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l. Keyno+e address - Engineers: responsib|e for the energy transition,

sustainable cleve|opmen+, and bui|ding the world back better and wiser

after Covid-19 - Gong Ke (China)

Gong Ke, WFEO President

| would like to welcome you all to this very important Symposium - very important
because Jroo|c1y's Jropic is a c|’10||enging one for adll engineers around the world. | will be

presenting my personal views on this fopic.

1.  Climate chcnge data

A recent IPCC report released in August 2021, Climate C/vonge 2021: The Pnysico/ Science
Basis, tracks the chonge in g|o|oo| surface temperatures as observed, due to (a) human
and natural factors, and (b) to natural factors on|y‘ The Firrn|y report demonstrates the
human impact on climate change, and UN Secretary-General, Anténio Guterres,
has called the report ‘a Code Red for numonier”.

According to the IPCC, the primary sources of greenhouse gas emissions in 2013 were
e|ec+rici+y and heat, which accounted for 31% of these emissions. That was followed by
agriculture (11%), transportation (15%), forestry (6%) and manufacturing (12%). Energy
proclucﬁon of all types accounts for opproximo’re|y 79% of emissions. By 2019,
the proportion of carbon emissions induced by electricity and heat production was still on
the increase, and was far beyond the track spechtied in the Paris Agreemenf

Another report by the Our World in Data organisation shows that the percentage of
energy—re|o’reo| greennouse gas emissions has increased to 73.9%. This warns us of the
urgency of the energy transition. Engineers are responsib|e for imp|emen+ing the energy

transition in order to snope a net zero-carbon world. That is what we mean when we

refer to "building back better and wiser from Covid-19".

On 24 Sepfember 2021, the United Nations convened a High—Leve| Dio|ogue on Energy.
In his opening remarks, Secretary-General Anténio Guterres stated that “without deep
and rapid decarbonisation of our energy systems over the next 10 years, we will never
reach the Paris AgreemenJr goo| of |imi+ing temperature to 1.5°C... This will be fatal to the
Sus’roinobthry Deve|opmen+ Goals, to us all, and the |o|oneJr. Science has shown us exocHy

how to avoid this. To limit temperature rise to 1.5°C, we must reduce emissions by 45%

below 2010 levels by 2030 and reach net zero emissions by 2050

2. SDG 7: Affordable and Clean Energy

The Susfoinobthry Deve|opmen’r Goal 7 - Affordable and Clean Energy - sets out
3 targets for 2030.

e Ensure universal access to aoffordable, reliable and modern energy services.
o Today, energy poverty is extensive, with 840 million people lacking access
to e|ec+rici+y, predominonﬂy in Sub-Saharan Africa. More than 3 billion



peop|e re|\/ing on po||u’ring solid fuels for cooking, causing opproximo+e|y
3.8 million premature deaths each year.
® |ncrease subs+0n+io||y the share of renewable energy in the g|obo| energy mix.
o Energy—re|o+ed greenhouse gas emissions reached an historical high of
331 gigatons in 2018. According to the IPCC, if these trends confinue,
renewables will need to supply 70-85% of electricity by 2050, compared
to on|y 12.4% Jroo|o1y. Under a business-as-usual scenario, that Figure is
expected to rise to only 22% in 2050. Therefore, decarbonisation of energy
sources would need to be Jrri|o|eo| to reach the target.
e Double the g|obo1| rate of improvement in energy eﬂficiency.
o Going forward, improvements in energy eﬁ(iciency will be  crucial.
The demand for energy is expected to increase by 25% in 2040 due to
rising incomes and a growing popu|o’rion. The increase could be significonﬂy

higher if no improvements are made to energy efficiency.

In the Global Sustainable Deve|opmen+ Report 2019, The Future is Now, a new model
for the integrated implementation of the SDGs is proposed. The model refers to six entry
points for transformation, inc|uc|ing "energy decarbonisation with universal access”.
The model also sets out four levers for action, inc|uo|ing “science and +echno|og\/".
The intersection between this entfry point and this lever for action is the area in which

engineers can p|oy a critical role.

3. /\chieving an energy revolution

We need to achieve a comprehensive energy transition - or energy revolution - tfowards
very efficient and cheoper renewable energy; SCﬂCe, relioble and efficient |ong—+erm sforoge;
scalable and economic carbon capture and storage (CCS) technology and negative
emissions Jrechno|ogies; smart, resilient and effective transmission, distribution and
operation; widely and clean electrification of end uses and efficient usages; and much

more. That means using all of the available tools to advance the transition.

The potential for progress is clear through a ropid scale-up of renewable energy. At the
same time, new and improved Jrechno|ogies are also needed, especio”y with respect to
smart grid management and flexible generation. Research and development should
support the necessary infrastructures for key Jrechno|ogies, inc|uc|ing for heo’ring and coo|ing
networks, charging stations for electric vehicles, and grids for distributed energy
generation. Power stations need to allow l’]igh penetration rates of renewables.
Digi+o| +echno|ogies should also be used to improve the eﬁ(iciency of distribution and
ovoi|obi|i+y of energy.

Another important aspect of this is gender equadlity. The Global Sustainable Development
Report states that the 2030 Agenda will fail if we allow people to be left behind. 90% of
the over 65 million peop|e worldwide who have been Forcib|y disp|oceo| from their homes
are |iving without access to e|ec’rrici+y. The gender dimension of the energy transition is

often overlooked, but it remains crucial to our future.



4. Conclusion

| will conclude with three key messages.

e The energy transition is imperative and of great urgency in sustaining both

humcmi’ry and the |o|c1ne’r.

Engineers are responsible for this comprehensive energy revolution, on both the

SUpp'y Oﬂd o|emcm0| sio|es.

The WFEQO unites dll engineers - men and women - to engage in the energy
revolution so that we can build a better and wiser world after Covid-19.



” |n+roc|uc+ory remqus - Jeon Eucles Moncomb|e (FI’GI’]CQ)

Jean Eudes Moncomble, Chair, WFEO Energy Committee
On behalf of the WFEO, | am pleased to welcome you all to this Symposium on the role

of engineers in the energy transition and Covid-19 crisis.

The Covid-19 pandemic has disrupted our economies and our lifestyles, even if the climate
or biodiversier emergencies are still with us. New health, economic, po|i+ico| and societdl
uncertainties complicate the fight against environmental damages and require more
eﬂficiency and realism, cooperation and so|idori+y. A little over a year ago, let's remember
that there were many debates on the energy transition: the stakes were mainly
environmental, with the FigH against climate chonge or the loss of biodiversi’ry at the top
of the list. The composition of the energy mix, the capacity of our societies to evolve
towards other modes of transport and the consequences of the emergence of digi+0|

technology were discussed, to name but o few of the debates that were very present in
the "world before".

And then the Covid-19 ponclemic struck, a shock of unprecederﬁed violence that surprises
us more and more each day by its power, its persistence and the extent, still poorly

estimated, of its consequences.

Nevertheless, our societies demonstrated strong resistance and resilience. At the forefront
of that resilience were the caregivers - those working in direct contact with the virus and
those providing indispensob|e |ogis’ric services, among which Figure many engineers. They
have allowed the economy to continue to function, and have ensured access to vital
services such as water and sanitation, waste treatment, energy, the food chain, internet
and communications, transport and so much more. We also have all those who are

mobilised to ensure continued access to information, education, culture, and assistance to

the o|isoo|vom+ogeo|.

How could we have faced this health crisis if, in addition, our power plants had stopped

Funcﬁoning or we l’]Od suﬂcered a shorJroge O]C 1CU6|?

The health crisis is far from over o|+|’10ugh itis s|owing down - perhops Jrem|oorori|y -in
some countries. For more than one year, our forces and resources have been focused on
fighﬁng the virus. However, our environmental cho”enges are still here and will become
even more crifical as the g|o|oo1| economy recovers. More than ever, the transitions we had
embarked on before the crisis are proving their importance in all their environmental and
social aspects. In addition, these cho”enges will have to be oddressed by a world
impoverished and exhausted by the health crisis. With greater reason then, the notions of
optimisation, resilience, and eﬁciciency will form the cornerstone of the system we must
rebuild - and that is the role of our engineers.

Has the Covid crisis modified, direcﬂy or Jrhrough its numerous consequences, our
perception of energy issues or of possible energy transitions? W hat will be the contribution

of the engineers in bui|o|ing our new energy |c1no|sco1|oe?



Our symposium will first focus on the feedback from this period: how resilient were the
energy systems to the Covid-19 crisis. Al o|ong the Covid-19 crisis, energy supp|y in all
countries and world regions has been ensured at any fime. Hence, on the one hand, the
pcmdemic has highhgh’red that the under|ying energy systems, Jrechno|ogies and transport
systems are substantially resilient, although this has required a proactive engagement from
energy utilities in this unpredic+ob|e context. On the other hand, the continuous and stable
energy supp|y has enabled the sanitary sector to work on its gargantuan effort, by
powering critical hospital infrastructures, as well as other crucial activities. How did this

hqppen and what has been concre’re|y been put in p|oce to manage the crisis situation?

The Covid-19 pondemic disruered our economies and |iFes’ry|es cmd, as previous|y soio|, the
climate emergency or the loss of biodiversity are still with us. But health risks and cyber
risks are examp|es of new threats to the resilience of energy systems. This should
encourage us to move towards a broader definition of energy system resilience, based on
a new undereronding of risks. Have these "new" risks been suﬁ(icienﬂy taken into account?
How are Jrhe\/ in+egr0+eo| into our H’]inking and how do Jrhe\/ modhfy our unders+onding of

the transitions we are experiencing?

The pondemic but also - and perhcps above all - the measures taken to combat it have
had undeniable and important immediate consequences. Momy peop|e are Wondering
about the susfoinobih’ry of chonges in energy demand: can we see, in the |onger term,
signs of strong disrup’rions? The Covid-19 crisis included new threats linked tfo its easy
transfer between humans and between materials and humans. This introduced social
constraints oﬁcecﬁng primcri|y either pub|ic transportation or scFeer requirements in
bui|o|ing oir—condiﬁoning and maintenance. It introduced new or reverse trends, that migh’r
influence our societies beyond the Covid crisis itself. Exomp|es are the preference for safer
transportation or the trends fowards decentralized greener and less dense habitats. The
reliance on internet-based channels but also on new |oco||y—|ooseo| shopping venues has
impoded the previous equihbrium, but does this mean that these chonges will remain ot
the end of the crisis or that e|os’rici+y phenomenc will loring back incumbent actors and
behaviours?

On the supply side, two major questions concerning the behaviour of citizens will
determine the paths of future transitions:

o Globadlization has been identified as porHy responsib|e for the current crises:
will we continue along the path of what some describe as unbridled globalization,
will we return to |hces+y|es refocused on the local, or will we find @ more balanced
path?

e Cooperation and solidarity are volues that have returned to the public debate:
once the crises are over, will we keep the memory of them in mind in order tfo
build our after pandemic world?

In conclusion, it is essential to develop sustainable, resilient and inclusive energy systems.
Reflections must be based on facts, rigorous and without preconceptions. To achieve these

objecﬁves, all energy options are possib|e, depending on national contexts.



Engineers have a role to |o|o1y in im(orming choices by odop’ring sstremic
approaches that put forward mature and immediately available technologies that
contribute significonﬂy to the FigH against climate chomge and biodiversier loss.

In the current context related to the Covid-19 pandemic, it is important o use
simp|e and transparent economic criteria such as, for exomp|e about climate,

the cost per ton of COg avoided.



[Il. Session 1 - Resilience of energy sys+ems to Covid-19 crisis: experience

feedback

. Covid-19 crisis: Engineering and engineers in Urugucy - Migue| Fierro (Uruguoy)

Miguel Fierro, Vice President, Uruguayan Engineering Association

On 13 March 2020, after the detection of the first case of Covid-19 infection in the cou ntry,
the Uruguayan government declared a sanitary emergency. On 18 March, a risk

management proJroco| was established for the operations of the state energy company,

UTE.

UTE: Uruguay's Energy Company

The National Administration of Electric Power Plants and Transmission (UTE) was created
by law on 21 October 1912. It is the or1|y energy company in the country, serving 99% of
the population today and 100% of the population within the next 10 years. Its autonomy

is determined by constitutional normes.

Recent deve|opmen’rs in the electrical energy mix mean that 98% of Uruguay's energy
supply is generated by renewable sources, and we are the second-largest producer of
clean energy in the world. The company has hydroelectric, wind and photovoltaic power
p|cm+s. It has 1.4 million users in Uruguoy, and also exports energy to neighbouring
countries such as Argentina (through the Salto Grande hydroelectric power plant) and
Brazil (Jrhrough converter stations located in Rivera and Melo). This s’rrengfhens the
Uruguayan power grid and provides it with greater flexibility.

