were compiled, the risk level of each indicator was defined
as high risk (coloured in red), medium risk (coloured in yellow) and low risk (coloured in green) for an
easy-to-read assessment. The definition of the risk levels was defined on the percentage of answers
that fit to a specific outcome/indicator: over 80% was considered low risk, between 65 and 80% was
defined as medium risk and below 65% was considered high risk. The actual dashboard is depicted in
Figure 1.

Organizational Health Dashboard
The Dashboard below provides an azsessment of the organizational health through both Leadership and [~ Medium Risk |
Health Indicatars. The understand each Outcome or Indicatar, please click anthe cell,

Essential Outcomes ||Leader5h‘|p Healthlndicators” Team Health Indicators || Feedback

Maximize
Competence

e | e |

FIG. 1. Screen Shot of the PulseCheck Dashboard for the Organizational Health Assessment.
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2.2. The PulseCheck Framework: Culture Assessment

The culture of an organization can be described as
vision. While organizational health measures how effectively leaders and teams work and work
together, the culture assessment determines the type of interactions and delivery mechanisms the
organization uses to deliver the work. For the purpose of this project, the culture of the organization is
considered in two dimensions:
1 Dominant trigger for change - Individual decision-making, supervisor decision-making
or leadership decision-making;
1 Dominant control mechanism - Individual skills and knowledge, rules based and/or
process based.
Based on the combination of these two dimensions, an organization can be described as having

one of the nine culture Ayer sonal itiesod as depicted i
Individuals focus on Team focus on highly Leaders focus an highly
" highly evolved process evolved process activities | evolved process
L1 P - . P -
] activities and metrics and metrics activities and metrics
§
& Problem solving by Problem solving by Problem solving by
E Individuals supervisors leaders
g
g Decision making by Decision making made by | Minimal individual
E individuals team supervisors decision making
3
2 Individuals focus on Supervisors focus on Leaders focus on results
g results and rules results and rules and rules
-
= g
E = Flexibility in application | The team and leaders are | Authoritative,
38 ﬁ of procedures closely aligned charismatic leader
£ &
z Individuals are involved | The team is involved in Leaders set the rules
g in making the rules making the rules
= Individuals responsible Supervisors responsible Leaders set standards
- for ‘when and how' to for ‘when and how' to and ‘when and how' to
m
o u| 2pply standards apply standards apply them
= | Individuals accountable | Supervisars accountable | Leaders accountable for
32 2| for results for results results
2=
2
E Individual driven Supervisar driven Leadership driven
activities activities activities
Individual Initiative Supervisor Initiative Leader Initiative

Dominant Trigger for Action

FIG.2. The Nine Culture fiPersonalitieso in an Ol
Oneaspectwor t h mentioning is that there is no érighto
is usually a desire to create a certain type of cultu

a Nuclear Power Plant would typically be found to be highly process and supervisor or leadership
driven (top middle or top right box in Figure 2) to achieve their goal of high reliability. In the opposite
context, a consulting firm consisting of equal partners would likely fall into the bottom left box in Figure
2, with individuals responsible for driving their own results and being highly dependent on the skills
and knowledge of individual partners.
One of the advantages of the PulseCheck Assessment Tool is that it can provide insights in how
the organization can drive a cultural change based on where the organization is currently located in
the culture Apersonalitydo matri x. Some parameters/ col
i per s on a luieR)ican Hedsuninfarized as follows [6]:
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1 Transition from Leader Initiative to Individual Initiative T Move to the left in the culture
ipersonalityo matri x
T Il ncrease |l eader shi po6s by g1) dogverihgi tben prescfiptivemass ofor i t vy
instructions (fAWhat do you t hi nk Dhasizngafeedbmeck t han A
from your team and (3) delegating authority (i.e., decision-making power) to competent
individuals at lower levels of the organization.
1  Shift accountability to lower levels of the organization: higher performance incentive weighting
at lower levels of the organization.
1 Promote activities where individuals have an active participation at different levels of the
organization 1 for example: (1) set at least once a year an innovation hackathon where
individuals at every level in the organization can make suggestions to improve, (2) always
promote a systematized team effort for root cause analysis when problems arise in the
organization, etc.
Key Attribute - Empowering individuals: Increase flexibility and responsibility for individuals to

make decisions on how and when they will achieve deliverables while holding them
accountable for the outcomes.

1 Transition from Individual Initiative to Leader Initiative T Move to the right in the

Apersonal ityo matri X

9 Shift leadership style to more directive: (1) increasing the prescripti\
wh at I sayo rather than AWhat do you think?0d), (
(e.g., field presence, etc.), and (3) consolidating decision making in your hands by lowering
delegation.

1 Move-up accountability: higher performance weighting incentive at the top of the organization.
9 Drive change activities at your own initiative in a top-down manner: (1) when problems arise
engage in resolution more promptly and (2) lead initiative for improvement and innovation
through gap analysis with strategies.
Key Attribute - Leadership Factory: Developing and deploying strong leaders at all levels

1 Transition from Individual Skills and Knowledge to Standard Processes i Move to the top
of the Apersonalitydo matri X
1 Drive standardization: (1) observe best shared unspoken processes/practices, (2) formalize
them into procedures and (3) assure their enforcement (e.g., as a company grows it could be
effective to select a single project management software for all the organization).
91 Increase discipline in following established rules for leaner operation
Key Attribute - Continuous improvement engine: Involving all employees in drive for
performance and excellence.

1 Transition from Standard Processes to Individual Skills and Knowledge - Move to the
bottom of the fipersonalityo matri x
1 Allow definition, by individuals or teams themselves, of the rules and standard by which they
collectively want to work by.
1 Increase flexibiltyi n t he application of whyoo deduwrud:f iadewnrtd yi
and understood to let the team drive the action plan. Provide appropriate training (knowledge
background) if necessary.
Key Attribute - Talent and knowledge core: Attracting and inspiring top talent to foster individual
excellence.

3. PulseCheck of the Nuclear Industry i A Test Case

In order to demonstrate the use and versatility of the PulseCheck tool, the survey (i.e., metric for
this study) was sent to the WNU Summer Institute 2019 Fellows. The main idea of this exercise was
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