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Presenter Notes
Presentation Notes
I appreciate the opportunity to share at this Forum, and in advance I thank you for your time and attention.

The focus of my presentation is on the safety anxiety originating from the massive amount of energy concentrated at one location, such as the future tera-scale ‘renewable-plus storage’ systems.  A plan to prepare in taking the first step to meet the 2050 net-zero carbon goals with SAFETY is outlined.  CLICK

Because of this, the presentation is subtitled Safety at Scale, and I will define what Energy at Scale means to an electric system operator.   CLICK 





P R E S E N T A T I O N  O U T L I N E

I. Premise and Threat Assessment Examples

II. Threat Assessment at Scale of an Energy Storage Device
a. Definition of Energy at Scale
b. Issues in Performing an Accurate Threat Assessment at Scale
c. Proposed Tasks to Develop Needed Technical Information

I. Proposed Blueprint for Action
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The presentation is divided into three parts:  CLICK 

First, I will introduce the basis for the presentation’s message; and also, four threat assessments examples at utility facilities.   CLICK 

Second, from the perspective of a utility operator, I will delineate what should be the magnitude or scale of an energy storage device meant to displace conventional generation sources.  I call this ENERGY AT SCALE.  I will then review the existing issues in attempting to perform a correct threat assessment and offer specific solutions.  CLICK 

Third, I will outline the elements of a proposed high-level Action Plan to take the first step in the process of achieving safety at scale.  CLICK 



P R E M I S E

Effective safety at a utility-size energy storage 

site can result only from a threat assessment 

based on the corresponding long-duration 

energy at scale.
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A complete threat assessment for a substation should include several other elements such as cyber security, weather, terrorism, sabotage, etc.  However, these factors are beyond the scope of this brief presentation.  The specific  threat factor that I will be discussing is that due to potential explosions and fire from an energy storage device.   CLICK 

My premise is that safety is feasible at a site with energy storage of long duration, IF the threat assessment is performed accurately, which essentially means assessing at realistic values the energy level, the frequency of occurrence, and the impact due to the event . CLICK 



Q U A L I T Y  O F
T H R E A T  A S S E S S M E N T S

E X A M P L E S

• Projects Reflecting 
SATISFACTORY Threat 
Assessments

• HVDC Terminal Substation –
Converter Building
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Threat Assessment in a project is similar to  due diligence, and when performed in depth and in detail it can produce many benefits in addition to safety.  A thorough Threat Assessment lays the groundwork for implementing the project’s design on a solid foundation by providing valuable site-specific information early-on in the project. .   …   Investors and operators can then proceed with their eyes wide open. .   CLICK 

The quality of a threat assessment is reflected in a project’s organization and ultimately the end results.

The first example of a project where a GOOD threat assessment was performed CLICK

is a High Voltage Direct Current Converter Station, as evidenced by: spacious structurally sound buildings; fire retardant materials; fire monitoring and suppression systems; and partitions; The following components are located OUTDOORS: flammable materials; HVAC equipment; power transformers, wave shaping capacitors and inductors, and the high voltage breakers.  Communications and central controls are housed in separate buildings from the power electronics in the valve halls.  Back-up equipment is physically spaced and partitioned; and black start power lines stem from geographically different directions. .  Safety and resiliency are close cousins.  CLICK 






Q U A L I T Y  O F  T H R E A T  
A S S E S S M E N T S

E X A M P L E S  
( C O N T I N U E D )

• Projects Reflecting 
SATISFACTORY 
Threat Assessments

• Modern Nuclear 
Reactor 
Containment 
Building
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The second example of a project where a GOOD threat assessment was performed CLICK 

is the reactor containment building of a nuclear fission reactor. The trend is for modern reactors with reduced power ratings resulting in less risk, licensing and construction time, and cost; they are more compatible with the energy transition plans because this enables a distributed system.  