Covid-19: feedback on experience

The Covid-19 contingency proJroco| was imp|emen+ed for both administrative tasks and
field work. For administrative tasks, remote working was introduced in all offices in order
to reduce the risk of infection. For field work, permanent teams were defined for operative
tasks, with Wee|<|y rotations ensuring that the teams remained isolated from each other.
In storage facilities, mixed measures were introduced to cover both administrative and
operational tasks. A similar procedure was set up for the generator and transmission
deporfmenfs‘ In addition, restrictions were imposed on customer services: schedules were
reduced, and an advertising campaign promoted the use of remote communication tools
by customers, for example, WhatsApp, mobile apps, and SMS. Electric meter readings
were on|y carried out in customer homes where this could be done without human contact.
Only priority activities were carried out by the technical commercial teams, for example

new customer connections or power increases.

These measures led to a 50% reduction in the o|oi|y workforce. Nevertheless, the e|ec’rrici+y

service and distribution network were not impoded

The situation today
The preventive measures were modified several fimes due to clﬁonges in the counJrry‘s

sanitary situation, with a number of different decrees issued by the President and



Secretary of Health. After almost 18 months, the company has adapted to its new work

modalities without any impact on the service provided to its customers.

Conclusion
Uruguay has approximately 5,500 engineers in activity today, compared to an overall
popu|o+ion of 3.5 million. Over 1,300 engineers work at UTE, and 1,050 engineers are

members of our Engineers Association, the AlU.

2. Covid-19 and Sub-Saharan Africa - Abubakar Sambo (Nigerio)

Abubakar Sambo, Chairman of the Nigerian National Committee of the World Energy

Council, Professor at Usmanu Danfodiyo University

Covid-19 and Sub-Saharan Africa

Sub-Saharan Africa has been severe|y nego’rive|\/ impoded by the Covid-19 lockdowns
for a number of reasons. The economies in the region that were o|reoo|y weak were
pushed info recession by the crisis, and many peop|e almost starved to death as the
lockdowns o|epriveo| them of their o|oi|\/ incomes. The 30% of nations that re|y on income
from oil and gas, inc|uo|ing Nigerio, were the most nego’rive|y impoc’red.

Most Sub-Saharan African nations have since come up with economic recovery and
grow’rh p|cms that are based on signhciconﬂy errengHﬁening their power sectors, in line with
the need for an energy transition based on SDG 7 (clean energy) and SDG 13 (climate
chonge). The p|oms will involve the promotion of OgricuHure and ogro—o||ieo| industries,
the setting up of mines and mineral processing |o|chrs, the creation of monufoduring
industries, and signh(icomﬂy improving fourist sites.

This points fo the critical role that will be p|0yed by engineers in the erreng’rhening of
African e|ec+rici+y supp|y, and in cleve|oping modern Qgricu|’ruro| practices, mining,
monufoduring, and fourist sites.

Access to energy in Africa

Africa suffers from the greatest levels of energy poverty in the world, with 680 million
Africans |iving without access to e|ec+rici’ry. According to the IEA, average e|ec’rrici+y
consumption per capita in the world Jrocloy amounts to 2,600 kW h, compored to on|y

500 kWh for Sub-Scharan Africa. The world average for access to electricity is 87%,
compared to only 43% for Sub-Saharan Africa.

Nevertheless, a number of countries are getting it right. For example, Mauritius and
Tunisia have 100% access to e|ec+rici+y, Gabon has 92% access, and Kenya and Ghana
have 85% access. However, the majority of Sub-Saharan Africa remains very poor,

and Nigerio for exomp|e has on|y 692% access to e|ec+rici+y.

Porodoxico”y, while energy dccess is poor in Africa, it has signh(icom’r po+en+io| in ferms of
renewable resources and the world's highes’r poJrenJrio| in phoJrovoHoic power. In this
context, the five major issues faced by Sub-Saharan Africa are: (a) inadequate energy
infrastructures, (b) inodequo’re human and monufoduring capacities, (c) shorJroge of

investment funds for energy development, (d) inadequacy of appropriate national energy



pO'S, p|OﬂS, |OWS Oﬂd regu|o+ory Fromeworks, Oﬂd (e) a |OC1< OF gOOd governance ond

mutual confidence among African nations.

However, Africa also benefits from a number of opportunities. The huge population of
over 1 billion represents an enormous market for energy developers. Demand for energy
will continue to rise due to the demand for improved energy services. This would require
signh(iconJr financial investments in energy infrastructures, providing many opportunities
for businesses working in the energy sector. Finally, many opportunities exist for national

and regiono1| cooperoﬁon.

Tl’\e way 'FOI’WOI’d 'FOI’ Sub-Saharan IA\'FI’iCG

In order to promote meaningful socioeconomic growth, Sub-Saharan African nations:

e Need fo produce comprehensive, scenario-based energy demand projections using
modern energy modelling tools.

e The tools should be used on the major economic sectors to project short-, medium-
and long-term horizons. An example of this is the 2050 Pathway Calculator used
by Nigeria's Energy Commission to determine the energy demands of country up
to 2050.

e Itis also necessary to cleve|op a comprehensive energy supp|y strategy based on
the UN Sustainable Energy for All Initiative, and to support trans-border projects
as promoJred by the African Union Commission under the NEPAD (New
Par’merships for African Deve|opmen’r).

e Regional energy projects should be supported, for example, ECOWAS, ECCAS,
EAC, SADC and AMU.

e Reports of the World Energy Council such as Issues Monitor and Energy Leaders
Summits should be relied upon.

e Elements of the |n’regro+ec| Resource Plans (IRPs) should be embraced. These
roadmaps can be used by large utilities to plan for their acquisition of power
generation over the coming years and decades. They allow ufilities to assess the
cost effectiveness of supp|\/ options, and promote enhanced transparency. A good
IRP should be prepared by a very wide range of stakeholders in the Sub-Saharan

African countries.

The next step for Sub-Saharan African nations is for them to oo|oer the Global Energy
Transition. The IEA has produced a roadmap to net zero carbon emissions by 2050,
and this should be Wio|e|y occeered during the upcoming COP26 conference.

We know that the combustion of fossil fuels is the principo| cause of g|obo| warming
which will lead to floods, drougHs, disrupﬁon of ogricu|+uro| produc’rion and a scarcity of
drinking water. The African Union in 2013 ogreed that climate chonge was also an African
pro|o|em and it subsequenﬂy oo|oereo| Agendo 2063 mondo’ring Member States to
produce their noﬁono”y determined contributions (NDCs) for oboﬁng climate chonge.
The NDCs focus subs+0n+io||y on renewable energy for electrification and the use of electric

vehicles in the entire transportation value chain.



The African Business edition of September 2020 highlighted the fact that there is a very
visible increase in the uptake of renewable energy projects in Africa. Nevertheless, this
could be further improved, notably by adopting the South African auction-based
renewable energy financing referred to as Renewable Energgy Independent Power
Procurement Programme (REIPPP) which will enhance good governance and

transparency in African project development.

With respect to the role of gas, it should be noted that Nigeria has the largest oil reserves
in Africa. It has a clear po|icy on the continued use of gas, which has a 50% lower carbon
footprint than that of coal. The Nigerian government has therefore declared that 2021-
2030 will be the decade of gas. It has also just enacted the Petroleum Industry Act which
is aimed at bringing greater benefits to Nigerian citizens from the sector. A recent policy
declaration refers to maximising the domestic use of gas to power the economy. At the
same time, the government is taking a proactive position on carbon reduction, driving a
massive uptake in renewable investments and facilitating regulatory reforms. Nigeria has

introduced signh(icchr fines for those companies that continue to flare gas.

The 13 other Sub-Saharan African nations that are well endowed with oil and gas are
expected to take positions that are similar to those of Nigeria.

E|ec+rici+y Generation Expansion Plan (EGEP)

The Nigerian chop+er of the World Energy Cou ncil recenHy issued an E|ec’rrici+y
Generation Expansion Plan (EGEP) as a poﬂwwoy for the country's e|ec+rici+y supp|y
industry to meet its demand projections to 2050. It will not be possible to stop the use of
coal and gas comp|e’re|y but, by 2050, renewable energy will make up opproximo+e|y
85% of power supply. We are therefore in favour of projects like the 5SO0MW solar plant
commissioned by Togo in June 2021 or the 3IOMW wind energy project commissioned
by Kenya in July 2019.

The role of engineers

The pos’r—Covid—]Q economic recovery and grow’rh p|cms of Sub-Saharan Africa will on|y
come to fruition if engineers are fu”y involved in all the relevant steps. Engineers are
needed to design e|ec’rrici+y power |o|on’rs and o|eve|op imp|emen+o’rion roodmops.
Engineers will work with other specialists to design CCS plants and plant forests to act as
carbon sinks. Engineers will be needed to design and construct modern agricultural projects
and ogro—o||ieo| industries. They will need to p|on, design, and opero’re mines and mineral
processing p|om+s. Engineers will build and equip African tourist sites with round-the-clock
e|ec+rici+y, water and internet services. Fino”y, engineers will head the monufoduring

|o|on+s for the proo|uc’rion of vaccines, persono| protective equipment, and related items.
The role of engineers is crucial for Sub-Saharan Africa in the post-pandemic age.

Conclusion

| will conclude with a number of key messages.

The Covid-19 pondemic has l’]igHigHed the need for Sub-Saharan African nations to take
serious measures to o|eve|op their economies so that future pondemics will not drive their

economies into recession and lead to the near starvation of their popu|o+ions.
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A first priority is for nations to significantly expand their access to electricity in line with

g|obo| energy transition trends and in line with the SDGs and NDCs.

The unstoppable global energy transition will lead to a gradual decline in demand for il
and gas. As such, the Sub-Saharan African nations whose income |o1rge|y depends on ol
and gas will have to tap into other income sources such as agriculture, mining,

manufactu ring and fourism.

Engineers will |o|c1\/ a pivo’ro| role in both sfrengﬂ’mening the energy sectors and tapping
info other sources of revenue, all of which is necessary for the better management of

future pondemics.

3. Panel Discussion

Jean Eudes Moncomble

You referred to a number of Covid-19 contingency pro’roco|s. What were the main
cho”enges you faced in imp|emen’ring those pro+oco|s?

Migue| Fierro

We faced a number of cho”enges in imp|emen+ing the pro’roco|s. First, when the
emergency was declared, people rushed to buy face masks, gloves and sanitiser, leading
to shortages. It was therefore difficult for UTE to buy the necessary stocks of these
protective items for its 5,900 emp|oyees and almost 3,000 sub-contractors.

Second, we had to come to an agreement with trade unions on how to imp|emen+ the
pro’roco|s‘ There was some uncertainty around the world as to how the virus was
spreading, and workers were therefore understandably afraid of being infected, especially

those involved in visits to customer sites.

Third, when it came to remote working, not all emp|oyees had access to a computer or
internet connections in the home. It took almost one month fo get everyone connected to

the company network.

Nevertheless, despi+e these cho”enges, we were able fo continue working without any

impact on customer services.

Manta Nowbuth

Renewable energy represents 98% oFenergy sources in Uruguoy, an encouraging exomp|e
for everyone here. How did you address the question of connec’rivi’ry? Is the entire

popu|o+ion on the same grid?

Miguel Fierro
Uruguay has only one electricity company, the UTE, which achieved connectivity for the

enfire country. Uruguoy is a small counftry, with almost half of our customers located in

the capital, Montevideo.
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Gong Ke

First, what is the percentage of renewable sources such as hydro, thermal, solar, wind
and biomass in your energy mix? Second, no mention was made of nuclear energy. s this

being considered in your countries?

Abubakar Sambo

Renewables represent opproxim0+e|y 30% of our energy mix Jrodoy, with the aim of
reaching 85% by 2050. Nigeria has no nuclear power plants for electricity generation,
currenﬂy. However, the Nigerian government now has a nuclear power programme in

place, and nuclear energy is expected to contribute 10% of the energy mix by 2050.

Migue| Fierro

In terms of the energy mix, Uruguay does not have its own gas reserves; it imports gas
from Argentina and Bolivia. It has one gos—fired |o|chr but it is in fact fuelled by oil.
Renewables currenﬂy represent 98% of the energy mix, and thermadl p|on+s are on|y used
when renewable supp|y o|r0|os below demand. Uruguay does not have any coal-fired
|o|oers. With respect fo nuclear energy, this is spech(icot”y prohibi’red by law in Uruguoy.
The country has only 1.4 million customers and it would not be possible to build a nuclear

|o|oer for such a small customer base.

