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Power Generation Time Chart
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Nuclear Fission Generation?
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Survival and Resilience?
(41 SHH)

Think-
Pesilience

RESILIENCE ‘

N
/
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Resilience is understood as a system’s ability to absorb a significant negative
change or stress and recover from the stress to an acceptable degree of
performance (Hoffman, 2008:37).
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Resistant systems operate within a narrow range of possible states, and are designed
to resist perturbations from its equilibrium point.

Resilient systems can function across a broad spectrum of possible states and
gradually tends to return to its original state (equilibrium point)

Systems held with multiple equilibrium points can tolerate larger perturbations

Potential ener
d The major power grid failure?

Resistant Resilient System with multiple
system system equilibrium points

Adjacent system states



Ball-in-basin illustration of resilience

A stable, resilient system can cope with shocks and disturbances, and keep its place.

Threshald
""'--.‘ “/-/

In an unstable system, a small disturbance can push the ball over a threshold

-7 Changing
Threshobds
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I I Robust

Now

Flexible
Future

Resilient

Robust, Flexible or Agile and Resilient Behaviors. (Husdal, 2009)

* Robustness means the ability to stay on track and absorb
unforeseen external events (forces)

* Flexible system does not ensure what might happen after
unforeseen external events (disruptions)

* Resilient system regains a desired (original) path after the
deviation




Resilience in Power Grids

*» Resilience in power grids is defined as a capability to cope with
adversity arising from intentional and unintentional threats (forces),
and to recover in a timely manner to an acceptable level (a new
equilibrium) of performance after have been stressed.

¢ For electricity systems, shocks could come in various ways; in the form
of physical shortages of fuel, global fuel price rises, the introduction of
environmental regulation, physical shortages of imported electricity,
and unplanned surges in demand.

*» “Resilience is the ability to reduce the magnitude and/or duration of
disruptive events.” - Terry Boston, PJM President and CEO

*» Resilience of electric grids is the “ability of a system to gradually
degrade under increasing system stress, and then to return to its pre-
disturbance condition when the disturbance is removed.”



Definition of Resiliency :

Resilience is the ability to absorb
shocks, while retaining its function to
return the original function after
shocks removed.

- Jaeseok Choi, 2014
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Holistic approach to resiliency is based
on human safety

2/3 of world population will
live in the cities.

City should be the place
where people can satisfy
their needs

Basic
—needs to
survive

Human needs by Maslow



Vulnerability of society during
short-term disaster

A
I e

Self -
actualisa
ten Fast recovery
Esteem Esteem regardless of
needs needs economic damages
;"; Love and Love apd ] .
. belonging belonging h:lziag?ng
Security needs Security needs .
y T < 24 hours Security needs
—_ __
i Physiological needs Physiclogical needs Physiological needs

Blackouts: USA 2003, Italy 2003, ...



Experience from vulnerability of
society by long-term disaster

Self-
actualisa-
iion
Esteem Esteamn
needs needs
Love and Love and
belonging belonging _
— A Collective
J Security needs Security needs security formation
—— — | > 0 days .
o . Community
Physiological needs Physiological needs ) )
(plunder gangs)

Experience: New Orleans (Katrina 2005), Haiti a Chile (earthquake 2010),...



Goal of critical infrastructure resiliency:
preservation of basic needs in all cases

Self-

actualisa- Critical Fast recovery
iion .
- eteem infrastructure rega _rdless of
needs needs resiliency economic damages
Love and Love and Love and
E belonging belonging belonging
v ST A— A A
Security needs Security needs Security needs Security needs

s e
/28—

_ Physiological needs Physiological needs Physiological needs Physiological needs
——

T>5 days

Human settlements has changed to open metropolises. Open, unable survive
long-lasting cut-off from infrastructure



Blackout is “Sword of Damocles” over
our civilization

Coincidence of Climate Intentional
weaknesses change attack

Physiological needs: breathing, warmth,
water, food, shelter, sleep, ....