An onion-layers approach is used to form the containment system starting with safer fuel chemistry; high temperature alloy fuel rods; a water- lead- stainless steel pressure vessel; a reinforced concrete vessel; and several external building shells. .   CLICK 




Q U A L I T Y  O F  T H R E A T  A S S E S S M E N T S

Projects Reflecting DEFICIENT Threat Assessment

• Transmission Line Steel Towers

(Examples Continued)
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 CLICK
 
On the other hand, a Transmission Line Steel Tower is an example of where a bad or perhaps no threat assessment was performed.  

This can be summarized in a simple question:   Why use a metal structure to support high voltage conductors ? In the early 1900’s when steel transmission towers were first used, CLICK 

wood oil well towers were already available at the heights needed for transmission lines.  But instead, CLICK

windmill metal towers were selected and modified CLICK

to become transmission line towers, requiring much more electrical insulation, more right-of-way land, and more maintenance.  And we are still using them today even though much better dielectric and structural materials are now available. .   CLICK 





Q U A L I T Y  O F  T H R E A T  
A S S E S S M E N T S

E X A M P L E S  ( C O N T I N U E D )

• Projects Reflecting DEFICIENT 
Threat Assessment

• Fire Walls for Outdoor Power 
Transformers
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And the last example is not only bad … it is ugly. CLICK

Outdoor fire walls, in widespread use today, especially in critical infrastructure substations, have been orphaned for 103 years. Fire walls for OUTDOOR power transformers have no parent code that specifies a hazard classification method to follow in determining a fire resistance rating time, which is  the fire exposure time a fire wall must withstand and still perform its thermal and structural functions. 

In 1919, a standard was issued on how to test fire wall assemblies for buildings.  Apparently, the Electrical Industry has assumed since then that this standard also applied to outdoor HV transformers without ever confirming this in the associated code, which is the Building Code (now the IBC).  Of course, being the Building Code, it clearly addresses indoor fire walls and indoor transformers only.  It says nothing about outdoor use or equipment.

Today there is still no code that specifies the process to classify the hazard due to outdoor oil-filled transformers and the required time duration the fire wall test sample should be subjected to the fire.  Furthermore, because the test standard referenced by this code was written to test fire walls installed inside buildings involving solid fuels, it does not specify the fire parameters that should be used to test for an oil-fueled fire.  

The oil industry and the military do address precisely large outdoor hydrocarbon pool fires,  but the electrical industry has continually ignored the discrepancies, even though this test standard and the silent parent codes have been revised several times since 1919.  Consequently, the right fire wall protection can NOT be specified, resulting in unnecessarily elevated safety risk and costs.  And the Spanish Custom lives on.

But the lessons learned here can be applied in developing effective explosion and fire containment for long duration energy storage. CLICK 




E N E R G Y  S T O R A G E  D E V I C E  
C H A R A C T E R I Z A T I O N

• Quantification of the ‘Energy at Scale’
The Energy at Scale of an energy storage device at a substation is equal 
to the sum of the ENERGY ratings of all interconnected conventional 
energy sources being displaced by the ‘renewables-plus-storage’ 
scheme, in addition to the maximum energy content of the device itself.

• Duty Cycle Corresponding to the ‘Energy at Scale’
Conventional generation is operated in a quasi-continuous duty cycle 
depending on the utility’s scheduled maintenance intervals, which could 
typically be six months to a year.  ALL loads must be served at ALL 
times, in addition to having energy reserves on demand to assure 
reliability, resiliency, and safety continuously. 
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CLICK
Assuming that a renewables-plus-storage combination is to replace existing generation and its delivery system on a one-for-one energy basis, the energy AT SCALE of the new arrangement must equal the total of the energy ratings of all the existing energy sources, including itself and all interconnections.