Gong Ke
What is the situation in Uruguay with respect fo electricity storage?

Migue| Fierro

Several private companies are Working on bui|o|ing energy sforage |o|oers that can be
used fo store surplus energy. In addition, work is underway to try to use that surplus
energy fo procluce green hydrogen.

Jorge Spi+a|ni|<

What is Nigeria doing to develop the petrochemical and gas chemicals industries in order

to expond the use of fossil resources rather than simp|y burning them?

Abubakar Sambo

Gas flaring is now subject to very heavy fines in Nigeria, and many oil companies are
trying to capture the gas for two purposes: (a) for the West African gas pipe|ine that will
deliver gas to Benin, Togo, Ghana and Senegal, and (b) for electricity generation. In
addition, the government is fransporting gas from the Niger delta to central and northern
parts Nigeria and it is called the Abuja, Kaduna Kano Gas Pipeline Project, forming the
first segment of the much talked about North African Gas Pipeline Project that could,
in line with the ’rhinking of the African Union, send gas to Niger, A|gerio and even to
Europe. We are also urging the government to expand the use of oil and gas in the

peJrrochemicoL phormoceuﬁcd and fertiliser sectors.
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Fyne Ogolo

When the security situation improves in Nigeria, would you recommend the creation of
solar and wind farms in northern Nigerio as a way of significonﬂy increasing the

percentage of renewable energy in the country’s energy mix?

Abubakar Sambo

Nigerio has many securier prob|ems, inc|uding Boko Haram, boncliJrry and what is referred
to as ‘unknown gunmen’. The government has taken measures recently to crush these
criminal elements and this has o|reco|y started showing positive results. [t is believed that
the Nigerian security problems will subside significantly in the next year or two and many

energy practitioners are pushing on with our energy transition p|ons.

Liu Chang

W hat solutions are in p|oce to ensure a secure e|ec’rrici+y supp|\/ to computer servers and

data centres?

Miguel Fierro

Uruguay has one major data centre in Pando. It is a new centre with a very secure energy
supp|y, backed up by fuel generators that can be used in case of blackouts. We advise
customers operating in isolated areas to install a UPS (uninterruptible power system) to
guarantee their e|ec+rici+y supp|\/. Uruguay is a small country with very secure energy
distribution and service network. Two yedrs ago, we had a major blackout due to an issue
in Argenﬁno, which lasted 3-4 hours in more than half of the country. However,
we rapidly had the system up and running again.

Abubakar Sambo

All the major ICT facilities in Nigeria have their own unin+errup+ib|e power systems and
many of them are ins+o||ing off—grid solar power |o|cm+s both of which make their data

well pro’reded.

AbuBakr Bahaj

All the fossil fuels should be left in the ground unless Jrhey contribute to the transition to
net zero in order fo achieve the 1.5°C target. Should engineers advise this and proo|uce
alternative p|oms based on Africa’s p|en+hcu| renewable resources?

Abuboqu Sdmbo

Nigerio‘s economy is heovi|y dependerﬁr on oil and gas which provides 90% of its foreign
exchange income. The Government's position on energy transition is fo use more gas along
with renewable energy and it is oHending COP26 to s’rrong|y seek for a “Just Transition”
to enable the country to go ahead with its po|icy. Energy practitioners are odvising the
Government that while it is exponding the use of gas there will be need to 00|op+ the
circular carbon economy to manage the carbon from the new gas projects in addition to

the o|eve|opmen+ of Foreerry p|on+o+ions that are known to be effective carbon sinks.
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V. Session 2 - A |qrger definition for resilience: a new unders+onding of

risks

1. A systems cpprocch to infrastructure de|ivery - Andrew McNoughi‘on (United
Kingdom)

Andrew McNaugI‘\’ron, Review Chair, Institution of Civil Engineers
| will be discussing the issues surrou nding the de|ivery of comp|ex infrastructure projects.

Infrastructure projects provide a service to the community and society. They increasingly
involve an intervention info an existing, operating network with the aim of improving
either the user experience or the efficacy of the network. That is the case whether we are

Jro”dng about networks in power, transportation, healthcare, communications, and so on.

International studies into infrastructure show that 70% of major or mega-projects actually
o|isc1|o|ooir1+ their owners either in terms of time, cost or performonce in the outcome. All of

that impacts on the business case that was initially agreed upon.

|ICE Report: A Systems Approoch to Infrastructure De|ivery

In early 2020, the UK's Institution of Civil Engineers (ICE) embarked on a study into the
issue of the lack of performcmce, and the possib|e improvements that could be made.
The s’ruo|y, A Sysfems Approorch to Infrastructure De/ivery, is available on the ICE
website. We not only looked at the portfolio of infrastructure projects, but we also started
from the hypothesis of the nature of infrastructure projects in the future. That hypothesis
was divided into three parts. First, infrastructure as a whole is beginning to become more
and more dependerﬁr on Jrecl'mo|ogy‘ Second, if we eﬁfecﬁve|y opp|y sys’rems—fhmking to
infrastructure, that will make a real difference to the o|e|ivery of projects in operation.
Third, there are lessons to be learnt from other industries.

The study came out in support of all three of those assumptions, particularly with the
Finding that Jrecl'mo|ogy is becoming ereodi|y more prevo|en+ and dominant in

infrastructure.

W hen we look at the new infrastructure being cleve|opec|, we are bui|o|ing in resilience to
future issues such as climate chonge and carbon reduction. However, almost 90% of the
world’s existing infrastructure has been in |o|c1ce for years, if not decades. It is therefore
necessary to consider the interventions that are necessary to make that infrastructure as

resilient as new infrastructure.

|ncreosing|y, infrastructure projects are based on upgrodes using new or emerging
Jrechno|ogies, and involve very little of no civil engineering or structu ral engineering activity.
A|+erno+ive|y, Jrhey are based on an evolution in the |i1(ecyc|e of +echno|ogy that has been
put into operation. We therefore need to think very differenﬂy about how we imp|emen+
such projects, where technology represents the primary interventions being made.
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8 guiding princip|es

The study came up with 8 overall principles to guide such interventions.

Think outcomes not edifices. We need to be more and more focused on the

outcome of the infrastructure rather than just building the structure itself. We have
to bear in mind the outcome that is expeded, as articulated by our clients or asset
owners. As decisions are made throughout the life of the project, they must be
referred all the way back to the initial |o|ormed outcome. We have to ensure that
a decision either o|igns with the outcome or that the chcmge is made in a deliberate
manner and proper|y recorded.

Close the |<now|ec]ge gap with other industries. There are cerJroin|y ways in which

we can learn from other industries. We concluded that we should look to close the
gap of knowledge between other industries and bring those lessons learnt into
infrastructure. Industries like aerospace and defence have for some time been
further ahead in applying a systems approach.

Owners must own projects. There are certain things that only a client or an asset

owner can do, and Jrhey must give clear direction on the project. For exomp|e, we
have to understand their appetite for new technology and how it plays a part in
the o|eve|opmen+ of the project. We also have to remember that there are different
time constants in the development of a project: we normally focus most of our
time on the civil engineering element, as opposed to the +echno|og\/ pieces, but
these all need to come Jrogeﬂwer at the same time.

Future-proof projectss We need to have a much stronger focus on the

imp|emen+o+ion of systems engineering. SJrorJring again with the outcome and
working backwards +|'1roug|'1 the project, this means that from the outset we can
organise the project to be delivered in the right way. This applies not only in ferms
of procurement models and incentivisation for each party but also to the interaction
and inferface definition between the various parties. The obi|i+y to understand and
manage the risks associated with those parties is crucial. In opp|ymg systems
Jrhinking, we need to fu”y appreciatfe the risks in terms of produc+ivi+y, not on|y the
civil engineering risks but increosing|y those associated with emerging Jrec|’mo|ogies‘
Despi+e infrastructure programmes spanning many years, we have to Fu||y
understand the R&D cyc|e for the Jrechno|ogies chosen to support the outcome,
the interfaces between those different technologies, and the degree of pre-
condiﬁoning testing required for the whole system to function correcHy‘

Think shovel worH‘\y, not shovel ready. Being “shovel reocly” is a phrose that is

often used in infrastructure fo refer to the moment when the project can be
commenced. However, we preFer the concept of the “shovel WorJrhy” which means
that a project can commence once all of the elements that | have described come
JrogeJrher. There has to be enough front-end engineering, front-end |ooo|ing, or left-
shift thinking in preparation for the project. And that has to be done in sufficient
time before we commence projects on-site. That will ensure that the project
outcomes are maintained and we can deliver on the customer's requirements.

Bake in systems thinking. When we consider systems thinking, we also have to

focus on systems infegration which is rore|y considered in sufficient detail in

infrastructure projects. We need to think about the commissioning of comp|ex
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technology-dependent projects. The UK's Infrastructure and Projects Authority
developed a route map in 2014 for major projects - a best practice guide for
project initiation and delivery that now includes reference to systems integration.
Systems integration processes help us fo identify and effectively manage the
interfaces between elements of the system. Focusing on systems integration will
identify elements that require adequate modelling and testing.

o Agile |ec:c|ership. Leqdersl'\ip is crucial in the de|iver\/ of any project, porﬁcu|or|y

complex ones. In terms of infrastructure, we still lead projects in the civil engineering
domain in the way that we have done for decades and it is now time to think
differently. In particular, we need to recognise the leadership capabilities and skills
in the project management team, so that the entire team is able fo understand the
different technologies to be implemented. The leadership must also give sufficient
“voice” to the various aspects of the projects at the rithr point in fime of
development. We also need to think about future leadership models. Do we have
a single leader all the way through the life of the project or multiple leaders with
baton changes at certain points in the project?

e Data oils your project. Once again, client or asset owners need to own the data

architecture and requirements. With the ever-increasing ovoi|obi|i+y of data to
improve the effectiveness and eﬁficiency of operations and maintenance, owners
need to set out the key elements required. |o|eo||y, Jrhey should define the common
data requirements to be used throughout the life of the project, from delivery to
operations. We therefore came up with the concept of the "go|o|en |oop”. If an
infrastructure project is an intervention into an operating system, then the data
requirements flow out of the existing operating system info the project and then
flow back into the ougmerﬁed operating system. In that way, improvements fo

the network can be delivered and the desired outcome is realised |oy the owner.

Future work

Going forword, we are conﬁnuing to work on 3 spech(ic areas. First of o||, we dre organising
a series of briefings to industry leaders across the UK and elsewhere in the world, thereby
creating forum in which to share know|eo|ge about the concept of system Jrhimking.
In addition, we are exploring the question of leadership competencies for complex projects.
Fino”y, we are p|orming a Fo”ow—up report later this year that will present case studies

on por+icu|0r projects that should bring these princip|es to life.

Conclusion

|rrespec+ive of the short-term issues we face Jroo|ouy in a poer-pondemic world,
infrastructure is c|eor|y an enabler of economic groerh and mobi|i+y. That is the case all
around the world. Our choice of infrastructure o|e|ivery must recognise and support the
sus+oinobi|i+y goo|s that have been set at the g|o|:>o| and national levels. The mission of the
ICE is to harness the powers of nature for the use and convenience of humonier - that

assumes an enduring |o|cme+ that is homessing nature, not desfroying it.

The technology used in infrastructure is advancing at speed. Projects are more complex
+odoy, with the physico| infrastructure representing on|y one element in a system of

systems. Monoging all that requires a systems opprooch that considers all the elements of
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a project and their interfaces. Throughout the life of infrastructure, technology will continue
to o|e\/e|op, and it is necessary to corefu”y p|cm for the imp|emen’r0+ion of those

technological changes.

For exomp|e, the physiccﬂ infrastructure of the UK's rail transportation network was built
in the 1830s. It has continued to be used since that time largely as it was built. However,
the Jrechno|ogy has chcmged many times in the past 200 years. Leodership, the skills of
project leaders and the culture of project organisations must evolve, recognising the role
of technology in these projects. | therefore believe that the individuals and companies that
embrace the concept of systems thinking for infrastructure projects will enjoy massive
opportunities in the future.