Maslow's
hierarchy Safety needs: protection,
of needs security, order, law, limits, stability

Belongingness needs Due to our dependency

we are not able to
ensure basic human
needs as warmth, drink,
food, protection, ...
without electricity




lll. HOW and What are Survival Energy DNAs?

Survival Conditions of Energy DNA
(Survival Energy DNA Guide Lines)

4 7% (Survival) of Energy DNA
1. Clean?: YES -> Survival
2

Certification of Human Survival? : YES -> Survival

&K (Exclusion, Selection for Rejection)

1. Dirty?: O HX| Y, 2t Z 2 FEd QIXE 7HX| =7}

2. 7| O[H (Example: CO,) = Ed5I= 22l= X[L|1D
U[=7: A F2Het 20l

3. ANEO| &1F= EESl="(Nothing for Resiliency)?
- Example: M[E -2 HAXHAILD S FA|OF F XA
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IV. Flexibility Sources for Solution of
REG Problems

Uncertainty of Resource Supply
Intermittent Generation

Low Capacity Factor - Economics
Massive Area for REG Plant Construction
Difficult Grid Connection ......

Solution -> Higher Flexibility!



What is the kind of uncertainties in power system in REG?

€ Aleatory uncertainty: Outage of Unit (Ex, Outage of Generator, Lines..)
€ Epistemic uncertainty: Uncertainty of Information
(Ex, Forecast of Load, Supply of Resources)*

Boiler
or
Reactor

Conventional Power Generation Plant

Electrical Energy
Delivery System

Gen.

Resources
(Wind
&

Solar)

Epistemic Uncertainty

Electrical Energy
Delivery System

* Roy Billinton and Dange Huang, “Aleatory and Epistemic Uncertainty Considerations in Power
System Reliability Evaluation”, PMAPS, May 25-29, 2008.

26



What is the relationship between uncertainties and flexibility in the new
future power system?

V2G+/-
REG+ «— Uncertainty —— DR+/-
|Generation| | Demand |

— Flexibility —
(HVDC, FACTS: ")
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Analytic Frameworks to Measure Flexibility

A simple summary of major sources of flexibility, such as capacity levels of dispatchable plants, pumped-
hydro storage, demand response, and interconnection to neighboring systems, can provide a snapshot of
system flexibility.

One example of this framework is the “flexibility chart” in Figure.

Interconnection Interconnection Interconnection

Wind: 47.3% //\ Wind: 36.4% Wind: 34.4%
Hydro 4\ CHP Hydro /\\ CHP Hydro i CHP
& 0%\\ (o ) 77 ‘\\
2% 20% 20%,
40% A0% m

T 60% 60% 60% \
Pump = ccer Pump 90% CCGT Pump o0 CCGT
PORTUGAL GERMANY IRELAND
(Hydro-oriented) (Interconnection-oriented) (CCGT-oriented)

FIGURE. Frameworks and metrics for measuring power system flexibility are evolving. These flexibility charts, developed
by Yasuda et al., provide a snapshot overview of what types of generation-based flexibility each country has, and the
maximum share of wind power (red text) during one hour relative to demand. The charts show in green the percentage of
installed capacity of each potential source of flexibility relative to peak demand, i.e., high installed capacity translates to a
possible source of flexibility. However, since capacity does not map directly to flexibilty, the size of the green area relative to
red does not have a direct meaning. Instead, the charts only highlight potential flexibility sources.



ANALYTIC FRAMEWORKS TO MEASURE FLEXIBILITY

GETTING STARTED

Simplified communication tool

GETTING SERIOUS

Screening tools to evaluate need for further

Minimal Moderate Significant

GETTING VERY SERIOUS

Purpose . . Flexibility-adapted resource plannin
P Comparison across jurisdictions flexibility analysis y-adap : -
c lexity of Required data may not exist Requires advanced analysis techniques and data
omplexity o . . ;
ExecI:ltion Simple analytical framework Data curation and tool customization may RoquArements

be required

Example Data
Requirements

Existing capacity of power system

Capacity mix and availability of
interconnect systems

Renewable resource assessments
Various time series data sets

Ramping capabilities of dispatchable units

Comprehensive suite of power system data
Operational rules and market and policy context