CLICK
Which brings us to the duty cycle that is the DRIVER of Energy at Scale.  Existing generation is scheduled for maintenance at about six-to-twelve-month intervals.  Transmission lines have even longer maintenance periods.  For practical purposes, these operational requirements represent an almost continuous duty cycle, and would correspond to energy storage duration requirements of not just days or weeks, but actually months! .  ALL loads must be served at ALL times, in addition to having on demand the energy capability to assure reliability, resiliency, and safety continuously. THIS IS LONG DURATION. 

To a power system operator, ‘Reliability with brownouts’ is an oxymoron.  CLICK




E N E R G Y  S T O R A G E  D E V I C E  
C H A R A C T E R I Z A T I O N

Operational Conditions Under Which the Threat 
Assessment is to be Performed

1. Prevention and suppression systems have fully failed 

2. Containment of the explosion and fire is the only safety 
measure remaining 
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CLICK
The primary real-world operational conditions under which the threat assessment of the energy storage device should be performed are two:

CLICK
The first condition is that in the incident being considered, both the prevention and the  suppression systems have failed, resulting in a literally full-blown event. 

Events experienced at energy storage installations, much smaller in scale than those that will be needed in a truly decarbonized power system, tell us that such failures can occur with potentially catastrophic and far-reaching impact . The many thousands of components and their complex relationships in a bulk energy storage device create fertile ground for Murphy’s Law. 

CLICK
The second condition comes into play by default.  When explosion and fire prevention, as well as the fire suppression measures fail, containment  is the last line of defense.  Containment consists of a primarily passive thermally and structurally rated enclosure, building, or multiple buildings, with some active functions such as  pressure relief and cooling in certain applications. CLICK




B A S I S *
F O R  A  T H R E A T  A S S E S S M E N T  A T  S C A L E  

NEEDED:  Codes, Standards, Test Protocols, and Test Facilities

1. Revise the relevant codes, to categorize a utility-scale energy storage 
application according to the type and volume of fuel**, risk factors, 
use, and site conditions.  Define and include a thermal resistance 
rating for the containment construction.
**Test data AT SCALE for various types of energy sources will be needed here.

2. Develop safety criteria compatible with the full energy scale of the 
storage device under consideration.

3. Develop and disseminate representative standards and test protocols.
4. Develop facilities with the capabilities to test per the codes and 

standards.    

* (To Be Developed)
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CLICK
As you might have already surmised, today we are lacking the Industry approved basis that is necessary to perform a proper threat assessment at scale. 

CLICK
There is limited specific and clear information in the form of official technical guidance.  Also absent is the necessary testing infrastructure to verify safe mitigation of threats at scale.  

Existing codes and standards could be used as a starting point to develop the needed tools, but energy storage at scale is an UNPRECEDENTED application requiring NEW information to be generated and included in the codes and standards.

The following specific tasks are proposed:
CLICK

1.- Update the codes to methodically categorize  and provide thermal resistance ratings for long duration energy storage containment. CLICK

  CAUTION: The type of research facility to characterize the various energy storage devices does not exist (for example, to obtain the Temp vs Time curves), and it will not be the same as the product certification labs also needed later. 

CLICK
2.- With input from all stakeholders, develop the criteria needed to assure effective safety.

CLICK
3.- Write the standards that specify energy storage safety at scale and disseminate them widely.

CLICK
4.- Design and build the test facilities capable of verifying the safe design, construction, and operation of energy storage facilities. 
CLICK
 



C O N T A I N M E N T  T E S T I N G  K E Y  P O I N T S  

• Develop criteria for the test specimen.

• Follow the time versus temperature curve that corresponds 
to a fire of the energy storage device under total failure.

• Apply the highest anticipated ‘replacement’ energy when 
performing the thermal resistance rating test of a 
containment system. 
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CLICK
The test specimen must be representative of the commercially produced unit and not a “special” sample fabricated just for testing.  The test specimen size should preferably be full-scale; or at minimum, of a reduced-scale where all scaling laws have been validated and the effects are faithfully mirrored as in the full-scale version. All connections, joints, interphases, etc.,  must also be included in the test specimen.