2. Mcpping the spo+ia| vu|nerabi|i+y of the e|der|y to a health pandemic - Manta Devi
Nowbuth (Mauritius)

Manta Devi Nowbuth, Head, Civil Engineering Department, University of Mauritius

In my presentation, I will be cho”enging the engineering community to o|eve|0|o more
resilient cities. Worldwide casualties due to Covid-19 show that the e|o|er|y were the most
at risk of the disease. We therefore undertook a s+u<3|y to understand how the pondemic
aoffected the doy—Jro—de lives of one of the most vulnerable groups in our society.

Social vu|nerc|bi|i+y mapping

The study aimed to capture the challenges faced by the elderly during the Covid-19
pondemic, in order to be better prepare for any future ponclemics. Field surveys were
conducted with the e|o|er|y, and vu|nerobi|i’ry indicators were extracted from census data.
That allowed us to o|eve|op vu|neroloi|i+y maps af the district, ward and vi||oge level in

Mauritius.

Four main health risk factors were identified: age, gencler, co—morbiclify, and immune
system response. These factors placed the elderly in the category of most at risk to the
pondemic. The three main risk reduction strategies imp|emen+ed in most countries included
full or por+io| lockdowns, vaccination programmes, and investments in the health sector.
In addition, social vu|nero|oi|i’ry maps, which he|p support risk reduction strategies, and are

to be encouraged.

Field surveys were carried out in 2 different vi||oges: Chemin Grenier (o middle-sized
vi||oge in south Mauritius with 940 e|der|y in a total popu|o’rion of 12,223), and Reduit (a
small village in central Mauritius with 831 elderly in a total population of 8,846).

23 questions (or indicators) were used to assess the coping capacity of the e|o|er|y, focused
on access to basic needs, |iving conditions, health conditions, mobi|i’ry, support facilities,
and communication facilities. For the most vulnerable group, the e|o|er|y, access to all of

these indicators is very important in ensuring safe |ivmg conditions.

Key Findings
The key Findings of the su rvey included the fact that certain indicators reflected a low level
of vu|nerobi|i+y: hoving children, hoving access fo running water and e|ec+rici+y, hoving
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access fo telephones and internet, having social support. Other indicators reflected a higher
level of vu|nerobi|i’ry: education levels, comorbidi’ry, access to basic food, poor housing
conditions. Overall, 44% of those surveyed said that they found it difficult to cope with
the pandemic.

The field survey data was further analysed using geospatial and a multivariate analysis.
The vu|ner0bi|i’ry indicators were grouped intfo 4 categories: |iving conditions, access fo
basic facilities, mobi|i+y, and economic conditions. Those four factors were translated to the
secondory data of the 2011 census. A total of 14 indicators were extracted from the census
data, and they were weighted and combined. The highly vulnerable areas identified in
the eruo|y were found fo be spreod Jrhroughouf the cou ntry.

A comparative eruo|y showed that o|+hough there may be sufficient facilities at the district
level, not everyone atf the community level had access to those facilities.

The c|'1c|||enge for the engineering communH’y

The s+udy raised a number of questions for the engineering community.

e s the current o|eve|opmen’r model of cities oclclressing the needs of the e|o|er|y, the
needs of ageing societies, and the needs of other vulnerable groups?

e Are the relevant authorities able to rapidly locate vulnerable groups in order to
provide supporJr?

e Is the healthcare system oo|c1|oJreo| to reoching those with limited mobi|i+y?

e  What have we learnt from the full lockdowns that were imp|emen’red during the

pondemic?

The s’rudy higHigHed the need to re-engineer support systems in cities. More [T and
connectivity are required in order to build more resilient systems. Businesses that address
the needs of the most vulnerable groups in society should review the way they are
operating. Healthcare systems have to reinvent themselves in order to reach out to
vulnerable groups. The transport system has to be adapted to facilitate access for those
with reduced mobi|i’ry. The most vulnerable groups should be at the core of city design‘
Our societies will become more and more energy infensive in the future, requiring R&D

investments to be focused on the cleve|opmen+ of renewable energy.

Conclusion

| will conclude with 4 key messages.

e Fora country to flourish, no one should be left behind.

e Many countries have ageing popu|o+ions and we need to be more prepored and
roll out a different o|eve|opmen+ model.

e We need more efficient systems to reduce additional stress on limited resources.

e Climate chonge impacts must be mainstreamed in order to deve|op resilient

infrastructures for the welfare of all, in particular for vulnerable groups.
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3. Panel Discussion

Gong Ke

During the epidemic in Ching, smor’rphones were used to track infections but the e|der|y
did not have smartphones or were not able to use the relevant apps. What percentage
of e|o|er|y peop|e in the Mauritius survey had access to the internet?

Jean Eudes Moncomble

A similar issue arose in France during the vaccination campaigns where peop|e could
make appointments online. In some parts of France, there was a lower rate of vaccination

due fo people’s lack of access to the internet.

Manta Devi Nowbuth

67% of all those surveyed in our s’rudy had internet access. However, while this means
that their |oui|o|ing has internet connectivity, Jrhey are not necessori|\/ the ones using it - it
may be that their children are accessing internet.

Jean Eudes Moncomble

You have proposeo| a systems opprooch to infrastructure c|e|ivery. ls that opp|icob|e to all
types of infrastructure?

Andrew McNaughton

Sys’rems Jrhinking is indeed opp|icob|e to all types of infrastructure and even to all parts of
our societies. All infrastructures can be broken down into a series of interconnected

elements, and the risks often lie at the interfaces between those elements.

Jean Eudes Moncomble

What are the greatest concerns of the e|der|y, and how can the engineering community

C]CICI ress H’]OS@ COHC@FI’]S?

Manta Devi Nowbuth

One of the greatest concerns for the elderly is access to healthcare facilities. W hen
oHending such facilities, the e|o|er|y face the risk of bemg contaminated. That is Why it is
so important that the healthcare system is able to reach out to the e|o|er|y during difficult
situations, allowing them to access their medications and the support they need. That is
also Why the engineering community has to rethink the way it designs cities, p|ocing e|o|er|y
and vulnerable groups at the centre of the system.

Jean Eudes Moncomble

Would you provio|e some exomp|es of how IT and other Jrechno|ogies can be in’regroJred
into the design of cities?
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Manta Devi Nowbuth

Smart cities moke much use of the infernet of things. They recognise the importance of
being able to reoo|i|\/ access information Jrhrough connectivity between transport systems,
communication systems, health systems, and so on. That can be done when retrofitting

our existing cities - it is not a |u><ur\/ but a necessity.

Question from the audience

What can the engineering community do to ensure that the elderly can access the

healthcare services Jrhey need without the risk of contfamination?

Manta Devi Nowbuth

Mauritius has a vaccination programme that involves healthcare workers going house-to-
house to vaccinate peop|e. The fact that there is a risk of contamination means that
communications should be facilitated, both from the healthcare centre and from the
community more genero”y. Vulnerable peop|e should have access to direct and interactive
communications with the healthcare system.

Gong Ke

To what extent have digi+o| Jrechno|ogies like big data, the internet of Jrhings, or arfificial
intelligence been used to improve the UK's energy infrastructure?

Andrew McNaugh’ron

The UK is still in the eor|y o|o1ys of being able to transform existing data into inJreHigenJr
decision-making. That is the case in all sectors of infrastructure. There is therefore a move
in the UK to transform the |orge amounts of available data into proper management
information, predicﬁve maintenance, and so on. The role of the engineering community is
to he||o asset owners understand the tools Jrhey need to do this.

Jecn E udes MoncomHe

How will leadership models need to change within the systems approach? Does that apply
throughout the entire supply chain?

Andrew McNaughton

We are still |eoding infrastructure projects in a very traditional manner. The skill sets that
allow individuals to have an undersfonding of comp|e><i+y and of how systems operate
can be found in many different domains and not on|\/ in civil engineering. We often look
to asset owners for that |eoo|ership. However, the |eoo|ershi|o model has to pass Jrhrouglﬁ
the entire supply chain - everyone has to understand how complex the environment is.
Thot is particularly the case when we are concerned with emerging technologies. We will

therefore see a new |eoo|ershi|o model emerging in the future.

Question from the audience

Should our engineers receive an education in much wider domains?
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Manta Devi Nowbuth

We are talking about multidisciplinary groups today, and having both a vertical and
horizontal education. Without mu|+io|iscip|inory training we will not be able to reach our

goals.

Andrew McNaughton

We have to plan for the future in order to deliver the projects that we need.

Jean Eudes Moncomble

It is, of course, important to take a holistic approach to these issues. However, given the
comp|exi+y of the world ’rodoy, we cannot expect that our engineers will be able to dedl

with every sing|e aspect of a prob|em.
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V. Session 3 - Energy demand: evolution or disrup’rion?

.  Effects of Covid-19 on mobi|i+y: causes and solutions - Vincenzo Antonucci (|+o|y)

Vincenzo Antonucci, Research Manager, National Research Council of Italy, Institute of

Advanced Technologies for Energy

Covid-19 chonged our lives, our habits, the world of work and the mobi|i+y sector. SJrorJring
from March 2020, we saw the closing of gyms, swimming pools, museums, cinemas,
exhibitions, schools, universities, ﬂigh’rs and genero| travel. We also saw an interruption of
production activities in the world, which had a significant effect on energy, as did the

lockdowns that were evenfuo”y put in |o|o1ce by most countries.

The impact on the energy sector in |’rc1|y was an 8% reduction on the consumption of
carbon-sourced energy, a 5% reduction in oil, a 2% reduction in gas, and a significant
increase in the use of renewables. At the g|obo| level, there was a 10% reduction in

demand for electricity, the greatest reduction since World War Il. Even during the 2009

economic crisis, demand went down by on|y 6%.

\)\/hy did the consumpﬁon of renewables increase in this scenario? Fossil fuels suffer more
from the reduction in demand because of their low eﬁ(iciency: if Jrhey are not Working at
100% of their capacity, p|on+s will be closed down in some cases. In that context, the move
fowards renewables as the principo| source of energy addresses the issues of copobih’ry,

F|exibi|i+y, and resilience in e|ec’rrici+y networks as compored to traditional fuels.

|mpoc+ of Covid-19 on the mobi|i’ry sector
The effects on the mobi|i+y sector were even more signhciconf, with the consumption of
automotive fuels (petrol and diesel) reduced by approximately 18%. There was also a

signh’:iconf reduction in road accidents.

There was a drastic reduction in the use of pub|ic transport cluring the pondemic, with a
drop of opproximo+e|\/ 25%. In poro||e|, there was a major increase in individual transport,
and also increased use of bicyc|es, mo+orcyc|es and on-foot travel. 60% more bicyc|es were
purchased in Moy 2020 than in Moy 2019, and |’ro|y saw the introduction of 200 km of
‘light” cycle paths in 2020. This also had benefits in terms of consumer spending and

health, a reduction in po||u’rion and a reduction in traffic.

The pondemic also had a positive effect on |oo||quior1, with drastic reductions in NOg and
COg emissions in Italy and at the global level.

The recovery phase

The recovery phose has now begun in most economies, with a pl'losing out of remote
working and a return to o|oi|y commuting. F|ig|’1+s and trains have returned to almost
normal operations, as have sports activities, cinemas, concerts, etc. In short, the transport

system is back on track. This is an opportunity to re-think our mobi|i+y ecosystem.

Mass urban transport is the on|y possib|e solution for ovoiding the congestion and po||u+ion

in cities caused by the use of private cars. It is my view that the solution to the problem
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of mobility lies in avoiding a massive return to the use of individual cars and avoiding a
return to our old habits before the pandemic began. We can use this crisis as an
opportunity to unleash the potential of new technologies.

Future actions
The readl cho”enge going forward is to OdOer our transport systems so that Jrhey ensure
safe mobility without losing efficiency. This could be done in a number of ways.

° Re—%inking traffic flows within cities in order to reduce peoks, for exomp|e by
hoving eroggered working hours in offices.

e Introducing mobility on demand or mobility as a service, which means that public
transport becomes more flexible.

e Promoting pecles’rricm and C\/c|ing mobi|i+yA This "micro—mobthry” within the urban
environment is obso|u+e|\/ fundamental to the reduction in congestion.

® Increasing eﬁ(iciency or in+er—moo|o|i+y by providing many different options: pubhc
transport but also cor—shoring, bicyc|es, scoofers, and so on.

° Crecﬁ'ing appropriate infrastructures such as infer-modal hubs, in por+icu|or in
connection with roi|w0ys, and o|igi+o| p|oh(orms that make every’rhing more user-
Frieno”y.

o Main+oining sofe’ry measures such as the c|eoming of shared cars, measuring
temperatures, green passes, and so on.

e Further o|eve|oping eco-sustainable mobi|i+y Jrhrough the greater penetration of
electric or hybrid cars and buses. This would have a significant impact on the
F|exibi|i+y of e|ec’rrici’ry networks, which could become a major issue in the coming

years.