Limitations on
Execution

Existing capacity and interconnection data
is generally available in all jurisdictions

May be infeasible if renewable resource
assessments are unavailable

May be infeasible without significant data and
modeling and analytical expertise

Limitations on
Results

Does not evaluate whether system is
sufficiently flexible

May exclude aspects of flexibility that
cannot be reduced to capacity

Ramping capabilities of individual
generators not considered

Simplified treatment of dispatchable
generators

Presumes fully built-out transmission

While analysis results are always qualified, this
tier of tools and metrics provide the most robust of
those outlined in this paper

Usefulness of

Tool Relative to
Generation and
Load Variability

Preliminary and comparative analyses

Systems which are evaluating need for
more robust flexibility assessment (e.g.,
generation levels of 5-15% wind or solar)

Systems which already utilize all 'no-regrets'
sources of flexibility

Metric

Flexibility Charts (Figure 2)
GIVAR [l visual (Figure 3)

FAST2 (Figure 4)

Insufficient Ramping Resource Expectation (IRRE)
(Figure 6)

Bulk System Flexibility Index (BuSFI)'




How Can Policymakers and Regulators Help Increase Flexibility?

A RELATIVE ECONOMICS OF INTEGRATION OPTIONS

Involuntary Load Chemical Storage
Shedding
Transmission
Expansion
_CIEII Rdmplnc

Residential Transmission
Demand Response Gl and CEGD Reinforcement Pumped Hydro
— Storage

Gas Ramping

Strategic

RE Curtaillment®

. Joint Market
Expanded Balancing Operation

Footprint/Joint
System Operation Increased Ancillary
Service Liquidity©

Sub-hourly
Scheduling and Improved Energy
Dispatch Market Design

Option costs are system-dependent

Gr.d Codes and evolving over time

SYSTEM < FLEXIBLE STORAG
OPERATION R GENERATION Lzl

Type of Intervention

Cost

Advanced Network Thermal Storage

Management

Hydre Ramping
Industrial &

Commercial Demand
Response

a. There is a tradeoff between costs of flexibility and benefits of reduced (or no) curtailment, hence a certain level of
curtailment may be a sign that the system has an economically optimal amount of flexibility.

b. Joint system operation typically involves a level of reserve sharing and dispatch co-optimization but stops short of joint
market operation or a formal system merger.

c. Wind power can increase the liquidity of ancillary services and provide generation-side flexibility. Curtailed energy is
also used to provide frequency response in many systems, for example Xcel Energy, EirGrid, Energinet.dk.




Key messages for policymakers as to power system flexibility

B Power systems are already flexible, designed to accommodate variable and
uncertain load.

B In different power systems, sufficient flexibility exists to integrate additional
variability, but this flexibility may not be fully accessible without changes to
power system operations or other institutional factors.

B In sufficient quantities, renewable energy will change the shape of dispatch
requirements so that system flexibility must be reassessed, and thus growth in the
levels of renewable energy may require increasing levels of flexibility.

B A wide range of power system elements impact system flexibility, ranging from
transmission assets to generation characteristics and operational practices.

B While there are many emerging flexibility metrics and assessment methods, there
IS no standard metric for measuring flexibility to date, and metrics continue to
evolve (change).

B Policy incentives can be designed to anticipate flexibility needs and support
system flexibility.



B There are several approaches to improving grid flexibility, including improving
ramping capabilities of the dispatchable generation fleet, increasing demand-side
and distributionlevel participation, and increasing coordination across multiple
markets or balancing areas.

B Finding the optimal investment level requires consideration not only of short-term
operational requirements, but longterm viability to recover costs. Uncertainty
regarding the level, timing, and type of renewable energy deployment will
complicate the problem of finding the optimal levels of investments.

l Based on investment needs independent of variable renewable energy and smart
grids, power systems in developed and emerging economies may take very
different paths to increasing flexibility.