CLICK
Each fuel has a characteristic Temperature versus Time curve.  The conditions under which this curve is generated must be the same as those of the energy storage device in service.

CLICK
It is critical that the correct value of the ‘Energy at Scale’ be applied, as described before.  In addition, the steady state conditions must be maintained for the period equal to the thermal resistance rating period required for the containment system.

CLICK




C O N T A I N M E N T  T E S T I N G  K E Y  P O I N T S

• Instrument the test facilities to measure all parameters to 
be evaluated, including: transient and steady state 
temperatures, heat flux, thermal radiation, and explosion 
shock waves.

• Simulate the explosion and fire suppression effects such as: 
thermal shock; contaminants generated and their 
dispersion; flooding; high pressures; and damage from 
water or other extinguishing materials.

• For practical reasons, tests for explosion and for fire 
exposure might need to be performed separately.

(Continued)
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CLICK
To fully instrument the test facility sounds obvious, but surprisingly, heat flux and thermal radiation, which are key parameters to evaluate the potential hazard of a fire are often not measured directly in some fire resistance rating test labs.

CLICK
Fire suppression might cause as much damage as the fire itself, and the energy storage system must be tested under the stresses created during fire suppression.  The containment structure must maintain its integrity in order to confine the fire to its location of origin and continue to protect neighboring equipment. 
[In fact, when normal fire suppression procedures pose an eminent danger to the public or first responders, fire men go into what is termed “defensive attack”, with a lower priority to saving a structure or its contents.] 

CLICK
The test facilities capable of testing energy storage devices at scale will need to be enormous, complex, and costly.  Explosion testing also requires very large and specialized facilities. It might be better to invest in separate test facilities.
CLICK
 

  



S A F E T Y  A T  S C A L E

R E C O M M E N D E D  B L U E P R I N T  F O R  A C T I O N

Main Attributes

1. BIG and BOLD

2. NOW and FAST

3. COLLECTIVE
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CLICK
Only pumped storage gives a hint of the stored energy scale needed to replace the energy provided today by an average-size regional power system.  And even at the largest pumped storage facilities, the stored energy is considered as supplemental for only a few hours.  To realize the Energy Transition as planned, renewable sources coupled with energy storage unprecedented in capacity and duty cycle ratings will be needed.   These enormous facilities present potential mega-threats requiring correspondingly big and bold AT SCALE mitigation. 

CLICK
To meet the net-zero carbon goals by 2050, AT SCALE energy storage must be in widespread commercial operation within the next 15 to 20 years.  We must act now and work fast.

CLICK
Decarbonization is a global undertaking of never-before-seen proportions in terms of cost and effort,  involving many interests and disciplines. 

[ In comparison: the Manhattan Project cost $33 billion in a 3-year project; Project Apollo cost $207 billion over 12 years; and according to the McKinsey Global Institute decarbonization by 2050 is estimated to cost $275 trillion (all in 2022 dollars). ]

To succeed in achieving our niche goals in energy storage safety, a shared effort in close collaboration with all stakeholders will be necessary over several decades.    CLICK




S A F E T Y  @  S C A L E

I N C O N C L U S I O N

I.  Take the first step now:

A. Develop codes and standards applicable to AT SCALE 
energy storage.

B. Perform an explosion and fire threat assessment AT SCALE 
on a representative long duration energy storage device.

II. To Be Determined (Contingent on I. above) 
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CLICK

I urge you to consider acting now.  CLICK

in developing  codes and standards specifically for AT SCALE energy storage, CLICK

and then in performing a thorough threat assessment AT SCALE on a planned typical “renewables plus storage” project replacing regional conventional generation and its delivery system.   CLICK

This drill will certainly provide direction and readiness by bringing to the forefront basic questions that need to be resolved now to meet the 2050 decarbonization challenge.  There is no need to try to jump directly to the finish line.  For now, just take this first step.
CLICK




T H A N K  Y O U
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Thank you again.
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