Conclusion
New Jrechno|ogies will be key to emerging from the Covid-19 crisis. As we recover from
the crisis, we can either go back to the way +|'1ings were before, or try to build a better

future.

Resilience is the o|oi|i’ry to face a traumatic event by re-organising in a positive way.
One way of doing that is fo promote the idea of electric mobility, and integrate the energy
sector with the electric mobi|i+y sector. However, that requires a solution for energy storage

that goes beyond the use of traditional batteries.

In this context, l’\ydrogen is a key Jrechno|ogy: renewable energy producecl at peck times
can be stored as Compressed hydrogen for use when demand increases. In that way,
the fluctuations in the supp|y and demand of renewables can also be addressed, and that

can be useo| as a source O]( energy FOI’ cars, lOUSQS, h’OiI’WS, ond p|ones.
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2. |mpqc+ of a respiratory infection pondemic on the ventilation indusi‘ry - a pcrodignn

shift - Benoit Olsommer (Switzerland)

Benoit Olsommer, Managing Director, Swegon

| will provide an insigi'i’r on the impact of the Covid pondemic on the ventilation indus’rry,
outlining where the future lies and the need for a paradigm shift in this industry.

History of ventilation

Ventilation was recognised as a necessity as |ong as 500 years ago, when manudl
ventilation was introduced in mines or heat-driven ventilation was used to produce o
ciiimney effect in higi’\ towers. Mechanical ventilation begon to be introduced oniy 150
years ago to replace draught ventilation in buildings. Progressively it became obvious that
ventilation was a necessity for the Weii—being and health of peopie in buiidings. Since the
1950, n’ieciionicoiiy activated ventilation by extract fans became a standard while |oe0|o|e
spent oiwoys more time inside buiidings, spending 90% of their time indoors. It is therefore
no exaggeration to say that good air quoii’ry has a real value. This is recognised by most
people around the planet.

This iiisiory of ventilation shows that the relevance of air quoii’ry is quite recent, iioving
emerged in the last 30 years. | will therefore focus on the quality of this indoor

environment, a concept which has come more and more popuior in the community.

Indoor environment quality (IEQ)

Why is it important to have a good quality indoor environment? For a company, it means
that its empioyees will be more produciive and also more iii<e|y to remain with that
company. Studies show that employees working in a good environment are up to 20%
more iii<e|y not to chonge jobs. In addition, companies with a good indoor environment
are considered 30% more attractive than companies that do not.

Most people would indeed recognise this in theory but how do we get from theory into
prociice? There are a number of issues at stake here: temperature, air quoiiiy, relative
numidiiy, and acoustics. All of these indicators are erpicoiiy used as metrics that define a

good indoor environment.

° Temperqi'ure. When we talk about environment quoii’ry, the first Jriiing we think
about is, of course, temperature. It has been proven that office produciiviiy is at
an optimum at a temperature of opproximo’reiy 2rC. If a buiiding is too hot - or
too cold - it is difficult for peopie to concentrate and ine\/ are less produciive.

o Air quaiiiy. A quoii’ry environment is also as matter of air quoii’ry which is most
often measured in terms of COg levels. One study has shown that people’s
cognitive functions drop drastically when COg levels reach 1,000ppm, which can
iioippen quite quic|<|y in a |ooor|y ventilated office. Once again, this will lead to a
reduction in produciiviiy.

° Humiciiiy. It is also important to consider relative iiumidiiy. A certain level of
numidiiy is necessary to prevent cracks in |oui|ding materials and decors, and a
level of 30-60% relative humidity appears to be an optimum for buildings.
i—iumidiiy is also important for humans. Below 30% relative iiumidiiy the human
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body will be more prone to o||ergies, eczema, o|ry eyes, and so on. That is of
particular importance in winfer in northern countries where the air will be very
o|ry inside.

e Acoustics. We can also talk about acoustics. Everyone would agree that noise is

very disfurbing for concentration.

A s’ruo|y on the impact of IEQ in schools has shown that a better airflow - from one litre
per second and per person to 8 litres per second and per person - leads to a 3%
improvement in reaction times by students, an 8% improvement in their visual memory,
and a 14% improvement in word recognition. Simi|or|y, poor|y—venﬁ|o’red rooms with over
1,000ppm of COg lead to a 10-20% increase in absences for reasons of sickness. It is
therefore quite clear that a good IEQ has a direct impact on the quc1|ier of information
absorbed by students.

Ventilation today

In 2021, on average for the EU27, opproximo+e|y 30% of commercial |oui|o|ings (non-
residential) are not equippeo| with any ventilation at all, o|espiJre the fact that we have
known the importance of ventilation for the past 20 years. The good news is that the

number of bui|o|ings equippeo| with ventilation is on the increase.

We still have commercial bui|o|ings Jroo|c1y that are equipped with some kind of ventilation,
but with no heat recovery which obviously does not make a lot of sense. Again, the use
of heat recovery is on the increase as part of the Europecm roodmop to a zero carbon

2050, o|+hough that will create another cho”enge on the energy side.

When it comes to residential bui|o|ings, there are huge disporiﬁes between countries.
In Scandinavia, for exomp|e, 80% of new constructions are equipped with heat recovery
and ventilation. In Germany the Figure is 25%, and the rest of the EU is below 20%.

We understand the importance of IEQ. Technology is available. But the redlity looks quite
different. A s’ruo|y of 2,000 peop|e in Sweden with respect to their Workp|oce showed
that many were experiencing symptoms such as headaches, irritated mucous membranes,
dh’:ﬁctu in concentrating and Foﬁgue. All of which could be avoided Jrhrough the use of
ventilation. \)\/hy did we, as an indusﬂy, not succeeded in this area? There are a number

O]c reasons at p|C|y l’]ere.

First, the comp|e><i+y of the pro|o|ems which require the control of many different
parameters at the same time. It is also necessary to master the Jrechno|ogy, and deal with
mu|+ip|e supp|iers and owners: in some cases, the tenants are not the same as the owners
or the investors. |gnoronce is also an issue: many peop|e simp|y do not understand that,
for exomp|e, COq has an impact on pencormonce. Fino”y, there is a lack of visualisation.
All this means that we are operating in a very difficult porodigm.

Impact of Covid-19

The first learning from the pandemic is that the ventilation industry (and society as a
whole) was largely unprepared for such a crisis. While there were laws and regulations
on ventilation in many countries, they were quite weak or even absent, or they were not
being enforced.
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Early on in the pandemic, it was not clear that Covid-19 was primarily propagated by the
airborne emission of poﬁhogens from the nose and mouth. This was despi’re the fact that
a 2017 publication had already explained the need for a 1.5 metre distance from the
infection source, a recommendation that on|y came out in Apri| or Moy 2020. The same
2017 publication showed that sufficient ventilation could mitigate the risks of transmission.
DespiJre this, at the start of the pondemic, some peop|e were arguing that ventilation

should be turned off.

After the first few months of initial confusion, the root causes of the pcmdemic became
quite clear. As well as the pharma industry, the engineering community was fully engaged
in o|e\/e|oping a basic unders’ronding of the propagation of poﬂﬂogens inside the air,
providing guidelines and recommendations for existing ventilation systems. It took only a
few months for the scientific community to reach a consensus on the main mode of
propagation, and on the fact that proper ventilation was key to |imi+ing the indoor
transmission of the virus. Organisations such as ASHRAE and REHVA o|eve|opeo| very

pragmatic guidehnes for ventilation, but |egis|o’rion and enforcement were sfill |ocl<ing.

Last year, REHVA published very precise and detailed guidelines. It includes pragmatic
guio|e|ines, some obvious such as s’ropping recircu|o’rion, some less obvious such as
conflicting controls between temperature, humidity or COxq levels. The guidelines extend
to protecting those responsib|e for maintaining or c|ecming the ventilation ducts.

T|’1€ guio|e|ines +Ol<€ a very pl’ngOﬁC OppI’OOCh ono| are very We” documerﬁed‘

Ventilation: investment, energy

It is estimated that the Covid-19 pondemic has cost the g|obot| economy opproximo’re|y $1
trillion per month. At the same time, ventilation accounts for on|y 1% of bui|ding investment
costs, but energy consumption by bui|dings represents over one-third of g|o|oo| energy
demand. HVAC represents a fifth of the bui|ding direct electrical energy consumption or
up to 45% when space heating and water heating are thermally activated by heat pumps.

Depending on the fresh air volume flow and on the ratio of heat recovery of exhaust air,
the electrical energy needed for ventilation and to compensate for thermal loss is far from
negligible. An estimated that 11 to 43 TWh of electrical energy per year would be required
to ventilate the EU27 countries. That would require 110 51 GW power plants.

IEQ and ventilation: a porodigm shift

What did we learn from the Covid-19 crisis? We learnt that airborne transmission played
a dominant role in respiratory infections. As such, IEQ cannot be limited on|y to matters
of comfort (such as temperature or noise) but must also include airborne po’rhogens.
We also learnt the key role of state-of-the-art ventilation systems in |imi’ring the indoor

fransmission of infection.

Going Forword, Jrlweref:ore, engineers face a huge cho”enge and responsilothry. It will be
necessary fo errengHwen the |egis|o+ion on ventilation to better account for airborne
transmission - that is a must-have - and that |egis|o’rion has to be enforced. Engineers will
have to master increasingly complex systems with conflicting multi-parameter

requirements. That will require more cross-disciphnory work, Workmg with scientists,
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architects, builders and investors. It will be necessary to develop new technologies,
for example sensors to enable the real-time measurement of pathogens. The
environmental impact of IEQ systems in new and existing buildings will have to be
minimised, as will the cost impact of all of these actions. Fino”y, it will be necessary to
convince investors about the relevance of IEQ versus investment costs. That will probably

be our greatest cho”enge.

The IEQ and ventilation systems of the future will have to cope with this increasing
comp|exi+y. State of the art chillers, air nonoHing and air diffusors will be required
Those products will be integrated in systems and operated with smart controls, reacting
to all sort of sensors (Jrempero’rure, COy, occupancy, noise, etc) and able to opﬁmo”y
master multi-parameters (all of this in real fime) with often conflicting objectives (e.g,
COg or room temperature levels). Our industry is now working on having these systems
‘talk” to each other. At the same time, we are working on developing systems and
o|gori+nrns that optimise, for exomp|e, the temperature set points of coo|ing and hecﬁng
systems in order fo meet the IEQ needs. These systems and algorithms will make it
possible to drastically reduce energy consumption while maintaining a good level of IEQ.

We are on|y at the beginning of these o|eve|opn’1enJrs, and such systems are starting to be
imp|emen+ed around the world. This is where our Jrecnno|ogic0| input will be required in
the future.

3. Panel Session

Daniel Favrat

Will we see the end of the rotary heat recovery wheels in these ventilation sstren’ls?

Benoit Olsommer

No. The wheels are more energy efficient: if they are well-designed and manage leakage
there is no risk of pathogen contamination. The REHV A guidelines confirm that.

Virna Gooreeah

What projects have been implemented since the Covid-19 pandemic to encourage o more
eco-friendly system?

Vincenzo Antonucci

ltaly’s National Recovery Plan includes a major section on infrastructures for public mobility

and on the nydrogen economy, both of which are aimed at a more eco-frieno“y system.

Donald Dhondee

In the context of Covid-19, have any studies been conducted on ventilation systems in

oerop|ones OI’]CI oirporJrs?

27



Benoit Olsommer

Aeroplanes are indeed very challenging as they are closed systems, or at least they do
minimize the level of fresh air in order to reduce the drag of the aircraft. Not being directly
connected to this industry segment any longer, the aerospace industry had been working
in the past on UV-based technologies to prevent the spread of pathogens. The situation in
airports faces similar challenges but has the difference that it is not a closed system.

Jean Eudes Moncomble

What has been the impact of Covid-19 on rurdl transportation systems as opposed to

u rbon OI’]@S?

Vincenzo Antonucci

The impact is quite different on rural and urban transportation systems. However,

the Jrhinking and the opprooch remains the same.
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VI. Session 4 - On the supp|y side: the demands of citizens

1. |mp|icc+ions of Covid-19 for China’s e|ec+rici+y sector - Haiwang Zhong (China)

Haiwang Zhong, Department of Electrical Engineering, Tsinghua University

|mpc1c+ of Covid-19 on the e|ec+rici’ry sector
The impact of Covid-19 on China’s e|echricier sector is multifaceted, and its impact on
power supp|y and demand is as follows.

