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Lithium-ion batteries & DRYcloud  
firefighting systems  

 

 
� Fire hazards and safety risks & provisions of the applicable German law 

(production, storage, retrieval, recycling, etc.) 

� Effective damage prevention and efficient firefighting using the example 

of the development of innovative DRYcloud systems based on an 

exemplary solution for the storage of lithium batteries  

� & electric vehicles, which have met with an accident, with multiple, 

cylindrical cell combinations for the accident assistance & rescue for 

vehicles with high voltage systems.  

 

By Tim Schäfer, executive shareholder, Envites Energy GmbH. 

Technical contribution, October 2017.  

 

 
 

 (This article reproduces excerpts from the lecture.  
   for more information, mail to: envites@envites.de).  
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Important note:  
 
Following content and information has a descriptive, representing character. In the 
opinion of the author, a concrete solution must always be planned, installed, supervised, 
etc. by our specialist planners and professionals.  
 
A concrete DryCloud system can only be designed and customised after the planning by 
our specialist planners. For DryCloud, we have applied for IP (industrial property rights) 
or they have already been granted. 
 
The author does not undertake any guarantee for the up-to-dateness, correctness and 
completeness of the provided information on (our) website(s) and in this article.  
 
Liability claims against the author, which are related to damages of material or  
ideational type, which are caused by the usage or non-usage of the presented 
information or through the usage of incorrect and incomplete information, are 
fundamentally excluded, provided that there is no  
case of evidenced wilful or gross negligence on the part of the author.  
 
All offers are non-binding and subject to change. The author expressly reserves parts of 
the pages of the entire offer or information without special announcement to change, 
amend, delete special notice or to cease publication temporarily or permanently. 
 
10th of October 2017, Tim Schäfer.  
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About the author 
 
At present, Tim Schäfer is the Managing Director of Envites Energy GmbH, whose 
service platform can be found on www.envites.de.  
 
Since 1990, he has been active in various positions in industry and research (including 
the Research Centre for Advanced Technology) relating to lithium ion batteries (since 
1993), and Walther-Nernst Institute.  In 1995, he generated the GAIA 
Akkumulatorenwerke in Nordhausen/Thüringen.  
 
In 2007, he switched to Li-Tec Battery in Kamenz/Saxony; served as company 
representative and Head of Strategic Coordination (R&D, HR, IP, M&A, Supply Chain). 
 
Early in 2013, he became active as the managing partner in the service provider to 
lithium-ion technology of Envites Energy.  
 
There are many references and lectures as well as more than 800 entries in the patent 
database as inventor or co-inventor.  
 
Tim is voluntarily active in many committees for lithium-ion batteries.  
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Fire hazards, safety risks & provisions 
 

Generally, the fire hazards and residual risks are well described and even 

documented to a great extent. In practice, however, one still encounters a lack 

of understanding many a times. This leads to insecurity, which is often 

unfounded. For, those who can clearly position themselves to dangers and risks 

by risk analysis, will also find logical measures for the application, 

transportation and production recycling or recovery.  

In the first instance, the author repeats that lithium-ion batteries, which are in 

line with quality requirements, stand for an extremely high degree of safety in 

transportation and application. Hence, so long as they correspond to the tested 

type and there are no defects (internal, external) even at the system level, or 

are damaged such that they could react dangerously. The latter may especially 

no longer be offered without a concerted action with the authority for 

transportation.  
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The possible dangers and risk moments must not be underestimated in any 

case.  

As per the author’s opinion, one should urgently and clearly distinguish, so to 

speak with regard to the dangers and risks, whether smaller 

batteries/quantities or bigger batteries/quantities are representational. For, 

the dangers must be then assesses accordingly. As differentiation criterion, the 

definitions are recommended from the UN testing manual (cf. 38.3), which can 

be found here: 

https://www.bam.de/_SharedDocs/DE/Downloads/befoerderung-

gefaehrlicher-gueter.pdf?__blob=publicationFile&v=5 

 

 

Owing to circumstances, apart from the actual energetic abreaction case 

(nominal capacity - x 12), even the results of a cascading reaction (fire 

propagation) are present.  

As early as 2016, the author mentioned fundamental things in the Vehicle 

Safety conference with the fire departments of Berlin, which should not be 

repeated here: 

http://www.fahrzeugsicherheit-berlin.de/cms/wp-

content/uploads/Schaefer_LiThium-Ionen-Technologie-Stand-und-Ausblick.pdf 

The developments in the battery industry primarily with the objective of the 

increase of energy and performance are implemented internationally with a lot 

of effort and expense and partly revolutionary results.  

From this, it can be assumed that this can be updated in the coming years. 

Complemented by completely new storage technologies in the secondary area 

such as solid state batteries or lithium-sulphur.  

Furthermore, it is remarkable that properties other than the pure size/quantity 

of the lithium batteries also play a significant role, for example, even the 



 
www.envites.de   

mail to: envites@envites.de  

 

LITHIUM-ION BATTERIES & DRYCLOUD TIM SCHÄFER ENVITES ENERGY GMBH 

 

8 

matter of the degree of filling with electrolytes, its type and composition. The 

degree of filling can relatively vary up to a quadruple. Insofar as a big moment 

of risk can be given.  