B Flexibility considerations can be integrated into the design of procurement
policies for new renewable energy generation (e.g., feed-in tariffs, subsidies), for
example, by basing support on location of generation, provision of frequency
support, alignment with demand, and/or integration into dispatch optimization.



SOURCES OF FLEXIBILITY

System operations and markets. Changes to system operation practices and

markets can unlock significant flexibility, often at lower economic costs than options that

require changes to the physical power system.

Flexible demand and storage. Demand- side management and demand response

enable consumers to participate in load control based on price signals. Demand response
mechanisms include automated load control by the system operator; smart grid and smart
metering; real-time pricing; and time-of-use tariffs. Demand response can be relatively
inexpensive but requires strict regulations related to response time, minimum magnitude,

reliability, and verifiability of demand-side resources.

Storage teChn0|OgieS—incIuding pumped hydro and thermal storage and batteries—

hold energy produced during periods of excess VRE generation and then discharge this
energy when it is needed. Relative to demand response and other options for flexibility,

storage generally has a higher capital cost.



Flexible generation. Conventional power plants and dispatchable renewable

generators such as biomass or geothermal plants provide flexibility if they have the ability to
ramp up rapidly and ramp down output to follow net load; gquick shut down and start up; and
operate efficiently at a lower minimum level during high VRE output periods. New and
retrofitted large-scale power plants, as well as smaller- scale distributed generation (e.g.,

micro combined heat and power units), can supply flexible generation.

Flexible transmission networks. Extending transmission lines and

interconnecting with neighboring networks provide the power system with greater access to a

range of balancing resources. The aggregation of generation assets through interconnection
improves flexibility and reduces net variability across the power system. Other sources with
flexibility include smart network technologies and advanced network management practices

that minimize bottlenecks and optimize transmission usage.



V. HESS Example: Variable Speed and Ternary P-G
Units to Mitigate Wind and Solar Intermittent
Production

0

i

©
1

Ie & http://powervision-eng.ch/Profile/Publications/pdf/Hydrovision_2014.pdf - C

@& powervision-eng.ch x |7

a share of 55% of the electricity generation by renewable energies by 2020. are also planning and
developing large conventional and pumped storage capacities [18].

35.000
MW RES installed today in Germany > 36.000 MW @ Photovoltaik
mWind
30.000
25.000
20.000

= | o

i 20 GW I 0 |y = LI | 4} I [ | l

5.000 1 o
GW

January February March April May June July
Figure 1 Wind and solar electricity generation in Germany in 2010 (adapted from:
"A Comparison of Advanced Pumped Storage Equipment Drivers in the US and
Europe" by R. K. Fisher et al.. Hydrovision 2012. Louisville. USA.[7]).

Beside storage and substitution production capabilities. pumped storage power plants can also
significantly improve the power network stability due to their production flexibility and ancillary
services capabilities. However. the planning. design and optimization of new pumped storage power
plant developed to compensate renewable energy volatility requires detailed analysis of the power
network stability. In this context., advanced simulation models of each energy conversion power station
are necessary to investigate the power network dynamic behavior and address the power network
stability for various configurations and scenarios. This problematic is addressed in the present paper
through the modeling. numerical simulations and analysis of the stability of a representative islanded
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Pumped Storage Power Plant

Motor-Generator

1

Goldisthal PSPP Generator and Turbine

During power generation the water from upper
reservoir flows and turn turbine counter
clockwise (for this case).

Generator and Turbine for PSPP are same with
the conventional HPP. When pumping, the
generator acts as motor, consuming power
from grid. Motor turns the turbine to opposite
direction.

To start the motor, it is necessary to use motor
starting device as Static Frequency Converter or
Cycloconverter, and change the phase sequence
from U-V-W to U-W-V.

Before pumping begins, water in spiral case
should be drained, and filled with water after
rated speed has been achieved.



Adjustable Speed Pumped Storage

Kyogoku Adjustable Speed Pumped Storage

Power Plant, Jopan

This enables adjustment of power consumed
during pumped mode and power output during
generation mode, by adjusting the speed of
turbine and generator.