On the demand side, the closure of factories and shops resulted in a decline in power
demand, which is a direct result of Covid-19. Government restrictions on travel and social
gatherings, the need for social distancing, and regional lockdowns led to a sharp decrease
in travel abroad. That resulted in a reduction in industrial demand and an increase in

residential demand.

On the supp|y side, there was a decrease in total generation volumes, |eoo|ing to an
increase in the proportion of renewable generation. Power grio|s also faced difficulties,
with an increase of peok—+o—v0||ey differences in the o|c1i|\/ load proFi|e‘ This highhghfed the
need for more ﬂexibih’ry in generation o|ispo+ch to cope with fluctuations in demand and
the supp|y of renewable energy. This can be addressed by hoving greater e|osﬁci+y in the
smart grid through energy storage and demand response.

Covid-19 also led to challenges in the operation and maintenance of the power grid.
Dispatchers and maintenance workers were subject to increasingly strict physical
quarantining between teams. The pondemic highhgh’red the importance of new contactless
Jrechno|ogies in the operation and maintenance of power systems, for examp|e, Al-assisted
o|iS|ooJrc|'1 and unstaffed substations.

Most imporJronHy, the chonge in the energy mix on the generation side had environmental
impacts. There was an 8% decrease in the first quarter of 2020 in China, which appears
to have had a positive influence on carbon emissions and other po||quonJrs such as NO,
and PM2.5 (Particulate Matter). However, this may be a short-term effect on|y. Data
from Carbon Monitor, a platform developed by Tsinghua University, shows a rebound in
COq in 2021 at the same time as the economy begon to rebound. As such, we can see
that o transition to clean energy is more effective in protecting the environment than

|o|ocing restrictions on human activities.

Carbon neu+rc|i+y and emissions peaking

China’s annual COg emissions rank first in the wor|o|, and its energy mix has |ong been
dominated by coal and thermal power |o|onJrs. The task of optimising China's energy mix
and moving fowards carbon neutrality is therefore a major task for the country.

The goal of the 2016 Paris Agreement is to limit global warming to well below 2°C and
pre]cerob|y to 1.5°C, as compqred to pre-indus’rrio| levels. To achieve this goo|, countries
aim fo reach the global peaking of greenhouse gas emissions as soon as possible, leading
to a climate neutral world by the middle of the o1 century.
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In its 2020 meeting of the Central Committee for Financial and Economic Affairs, a host
of measures were mopped out to he|p China peok its carbon emissions by 2030 and
attain carbon neutrality by 2060. In this way, China will establish a clean, low-carbon,
secure and efficient energy sysfem that limits the overall use of fossil fuels. A new type of
power system based on renewable energy will be promoted.

According to the s’rudy Chind's Long-Term Low-Carbon Deve/opmem‘ Strategy and
Pathway, China's COg emissions and energy consumption in the next 30 years will by
|orge|y influenced b\/ its environmental targets. China's COg emissions and energy
consumption will decline under all the 4 scenarios set out in the study: the policy scenario,
the s’rrennghened |oo|icy scenario, the 2°C target scenario, and the 1.5°C target scenario.

The study also predicts that carbon emissions from the power sector will not increase in
the next 30 years, and energy storage capacity will rise sharply by 2035. Cross-regional

power exchonges will be Wio|e|y used in the future, and e|ec+rici+y supp|y costs will begin

to decline by 2030.

A power system based on renewable energy
In order to achieve such ambitious goo|s, China will have to promote an energy transition

towards a new power system with renewable energy as its mainstay.

E|ec+rici+y generation has been increasing in China since 1990. At the same time,
there has been a non—neg|igi|o|e growfh in the share of renewable energy generation in
the energy mix since 2012. That growing proporﬁon of renewable energy will lower the
share of coal-based generoﬁon, and consequenﬂy reduce COg9 emissions. China is therefore

bui|o|ing a new power system with renewable energy ds the mainstay.

Such a new power system will require chonges in all parts of the system, inc|uc|ing

generation, network, load and energy storage.

Revolution on the generation side of the system is key. Controllable energy sources such
as hydro, nuclear and thermal power plants will make it possible fo cope with intermittent
power sources such as wind or pho’rovoHoic power. At the same time, centralised and
distributed renewable generation should comp|emen+ each other, and the two +oge+her

will ensure the security of the energy and power system.

In contrast, the network should be more distributed and elastic in the future. In order to
promote large-scale access to the power system of distributed renewable generation, the
conventional distribution network needs to evolve to become more active. Future grio|
o|eve|opmen+s will be based on the efficient coordination and interaction of transmission
and distribution networks. By connecting gas and heo’ring networks, the active power
distribution network will form a comprehensive energy system. That will improve the

eﬁ(iciency of energy distribution and supp|y, resu|’ring in a low-carbon energy supp|y.

L oad will have to be more flexible in the future. Unlike conventional fixed demand, future
demand will introduce a system of responses determined loy the grio|. Thanks to the use

of ICT, massive amounts of data can be collected, transmitted, stored and processed on a
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large scale in real time; industrial and commercial loads and residential users can effectively

parficipate in demand response.

Multi-energy integration allows different energy sources to replace each other, with air-
condiﬁoning systems, for exomp|e, being used for virtual energy stforage in the grid.

Fino”y, several energy storage patterns are |il<e|y to be imp|emen’red in China. As wind
power peaks at night and photovoltaic power peaks at noon, the excess energy can be
stored in energy erorOge units and released when demand exceeds supp|y. The significonJr
reduction in storage costs will solve the challenge that uncertain and volatile renewable

generation brings to the power system.

Power system coup|ed with |'1yc|rogen energy

Hydrogen energy can be used to meet the growing demand for storage in the |ong—+erm.
By coupling power systems with hydrogen energy, the volume of storage capacity can be
extended. On the one hand, the e|ec+rici+y distribution system has low cost and high
reliability, but it requires instantaneous balancing between power generation and
consumption. On the other hand, hydrogen energy has a high energy o|ensi+y and is an
efficient carrier for |orge—sco|e electric energy storage, provicling ﬂexibihfy for balance
between power generation and consumption. As such, both electric and hydrogen energy

l’]OV@ ’rheir pros Qﬂd cons.

China's western provinces are richer in wind and solar energy resources but its eastern
provinces have a higher population density. Energy demand in the east is therefore
considerob|\/ higher than that in the west, and resources must be Jrro1r1sporJreo| across |ong
distances. This raises an important question: should China transport hydrogen energy or

electricity?

Hydrogen transport means that hydrogen would be produced in the west and then
Jrror15|oorJreo| to the east to generate e|ec+rici+y‘ However, hyclrogen producﬁon requires
huge amounts of water and water is scarce in the west. This would therefore not be
sustainable in the |ong—’rerm‘ Even without that issue, it is very difficult to transport
hydrogen over long distances - it requires temperatures below -170°C and raises many
security concerns. As a result, long-distance and large-scale hydrogen transport is not an

ideal solution; it is neither low-cost nor low-risk.

Tronsmiﬁing renewable e|ec+rici+y from the west to the east is another option, with
hydrogen power playing the role of energy storage. When the supply of renewable
energy generation exceeds demand, the excess energy can be stored in the form of
hydrogen. When demand exceeds supply, hydrogen power can be used to generate

e|ec+rici+y. Such a system has a number of odvon’roges.

e There is no need fo worry about the use of water resources in central and eastern
China.

o The existing thermal power p|onJrs can be used to generate e|ec+rici+y with

hydrogen.
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° Hydrogen producﬁon can improve the utilisation rates of UHV (U|Jrro—High—
Voltage) transmission lines through peak shaving and valley filling; it can also
reduce wind and PV (pl'moJrovoHoic) curtailment.

o The system is economico”y feasible costing 0.46 yuan per kWh as compored to
0.49 yuan per kWh for hydrogen transport.

We therefore believe that this is o promising concept for the future.

Conclusion

The new power system is based on a reconfiguration of the power grid, with renewable
energy as its mainstay. It will create a new ph\/siccﬂ form with e|ec’rrici’ry at the foundation,
hydrogen coup|eo| with e|ec’rrici+y as energy storage, and an interaction between
generation, networks, load and energy storage. On the basis of infernet Jrecl’mo|ogy, it will
create an open, shared, competitive and win-win energy ecosystem.

2. ls green hydrogen becoming a demand of the citizens? - Carsten Ahrens (Germony)

Carsten Ahrens, Professor Emeritus, ZD| Jadehochschule Oldenburg

Globalisation and cooperation remain major questions, not or1|y with respect fo the Covid-
19 crisis but also with respect fo many other local and global crises. The Covid-19 pandemic
was able fo rapidly expand due to the high volumes of international movements of goods
and peop|e. Staying at home and |iving under strict lockdown measures could have
stopped the pandemic. At the same fime, the distribution of masks was only possible
thanks to our international transportation and Jrrc10|ing systems. However, the costs and
shortages experienced in relation to masks led to a reversal in the inferest in
internationalisation, and o return to local proclchrion and national value chains.

Nevertheless, the future will not be an "either-or" situation but a mix of both possibilities.

The genero| demands of citizens relate o items such as food and clean water, cars and
fue|s, peace and we|1(ore, bui|o|ir1gs and occommodo’rion, c|o+hing, energy - especio”y
e|ec+rici+y - and so on. Overall, Jrhey want to have access to all goods at any time Jrhrough

global or national supply chains.

Demands during the Covid crisis chonged qui+e remorkob|y, with mosks, vaccines and
sanitisers now at the top of the list, Jrogeﬂwer with ventilation systems, hospi+o| beds,
and even ftoilet paper. Peop|e also wanted ropio| infernet connections in the home to
facilitate Working—From—home and home—schoohng. At the same time, their traditiondl

demands for food, clean water, cars, fuels, accommodation, and so on continued.

The role of the engineer

W hat is the role of the engineer at a fime of Covid-197 One role is involved in the
producﬁon of masks, vaccines, sanitisers, and ventilation systems for hospi’ro|s, schools,
workplaces, homes and transport. Engineers are also expected to provide quick infernet
connections for home offices and home-schoohng, and fo continue to supp|y machines,
cars, buildings, and so on. All of this has to be done while also providing an uninterrupted
supp|y of energy, in por+icu|or e|ec’rrici+y.
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Of course, the problem during the Covid-19 crisis was the interruption of global supply
chains, |eoding to shorfoges of masks, vaccines, sanitisers. There were great disporiﬁes and
unfairness in the distribution of supplies, and a high risk of bribery and corruption. Keeping
up supp|y chains involved a great risk of infection and high numbers of non-traceable
contacts. Lockdowns disrupted the production of goods, and lead to disruptions in energy

supp|y or bottlenecks in internet connection:s.

The pos+-Covid situation
What can we expect in a post-Covid world? Above dll, we can expect greater political,
io|eo|ogico|, re|igious, cultural and academic borders. The American Socie’ry of Mechanical

Engineers has written that “Covid-19 is reshaping the engineering world.”

China was the first cou ntry to be hit by Covid-19, and the government introduced a series
of lockdowns that brouthr ino|uerry to a halt. As a result, e|ec’rrici’ry demand in the cou ntry
underwent a sharp drop in China, as it later did in Europe and India, for example,

with reductions in demand of 10-20%.

Peop|e will not quick|y forge’r the crisis, and cooperation and so|io|ori’ry will remain
important values going forward in all fields. It will still be necessary to find a response to
the questions of the pre-pandemic world, especially with respect to climate change and
reaching the 15°C target. That question has to be addressed by the engineering
community, in por’ricu|or the members of the WFEO and our S+ono|ing Committee on
Energy.

/\chieving the energy transition

As energy will be totally electrified by 2050, we have to explore how we can succeed in
our energy transition on the basis of green hydrogen‘ The Loppeenranta University of
Technology in Finland and the German Energy Watch Group estimate that 90% of global
primary energy will be fuelled by e|ec+rici+y in 2050, with on|y 4% fuelled |oy thermal
energy and 6% by bioenergy fuels. Fossil fuels and nuclear will represent only a very small
part of the mix.

In March 2020, the EU adopted a proposal for o European Climate Law aimed at
achieving net-zero greenhouse gas emissions in Europe by 2050. This proposal is part of
the European Green Deal. It aims to make Europe the first climate-neutral continent while
also boosting the competitiveness of European industry and ensuring a just transition for

the regions and workers affected.