Not least, the other active materials determine diverse relevant properties, 

such as those related to the thermal stability and the reaction affinity of the 

materials. But even the actual structure of the cells with the design - are, in 

practice, of utmost importance in the electrodes/separator arrangement and 

other active or passive safety devices.  

Even the question of how the system behaves in case of overloading or 

mechanical deformation, internal short circuit, plating and the like. 

Different systems and arrangements show completely different properties, 

especially with respect to dangers and risks.  

Electrochemical power sources store chemical energy, which can be converted 

to electrical energy specifically for supply of consumers, if required. Besides the 

sourcing discharge reaction and the power-consuming loading reaction, even 

safety-relevant secondary processes can occur while handling the batteries. 

The author preferably suggests the DRYcloud extinguishing and neutralisation 

system for batteries, which are also used in electric vehicles consisting of 

multiple combinations of cylindrical cells up to 10Ah. Do you remember the 

reports from Switzerland about the accident of Richard Hammond (former Top 

Gear) with the electric sports vehicle 2017? The salvage company has been 

busy all night with an enormous water stream, in order to pacify this battery 

wreck. For a whole night, with a lot of water, which has also washed away all 

the dirt and grime, reaction products, etc.  

The partly high heat also led to the most massive steam formation and to 

peculiar side effects. 
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The VDA has represented risks, which arise from the HV problem.   

Lots of steam, fumes, jet flames, flash over and toxic respiratory poisons have 

been described especially in closed internal spaces and are dangerous.  

Even a great deal of water, several hundred cubic metres, lead to only very 

limited as well as to a good success in extinguishing and a minimisation of risks. 

However, experts often describe that water is in very big quantities is suitable 

for extinguishing these fires. The author has executed the mentioned 

disadvantages in the source mentioned above.  

The battery manufacturers are clearly more cautious here, if the water is an 

extinguishing agent for authentic battery fires/ small batteries. 

The leading lithium manufacturers always specify that special dangers HF 

(hydrofluoric acid � if water comes on to the electrolytes) or gases such as HF, 

carbon mono- & -dioxide can arise in massive quantities. � Poisonous, 

corrosive, gas mixtures capable of backfiring are generally when battery fires 

occur. Risk also in spreading.  
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One must distinguish this strongly, the batteries can burn out and spread 

internally, but this has nothing to do with the fact that even a packaging carton 

can burn from the outside. Fires can be accompanied by jets of flame and 

dangerous heat for a very long period of time and in a repeatedly intensive 

manner.  

Suitable for extinguishing are the following things specified by the battery 

manufacturer: 

Metal fire powder, dry sand for small fires (e.g. device batteries). 

Cf. Samsung SDI, Panasonic or Sony. 

Water is always suitable if incipient fires can be extinguished or cooled; if one 

comes near the battery cells, then a spreading can thus be prevented. 

Use of water in case of open battery fires can be dangerous, hydrogen 

generation, reaction acceleration (lithium graphite), steam expansion. This is 

valid especially if huge quantities are burning. In case of small batteries, CO2 is 

also enough for individual batteries (single cell battery), in my opinion.  

Generally, water-contaminating substances such as, e.g. polluted extinguishing 

water may not go into water bodies/channels. For systems that handle water-

contaminating substances, a Germany-wide regulation applies since 01.08.2017 

(Ordinance for Handling of Substances Hazardous to Water, (AwSV)). 

 

Regulations for retention of extinguishing water are mentioned under § 20 

“Retention of fire events”: “Systems must be planned, constructed and 

operated such that the water-contaminating substances, extinguishing water, 

sprinkling water and coolants occurring in case of fire events as well as the are 

combustion products with water-contaminating properties are prevented in 

accordance with the generally accepted rules of engineering...”. This must soon 

be refined including an annex to the AwSV.  

 

Furthermore, the following regulations are still expedient in connection with 

the question: 
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Guidelines for disaster prevention of the German property insurer (Association 

of Insurers (VdS) 2557) 

Extensive regulation even in consideration of substances, which are not 

classically classified as water-contaminating (food, building materials, etc.),  

detailed calculation methods for determination of the retention quantities 

(provision of calculation tool), 

no limit to storage systems, 

 

Guidelines for retention of extinguishing water by the Association of the 

chemical industry 

Only regulates the systems outside the regulatory area of the Extinguishing 

Water and Restraint System Directive (LöRüRL), 

Treatment of substances atypically classified as water-contaminating (bio-

material, explosive material, medicines, crop protection, etc.), 

calculation of retention quantity via duration of retention, usage of 

extinguishing agents and size of fire compartment,  

Guidelines of the countries (e.g. Hessen) 

created in Hessen primarily for the law enforcement authorities, 

or primarily for system operators, 

technical rules for handling with water-contaminating substances 

Technical Rule for Substances Harmful to Water (TRWS) 785 Guidance for 

determination of the retention power until the effective date of appropriate 

safeguards 

Technical rules for hazardous substances, 

Technical Rule for Hazardous Substances (TRGS) 509 and 510 Requirements 

concerning the storage of hazardous substances, 

TRGS 800 preventive fire protection (on the lines of occupational safety).  
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Metal fire extinguishers or even sand Is recommended for extinguishing fire, 

under the instruction that even lithium- or -mixed oxide must never be 

extinguished with water. Metal fire extinguishers (D) are recommended even 

for lithium-ion battery. (Smaller batteries/quantities).  