The difference is in the generator. As you can
see from left image, the rotor coils are similar
to coils in stator. The excitation utilizes variable
frequency AC excitation system, which is
different from conventional generators.

The AC excitation enables compensation of the
varying mechanical speed to synchronize with
grid frequency.



Ternary Pumped Storage

Pelton Turbine
'<.'l| ' Coupling
- : A
.‘,'Lp'
L g
ﬁ:’: Pump
-

Cross section of Ternary Pumped Storage
Power Piant

This power plant combines Pelton as turbine
and Francis as pump. The net output of plant is
the power generated from Pelton minus power
consumed by Francis.

By this power plant, the power electronics for
variable frequency AC excitation system and
motor starter are no longer necessary. Thus,
eliminates additional harmonic voltage or
current source in the grid.

Coupling to Francis pump can be swiftly
engaged and disengaged. This enables shorter
transition between power consumption mode
and power generation mode, as reversing the
turbine rotation is not necessary. Very suitable
to response to fluctuating power supply from
wind turbines.




P: Pump Runner

T: Turbine Runner

T/P: Turbine and Pump Runner
M/G: Machine or Generator

Grid Grid —@— Grid

Transformer

Water
flow

Water 4
flow

Conventional PSH Ternary set PSH Variable speed full

converter PSH

Downloading the Figure from "Modeling and Simulation of Ternary Pumped
Storage Hydropower for Power System Studies".



Ternary unit desi

Valve

HH - Synchronous
LRy | generator

Pelton
turbine

Torque
converter
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these two technologies compared to a classical reversible Francis pump-turbine are summarized in Table
,
¢

During the selection process, if most of technical aspects can be reasonably evaluated, aspects related
, to system stability, regulating services and other ancillary benefits are more difficult to address.
{ Moreover, Transmission System Operators, TSO. require demonstrating the capability of new units to
withstand typical power network faults and to comply with Grid Codes. In this context, time domain
simulation of the dynamic behavior of the full pumped storage power plant including hydraulic circuit,
electrical installations. control system and power network provide very useful insights for decision
making.

Altarnateur / Moteur

Turbine Pelton
e SRt

Figure 3 Example of 2 x 120 MW ternary unit of Forces Motuces de Honmm Léman. FMHL Pumped St01a2e
power plant in Switzerland [10] (left). and rotor of the doubly fed induction machine motor-generator for
4 x 250 MW Linthal Pumped Storage Project in Switzerland on the right [28].
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Figure 13 Comparison of the power network frequency resulting from photovoltaic power plant output power
sudden variations of 50MW obtained with Ternary Unit and Variable Speed Unat.
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Figure 14 Comparison of the different renewable energy sources active power during photovoltaic power plant
output power sudden variations of S0MW obtained with Ternary Unit (left) and Variable Speed Unit (right).

8.3. Wind power fluctuations

Figure 15 presents the time evolution of wind velocity around a mean value of 14 m/s considered for
this second scenario, while the solar irradiation is considered constant at the value of 1'000 W/m?. Figure
16 shows the corresponding wind power fluctuations and the resulting pumped storage input power
variations. The frequency deviations obtained with ternary unit and variable speed unit are compared in
Figure 17 pointing out frequency deviations reduced by a factor 5 with the variable speed unit compared
to those obtained with the ternary unit.



Mode Change Times for Various

Advanced Pumped Storage Technologies
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VI. Final Energy DNA?
Nuclear Fusion (Artificial Sun)
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VI. Summary and Discussion

» Energy Evolution : Winner DNA!
» Conditions for Winner DNA?
» DNA of Survival Energy: if yes, What?
- What is Clean & Sustainable Energy DNA?
- Human (Citizen) Survival?
- Near Future: Renewable Generation System?
- Far Future: Nuclear Fusion Generation System?
» For Pulling up Flexibility?
» Resilience of Power System?
» Human Survival without Electrical Energy?
» Elements for Resilient Power System?
» What is Making Money(Business Model) in future?
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