In Apri| 2021, Germany's Federal Institutional Court made a historic decision: that the
cou nJrry's current climate law was insufficient to eﬁ(ecﬁve|y protfect future generations from
climate chonge. As a consequence, the German government must oo|op+ its current targets
and provio|e clear measures from 2030 onwards. That ru|ing provides enormous
momentum for the national climate movement, and its impact will spreod far beyond

Germany's borders.

We are indeed dealing with a huge problem. The IPCC, for example, estimates the
remaining carbon emissions budge’r from 2018 onwards as 420 Gt COq, which would
provide a 66% chance of remaining below the 1.5°C target. That budgeJr will be used up
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in the next 8 years if emissions are not reduced. What then should we be doing in political
and technical terms?

We need to review the current distribution of global carbon emissions. Asia is responsible
for over 50% of those emissions, and China alone accounts for opproximo’re|\/ 27% of

g|obo| emissions. The US makes up almost half of the remaining emissions (15%), followed

by the EU (iO%), India, Russia and Jopcm.

If we look at g|obo| investments in new power capacity, we can see that renewables
represent almost 75% of all investments - equivalent to $282 billion. In 2019,
the investment in renewables was three times higher than combined investments in codl,

natu I’O| gas OI’]CI nuc|eor.

Green hydrogen

In technical terms, it seems that the most |il<e|y way forward for the energy transition lies
in the very o|eep electrification of all sectors Jrhrough green e|ec+rici+y in combination with
green hydrogen. However, that will only occur if the cost of production of green hydrogen
is comporob|e to, or lower than, that of hydrogen from natural gos. Green hydrogen
procluced b\/ e|ec+ro|ysis is |i|<e|y to become the cheopesi clean producﬁon route in the
long-term, and could be competitive with blue hydrogen in the 2020s. Production prices
should reach their lowest level in about 2040, o|+hough this should occur even earlier in
locations such as Chile.

We can thus see that the penetration of electrical energy into other energy sectors can
best be achieved b\/ green h\/drogen. 56 countries have o|recio|y started national hydrogen
activities since 2017, and the EU alone will invest €470 billion in the hydrogen economy
by 2050. 31 of the 56 countries are located in Europe, 11'in Asia, 6 in South America, 5
in the Middle East and 3 in North America. Of these, 9 have national hydrogen strategies
in place (including Norway, Germany, Netherlands, France, Spain, Portugal, Japan and
Australia) and a further 11 have such strategies in preparation (inc|uo|ing Canada,
Morocco, Russia and Chino). 14 countries have provided suppor’r for |oi|o+ and
demonstration projects in hydrogen, and another 17 have started initial po|icy discussions.

5 countries still have no relevant activities underwoy.

Conclusion

| will conclude with an example from north west Germany, which has embarked on a
large scale hydrogen economy platform. That platform is based on strong sector coupling,
bringing Jrogeiiier e|ec+rici+\/, street traffic and |ogierics, trains, steel mills, cement factories,
buildings, and heating systems. A new project, "Aquaventus” is located on the island of
He|go|omo| in the German Bighi of the North Sea. It will involve the construction of offshore
wind parks with a capacity of 10 GW by 2035, producing 1 million tons of green hydrogen
per year. That will be Jrrons|oor’reo| onshore Jrhrough pipe|ines for use and storage in the

existing salt caverns in Germany that have a capacity of over 100,000 cubic metres.

Green hydrogen is the key to the |ong-’rerm fulfilment of both citizen demands and the
1.5°C target.
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3. Panel Session

Abubakar Sambo

How did you determine that demand for renewable energy increased o|uring the Covid-
19 lockdowns?

Haiwang Zhong

| showed that overall demand decreased due to Covid-19. However, the proportion of
renewable generation within the mix remained the same. Mathematically, therefore, the

|eve| O]c renewob|e energy increosed as a propor’rion O]C ‘H’]CI+ OV@I’CIH vo|ume.

Daniel Favrat

Given that seasonal storage is considered the most difficult cho”enge, how important are

the seasonal variations in China?

Hoiwang Zhong

Seasonal e|echricier demand is quite different in China, with peoks occurring in summer
and winter, and Jrroughs occurring in spring and autumn. The rainy season, for
hydropower, occurs during summer and spring. Seasonal energy storage is therefore very
important for China and that is why we have proposed a coupling of the power system
and hydrogen energy. Hydrogen energy is a poJrenJricr| solution for |ong—+erm energy
storage, and has a much higher potential than battery storage.

Daniel Favrat

If SOFC (so|io| oxide fuel ce||) water from hydrogen oxidation could be recovered, would
this Jrec|’mo|ogy be of interest to China in the future?

Haiqug Zl‘\ong

Mony local governmerﬁs in China are promo’ring the hydrogen economy and bui|o|ing
hydrogen producrion p|on+s. For exomp|e, during the 2022 Winter O|\/mpics in Ching,
buses powered by hydrogen fuel cells will be used throughout the Olympic Park.

Virna Gooreeah

|S e|ec+ro|ysis not a very expensive way O]C pI’OdUCiﬂg hydrogen?

Carsten Ahrens

Electrolysis is indeed an expensive method for producing hydrogen. However, the energy
content of hydrogen is much, much greater than batteries, for exomp|e. The IEA's
Executive Director, Fatih Birol, has stated that "governments need to take rapid actions to
lower the barriers that are r\o|o|ing low-carbon |’1yo|rogen back from faster groerrr, which
will be important if the world is to have a chance of reaching net zero emissions by 2050,
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Jean Eudes Moncomble

However, Fatih Birol refers to low-carbon nydrogen and not renewable i'iydrogen.
Low-carbon nydrogen can be produced using fossil fuel combined with CCS or by using

nucieor.

Carsten Ahrens

We can use the peaks in wind or solar power generation to generate hydrogen. However,
in intensive industrialised countries like Japan or Germany, we will not have sufficient
green energy to produce green hydrogen.

Virna Gooreeah

Would you elaborate on the use of HVAC for virtual energy sioroge?

Hoiwang Zi‘\ong

In power systems, generation and consumption should be balanced instantaneously.
However, thermal energy is a slow process, and thermal energy can be stored inside a
i:)uiiding. We can, for exompie increase the temperature setting in a buiiding via the
HVAC system in order to decrease eieciricii\/ demand from the perspective of the grid
operator. The HVAC system therefore acts as a virtudl energy storage device.

Jorge Spitalnik

Would you e><|o|oin how China will odopi' its existing fossil fuelled thermal pionis for the
use of nydrogen?

Hoiqug Zi‘iong

If China is to meet its carbon neutrality goals before 2060, it will have to close many of
its thermal power pion’rs. We are therefore Wori<ing on a proposoi to repurpose those
decommissioned thermal plants for the production and storage of hydrogen. Hydrogen
can also be mixed with natural gas to generate eiec’rriciiy in these pionis‘ However, there

are no pilot projects underway on this proposal today.

Daniami Etire

What sort of incentives could be used to boost national or regionoi investments in
nydrogen energy?

Carsten Ahrens

Producing green nydrogen is reioii\/eiy easy in Gerrnony‘s coastal areas that have sufficient

water resources.

Jecn E udes Moncombie

| understood that Gerrnony wWas considering importing green nydrogen from the
Mediterranean because it did not have the surface area to produce sufficient volumes of
green nydrogen in Germony.
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Carsten Ahrens

We are at the very beginning of this work on green hydrogen, and the projects that have
been announced are not yet stable or confirmed. This will all come down to a question of
cost, and the amount of water and other resources that will be required.
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VIl. Roundtable - Lessons learnt so far: the role of engineers

Moderator: Jean Eudes Moncomble, Chair, WFEO Energy Committee (France)

. Abubakar Sambo (Nigeria)

Abubakar Sambo, Chairman of the Nigerian National Committee of the World Energy

Council, Professor at Usmanu Danfodiyo University

The Covid-19 pandemic has taught us many lessons. As a member of Sub-Saharan
African countries, Nigeria has been most negatively impacted by the Covid-19 pandemic
for two main reasons: (a) because the economies of these nations are already weak, and
(b) because many of these countries re|y on the sale of oil and gas for their Foreign
exchonge earnings and o|eve|0|omen+. Without that income from oil and gas, the countries

went into economic recession.

In addition, many of these economies are not developed, and their populations rely on
their o|0|i|y incomes for survival. Simi|or|y, the countries do not have We||—o|eve|opeo|
healthcare systems. Fortu n0+e|y, however, African infection rates did not follow the trends
in Europe and countries like India or Brazil, and the number of Covid-19 deaths remained
comparatively low in Africa.

As a result of the pondemic, all countries have now realised the important role p|oyec| by
engineers in improving the economy - shifting it to new revenue sources such as mining,

|orge—sco|e ogricuHure, or tourism.

However, the common requirement in all this is e|ec’rrici+y. Todqy, Sub-Saharan Africa is
very backwards in terms of e|ec+rici+y with on|y 43% of the popu|o+ion hoving access to
electricity compared to 87% as the average of the world. Average electricity consumption
per copiJro in the world is 2,600 k\)\/h, whereas in Sub-Saharan Africa the average is
on|y about 500 kWh. Therefore, in order to s+reng’rhen the economies of this region,
engineers have to be at the forefront of designing electrification systems based on the
energy fransition. Mony of these countries are moving in that direction, o|+|'10ug|'1 those
countries with |orge oil and gas reserves are |o|orming to continue using the gas which has
lower carbon foo+prin+ than oil. In such cases, it is necessary to introduce abatement
proceclures such as carbon capture and storage or p|onﬁng forests that act as carbon sinks.

Engineers will also have to play an important role in such developments.

Engineers Wi||, of course, also be involved in bui|o|ing more hospi’rcﬂs, and in monufoc’ruring
vaccines, face mosks, sanitisers, and so on. Once again, all of this will require a signiFiconJr

expansion of e|ec+rici+y systems on the basis of renewable energy.

During the African Union meeting of 2013, all African countries ogreed that climate
change was a major problem for the continent, even though Africa only contributes 2%
to climate change as compared to 18% for the developed world. African nations have

therefore 00|op+eo| Agendo 2063, and engineers will be ot the forefront of the

imp|emen+o+ion of their countries’ NDCs.
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Jean Eudes Moncomble

Do you have a sufficient number of engineers in Africa?

Abubakar Sambo

No, we do not. However, in o|eve|oping their NDCs and other action p|cms, many countries
are looking at their human resource needs in the overall energy sector, and developing
plans fo increase those resources along the entire value chains. They are asking how many
engineers, technicians and arfisans are needed for existing and future power plants.
The International Labour Organisation has published an excellent study on the human
resource requirements of the energy sector, and we are using that report to show the

government where we need to focus attention on.

2. Massimiliano Capezzoh (Swi+zer|ond)

Massimiliano Capezzali, Professor, Institute of Energy and Electric Systems - IESE

| will take the opportunity fo speok about the lessons learnt from the Covid crisis in ferms

of generation, networks, and pub|ic services.

First, what did we learn about the generation capacities of energy? Power generation
was ensured even o|uring the worst moments of the crisis. Small, decentralised |o|cm’rs as
well as |o1rge installations worked well and there were no major power generation failures
omywhere in the world, whether Jrhey be industrialised countries or o|eve|oping counftries.
That required very careful management of specialised staff that cannot be easily replaced,
for example in nuclear power plants or hydropower plants. IT security was increased, and
communications continued to work well. Fino”y, decentralised power generation such as
PV pone|s on rooF’rops were not affected b\/ Covid. Overall, then, power generation
worked very well, although some measures had to be taken, in particular in hydropower
plants and nuclear power plants.

Second, what did we learn in terms of networks? Energy supplied to territories by way
of very |orge international physiccﬂ networks, or regiono| distribution networks, did not
suffer from any major interruptions - even during the worst months of the lockdowns.
This was the case for e|ec+rici+y transport and distribution, district heofing and coo|ing
networks, and natural gas fransport and distribution. Once again, the careful |o|orming of
maintenance activities was key, and this presenJred a cho”enge for human resource
management, especio”y during the cold months of the year. Sforoge capacities were
available, and were used very efficiently for natural gas in particular, and the networks

were monoged very We” OVQFO".

Third, what did we learn in terms of pub|ic services? | have come to the conclusion that
energy has been one of the backbones of the response capacity of our countries and
communities. This relates to hospi’roﬂs and emergency centres, but also essential industrial
services, s|’10|os, telecommunications, homes, and the internet. All of that made it possilo|e
to rely on home-working, online shopping, and all of the remote services that were used
during the lockdowns and semi-lockdowns. Those services led, in fact, to the o|eve|opmen+

of new business models in some cases.
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When it comes to the future, we could say, "No energy, lots of cry”. We have learnt the
need for sustained investments in the de\/e|opmen+ and maintenance of energy networks
in cities and elsewhere. Where it is possible, having multi-energy supply for ferritories
based on centralised and decentralised generoﬁon is ke\/. We have also seen how secu rier

and the existence of backup systems are important.