The special feature of metal fires, which has led to the creation of a particular 

fire class, is the extraordinarily high temperature that is reached in the process.  

A temperature of at least 1000 °C must be expected in case of most metal fire, 

light metals burn at 2000-3000 °C. These high temperatures trigger chemical 

reactions that do not correspond to our usual experiences as they cannot lapse 

in lower temperatures at all. One can thus experience extremely unpleasant, if 

not life-threatening, surprises.  

The author does not only want to determine this for lithium, but also for the 

mixed oxide, if necessary. In any case, for fire temperatures of 1500 C, around 

0.2 % of the water is already broken down due to the warmth.  

Several light metals (with a thickness smaller than 5 kg/dm³) react in case of 

contact with water even under formation of hydrogen gas (H2), that forms a 

highly explosive oxyhydrogen mixture with the available oxygen in the air on its 

part and is mostly ignited through the warmth arising during the reaction. The 

element lithium also belongs to this group.  

It is surely correct that any metallic lithium is not present initially in lithium 

ions, but often only as long as damages or defects have developed.  

Possibly as an consequence that gas bubbles prevent the intercalation and 

lithium metal dendrites can also formation.  

 

Water,  

- strongly reacts with some chemical substances, 

- suddenly vaporises at high temperatures, which can lead to visibility problems 

and scalding and brings about an increase in pressure in the furnace, 

-is electrically conductive and 

- is generally suitable for burning fluids. 



 
www.envites.de   

mail to: envites@envites.de  

 

LITHIUM-ION BATTERIES & DRYCLOUD TIM SCHÄFER ENVITES ENERGY GMBH 

 

13 

 

In closed spaces, for instance, water would evaporate due to the usually 

confined space conditions under high pressure (1 litre water results in 1,700 

litre steam). 

Water may not be used for burning metals/oxides, mixtures, as the enormous 

heat would chemically split the water - the contained oxygen would fuel the 

fire explosively and burn the hydrogen; it could potentially even result in the 

formation of highly explosive oxyhydrogen through the mixing of hydrogen 

with atmospheric oxygen. 

The prevalent opinion that the main risk is related to the oxyhydrogen 

formation, is not applicable. But: Hot light metal/lithium graphite l = reducing 

agents → SpliTng of water molecules → exothermic redox reacUon light metal 

+ oxygen). 

 

The DRYcloud solution 
cools extremely, up to 20 times the cooling with water.  

DRYcloud arrives at conditions of up to 1:1000, i.e. a significant saving of 

material, which also does need not to be intercepted and purified again. High 

temperature stability by itself.  

As executed above in the test results, the quick extinguishing effect is effective, 

whereby the structures and other goods remain unchanged throughout.  

Corrosion, no flash-over, smoke is encapsulated. If necessary, hydrogen as well.  

Collateral damages are thus avoided and the object is back to its usable form 

relatively quickly. Forms a cloud that remains stable for a long time.  

The DRYcloud reworks actively, during the process: For the DryCloud generator, 

the height at which it is attached is irrelevant. It produces in the area 

containing smoke, but also in foam. 

So to speak, it also repeatedly condenses the foam that is already produced. 
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DRYcloud main principle: Smoke filled air turns into smoke-filled foam without 

pressure buildup! 
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We currently deliver container solutions for electric sports vehicles or batteries 

that have had an accident. With the DRYcloud system, sensor unit and control 

of the system. Discreet so far. But, initial solutions now exist to implement this 

independent and self-sufficiently in a containment. As relatively big 

components are currently in use, we are working on the miniaturisation with 

the objective of innovating such DRYcloud systems.  
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Same EV battery, same experimental arrangement. In comparison with all 

tested extinguishing agents, the DRYcloud experimental arrangement (see 

below) was the most efficient here. Extinguished in a second, only 18 seconds 

duration, less material, hardly any waste water! No spreading and the lowest 

loss of mass. 
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Overview results:  

 

 

 

 



 
www.envites.de   

mail to: envites@envites.de  

 

LITHIUM-ION BATTERIES & DRYCLOUD TIM SCHÄFER ENVITES ENERGY GMBH 

 

20 

 

 

 

 

 

 

A DRYcloud system is excellent for the batteries. It manifests a relevant, 

beneficial solution, compliant, sustainable, secure, a solution for our energy 

society of the 21st century.  
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Annex  
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The End.  