In all of these aspects, the role of engineers, physicis’rs, and other technicians is crucial and
must receive our full support. That applies to everything from education to greater
inclusiveness. Without peop|e in these key roles in the energy sector our overall reaction
and capacity for resilience would be greatly diminished. This means that engineers and
technicians are in the forefront of our response fo any major crisis, and we will hopefu”\/

be able to cope with future crises even better.

The energy system performed very well during this crisis. We have to learn why it

performed well, and ensure that we can do even better in the future.

3. Ruomei Li (China)

Ruomei Li, Women in Power Chair, Power and Energy Society, Member of WFEO

Executive Council

| will cover the cho”enges that are faced by engineers in the energy sector, in the context

of both Covid-19 and natural disasters.

The Covid-19 pandemic, which broke out in Wuhan, lead to the emergence of four main
cho”enges. First, the power load o|rop|oeo| by 35-38%, and the share of hydropower and
new energy generation increased rapidly. As a result, the grid requlation capacity became
a major issue. Second, due to the quarantine and isolation measures that were introduced,
it was not possib|e to maintain e|ec’rrici+y power |o|chrs, which led to increased sonCeer risks.
Third, electricity demand rose due to the construction of temporary hospitals and wards,
but the number of field staff were in fact reduced by 30-50%, with engineers af a high
risk of infection. Fourth, transportation prob|ems led to a lack of raw materials, a lack of

peop|e, and securier issues.

In July 2021, this was further exacerbated by the fact that the Henan province suffered a
major flood disaster, |eoo|ing to further cho”enges for power grio|s. The re|io|oi|i’ry of these
grids in extreme weather conditions is, of course, critical. We had not prepared sufficiently
for the poJrenJrio| risks and our infrastructures were found to be vulnerable. A number of
sub-stations were closed due to the F|ooo|ing, and it was not possib|e to repair or monitor
undergrou nd cables in a Jrime|y manner. SWiJrching rooms in residential areas were Hooded,

leading to major blackouts.

We therefore realised that it was necessary fo further o|eve|op the primary and secondory
equipment in sub-stations, and use smart or in+e||igen+ units on transmission lines. Real-
time monitoring Jrechno|ogies are not yet fu“y mature, and the quo|i+y of monitoring
equipment in particular had to be improved. loT also has to be further developed to play

a more effective role o|uring extreme events.
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How can engineers continue to perform in such unprecedented circumstances? First, when
designing sstrems and maintenance processes, engineers have to be skilled at envisaging
risks and developing counter-measures. Second, they have to be able to react and continue
to perForm in all kinds of eerrOordinory circumstances. Third, at all times, the scn(eer and
needs of people should be put first. This applies both to the safety of customers and the
sofe’ry of engineers themselves. Fourth, advanced Jrechno|ogies are not necessori|\/ reliable,

and engineers should base their work on actual testing and data.

Digi+o|iso+ion and arfificial in’re”igence are the way of the future. However, as the situation
in Wuhan and Henan showed, there is still a long way to go before they can be considered

as reliable and procﬁco|.

4. Roundtable Discussion

Abubakar Sambo

Many Sub-Saharan African countries are interested in building large-scale hydropower
|o|oers. How was China's Three Gorges Dam, the |orges’r hydropower dam in the world,
impacted by the Covid-19 pandemic?

Ruomei Li

Of course, demand overall was reduced during the pondemic, but the Three Gorges Dam
continued a s+eoo|y supp|y of energy +|'1roughou’r the crisis.

Virna Gooreeah

How does your role as an electrical engineer in this situation differ from that of genera

engineers?

Ruomei Li

My role is to provide reliable e|ec+rici+y to our customers. In the past 10 years, we have
been focused on reducing COg emissions by bringing in more renewable energy. That is

cho”enging ina counJrry where power sys’rems are higHy centralised.

Jean Eudes Moncomble

Before the pandemic, we were developing a certain concept of the energy transition
mainly focused on climate change issues but not only. During 2020 we focused all our
attention on figh’ring the Covid-19 virus and we were no |onger Jro|l<ing about the energy
transition. In 2021, we are now coming back to the energy transition. What has changed

in our energy transition Jrhinking from before and after the crisis?

Ruomei Li

Pre-Covid, we believed in the energy transition as a way of ochieving a more sustainable
world. Post-Covid we have seen that a decentralised power systems based on renewable
energy are more resilient and more flexible in the case of major crises. We also saw the
need to recognise the important value of engineers. That will further motivate them to

work on improving our sstrems.
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Massimiliano Capezzah

The main difference is that we feel more vulnerable in the post-Covid world. We never
thought that something so severe and dangerous could happen to us. We therefore feel
the urgency of the energy transition much more than before, and we take that energy

transition even more serious|y Jroo|oy.

Abubakar Sambo
The pandemic has opened the eyes of many African nations to the critical role played by

e|ec+rici+y in o|e\/e|oping and errennghening our economies.

Ruomei Li

We are very c|eor|y Fee|ing the impact of climate chonge Jrocloty, in por+icu|or in Beijing
where | am based. As China experiences more and more natural disasters, people are
starting fo understand the reo|ier of climate chonge.

Abubakar Sambo

France depends largely on nuclear power for its electricity production. Did the drop in
demand during the pondemic have an impact on e|ec’rrici’ry generation from nuclear

power p|cm+s?

Jean Eudes Moncomble

There were no disrup’rions to e|ec+rici+\/ supp|y in France during the pomdemic, o|’rhough
there was, of course, a signhcicorﬁr reduction in e|ec+rici+y demand. Priorier attention was
given fo preserving the health and sonceer of those working in nuclear power p|om+s to
avoid any issues with the maintenance of the reactors. Due to the reduction in demand,

maintenance C\/c|es could be pushed back and this did not prove to be an issue.

Do we need to re-think the way we train engineers so that they are better able to face
difficulties and crises in the future? W hat subjects would you add to their curricula?

Ruomei Li

We clearly need to provide training to engineers and technicians so that they are better
prepared for the future. We need to increase the resilience and reliability of our systems,
and of ourselves. We could also better share our experience of how we dealt with broken

lines and co||opsed towers during the recent floods in China.

Abubakar Sambo

The pondemic higHigHed the need for more open and distance |eorning using ICT in our
Jreoching. That is quite a porodigm shift for us. At the same time, when it comes to treating
patients, we need to do more in the area of biomedical engineering, and | would

encourage our engineering students and researchers to focus on that area.
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Massimiliano Capezzah

| would not revolutionise our curricula but | would add more elements on risk analysis.
It should also be possib|e to motivate students to enter the fields of energy engineering
and environmental engineering - energy is not on|y a way of moking money but is crucial
for the overall fu ncﬁoning of socieer. Energy can reo”y save |ives, as we have seen in the

pondemic.

Jean Eudes Moncomble

What is the key message you would like to share from this Symposium?

Abubakar Sambo

Our engineers should be more prepored to o|eve|op schemes and systems that signhciconﬂy
expomd e|ec+rici’ry supp|y in African countries, and Jmey should do so while also Fuh(i”ing
their energy transition |o|ons‘ For the African nations re|ying sustronJrioHy on the income
from sale of oil, it is time they adopt other serious sources of revenue like agriculture,

mining, monufoc’ruring and tourism.

Ruomei Li

We need to better recognise the contributions that engineers make fo our societies.

We have to p|oce humomi’ry at the centre of all our priorifies.

Massimiliano Copezzah

| am in favour of the market economy but, even within the market economy, it is important
to think about resilience. We should be proud - and also very humble - of our role as
engineers. The Covid-19 crisis demonstrated that everyone has an important role to |o|oy
in our societies, be +hey nurses, taxi drivers, or Amazon workers. We should therefore

humb|y |o|oy our role in our socieer o|ong with everyone else.

Jecn E udes MoncomHe

Our discussions have shown that the role of engineers has been highhgmed |oy the
pondemic. Mony outlandish ideas emergecl during the crisis, and the role of the engineer
is to guard against such ideas by proposing realistic and pragmatic solutions to society.

We have also seen that no one engineer can solve these prob|ems alone. Instead, Jrhey
must work in teams, taking a systemic approach to all of these issues - as was
demonstrated, e\/eryming in our society is linked. To succeed as a team member, it is
important to be humble. We also have to shift from a "how to do” mindset to o "how to

be” one.

| would like to thank all our speokers for their contributions, and all our participants who
provided such insigl’]h(u| questions. | would also like to thank the organising committee,

and all those working behind the scenes to bring you this Symposium.
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World Federation of Engineering Organizaﬁons

The World Federation of Engineering Organizations is an
infernational, non-governmental organization  representing  the
engineering profession worldwide.

Founded in 1968 by a group of regional and national engineering

organizations, under the auspices of the United Nations Educationdl,
Scientific and Cultural Organizations (UNESCO) in Paris, the World WFEU / FMUI
Federation of Engineering Organizations (WFEQO) brings +oge’rner

national engineering organizations from some 100 nations and represents more than
30 million engineers from around the world.

WFEQO's work s moin|y pen(ormed Jrnrougn its 5+onding Technical Committees (STCs)
and Po|icy |mp|emen+o’rion Committees (PICs), hosted by its national members institutions.
The Energy Committee is currently hosted by Ingénieurs et Scientifiques de France (IESF,
WFEQO's French National Member) with the support of the Consell Francais de |'Energie
(French member of the World Energy Council).

More information on www.wfeo.org and ’@wfeo

WFEO-CE - Committee on Energy

The Committee on Energy's objective is to become the engineering
reference for assessing the feasibility of current and cutting edge
energy fechnologies for sustainable development. And also to be the
engineering reference for energy sustainable o|eve|opmen+ based on
engineering criteria and actively participate in sustainable energy

WFEQ-CE

programs around the world by providing subject matter experts.

Launch and complete studies for Solar power, Nuclear power, Energy Internet, Carbon

Capture, Utilization & Storage (CCUS), Energy Storage, Hydrogen and Electrification.

The Committee on Energy has about fifty members from dll five continents and is led by
a Chairman and six regiono| Vice-Chairmen represenﬁng North Americo, Asio/PociFic,
Latin America, Europe/Russia, Middle East/South Central Asia, and Africa. Committee
Officers are appointed by their respective National Member organizations.

To download the Symposium proceedings: hH‘p://www.wfeo.org/commi’r’ree-energy/

Contact: energy@wfeo.org
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|ngénieurs et Scien’rifiques de France

The French Society of Engineers and Scientists (IESF - Ingénieurs et Scientifiques de
France) is an association that brings together associations of former students of
engineering schools, scientific, technical and professioncﬂ associations.

lts Repertoire lists over a million of Engineers and scientists and it has been recognized of

public inferest since 1860.

lts experts, organized in committees by sector of activity or by profession, develop a whole
range of actions aimed at the public authorities, @

the teaching profession, the political world and

businesses: white papers, conferences, events . l ES F
Through that, Jrhey highhgh’r the important role

of engineers and scientists in the economic and SOCIETE DES INGENIEURS ET
sustainable development of France. SCIENTIFIQUES DE FRANCE

More information on www.iesf.fr and W @IESFfrance

Conseil Frcngcis de |'Energie

The Conseil Francais de IEnergie is an association that aims to promote the sustainable
supply and use of energy for the greatest benefit of all people.

Founded in 1923, the Consell Frongois de |'Energie is the French member committee of
the World Energy Council and represents its members in all infernational activities of the

World E nergy Council.

The Conseil Francais de |'Er1ergie brings +oge+her key p|oyers in the French energy sector
(companies, administrations, professional organisations or universities) involved in
discussions that focus on the occessibi|i+y, ovoi|obi|i+y and occep+o|oi|i+y of energy from a
global perspective; all energy resources and technologies are represented.

The Conseil Francais de |Energie participates in energy debates, notably through
publications, participation in various events and the organisation of seminars and forums,
but also through the publication of La Revue de [Energie, a bimonthly review which for

more than 70 years has been one of the WORLD | CONSEIL FRANCAIS
places where energy issues are debated in DE LENERGIE

France and Jrhroughoqu the world, at the ENERGY
interface of the academic, po|i’rico| and COUNCIL @
industrial worlds.

More information on www.wec-france.org and W @CFE _wec

Released in December 20921.
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