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A successful decarbonization of the glass industry requires reliable framework con-

ditions under consideration of technological limitations. 

The German glass industry faces the key challenge of making its production climate-neutral 

by 2045. Companies are continuously investing in new technologies, exploring alternative en-

ergy sources, and working to avoid CO₂ emissions as much as possible. 

At the same time, we must recognize that the options for action are limited by the physical 

and process-related conditions of glass production. The central melting process is continuous, 

high-temperature dependent, and extremely sensitive to fluctuations. Technical limitations 

mean that short-term load shifts or flexible electricity use are generally not possible without 

compromising product quality or the service life of the equipment. 

This study on Energy Flexibility in the German Glass Industry makes it clear that the industry is 

striving for decarbonization—but to achieve this, it needs reliable political framework condi-

tions that recognize its technological realities. Blanket requirements for industrial flexibility or 

the complete elimination of existing grid fee privileges could be counterproductive because 

they make more environmentally friendly options such as electrification uneconomical. 

We hope that this study will contribute to a more nuanced understanding—and to ensuring 

that the transformation of the glass industry remains feasible and future-proof. 

Christiane Nelles 

Managing Director, BV Glas 

September 2025 

Preface 
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 Executive Summary 6 

The reason for the study is the planned expiry of the so-called ‘band load regulation’ on 1 January 2026, which rep-

resents a reduction in grid fees for electricity-intensive end consumers. A transition period until 31 December 2028 

applies to end consumers. The ‘band load regulation’ encourages end consumers to consume electricity as consist-

ently as possible. With an annual electricity consumption of over 10 GWh and at the same time over 7,000 full-load 

hours (FLH), a discount of up to 80 % on grid fees is applied. A planned revision of grid fee privileges, among other 

things to integrate fluctuating renewable electricity generation into the energy system, is intended to activate en-

ergy flexibility potential and incentivize flexible, grid-friendly electricity consumption. 

To answer the question of whether and to what extent the glass industry can provide such energy flexibility poten-

tial, this study examines the processes of glass production in the status quo and provides an outlook on future de-

velopments, taking into account possible transformation paths. To this end, interviews and on-site visits with con-

tainer glass manufacturers and glass producers are being conducted. 

Glass production is characterized by continuous, energy-intensive and temperature-sensitive processes. The ther-

mal equilibrium of the glass melts is essential for product quality. Adjustments to the process parameters usually 

lead to production rejects, which severely limits the energy flexibility potential. The foreseeable decarbonization of 

the industry will primarily take place through electrification using all electric or hybrid melting furnaces. These sig-

nificantly increase electricity demand without creating any new relevant flexibility potential. Hybrid furnaces theo-

retically offer scope for varying the electricity-gas ratio, but these adjustments are technically complex, time-con-

suming and only feasible in the long term, as well as associated with risks to efficiency and service life. Energy 

storage systems such as battery systems could enable flexibility outside the core process, but they are challenging 

in terms of economics and infrastructure. 

Regulatory incentives to activate an energy flexibility potential can only be effective if they take into account the 

technical limitations of glass production. Continuous, efficient, high-quality and economically viable production 

remains the top priority. The individual location- and product-specific requirements of manufacturers must be 

taken into account in the design of network fee systems. 

Executive Summary 
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 Key Findings of the Study 

 

Diversity in glass manufacturing 

Each location and each product in the glass industry has its own highly individual requirements and 

conditions for achieving the desired product quality. It is particularly important to distinguish between 

the individual sub-sectors of flat glass, hollow/container glass and speciality glass. 

 

Technical reasons: Low energy flexibility potential in the manufacturing process 

All glass production processes must run continuously in order to maintain the set thermal equilibrium 

in the process and thus the desired product quality. Changes to the process have a direct impact on 

product quality and usually lead to production rejects. Due to the thermal inertia in the process and 

the sometimes long dwell times in the melt, it takes several days to weeks to adjust operating points 

and obtain a usable product that meets quality requirements. 

 

Decarbonization: Rising electricity consumption, consistently low energy flexibility potential 

The decarbonization of the glass industry is based primarily on increased electrification, either through 

all electric or hybrid melting furnaces. Both technologies significantly increase the electricity consump-

tion of production sites. However, the processes must continue to be operated continuously and with-

out significant energy flexibility potential in order to maintain product quality. The elimination of band 

load privileges makes electricity procurement considerably more expensive and, especially in the case 

of hybrid melting tanks, means that the use of fossil natural gas is the more economical option. The 

goal of decarbonization should be prioritized and supported by appropriate incentives, including in 

the grid fee system. 

 

Flexibility vs. efficiency, service life and economic utilization 

Adjustments to the operating points of the melting tank usually take hours to days, and in some cases 

weeks. Each adjustment is associated with product waste and reduces the lifetime of the melting tanks 

and, in some cases, the transformers. In order to operate a melting tank economically, it must be con-

tinuously utilized under full load for as long as possible. Any adjustment of the operating point also 

reduces the energy efficiency of the melting tank. Hybrid melting tanks in particular are designed for 

maximum efficiency, both in terms of their tank size for the planned number of electrodes and in terms 

of the size of the top furnace for the associated gas flame, in accordance with an optimum operating 

point. 

 

Costs and economic risks in electricity procurement 

The costs incurred by the elimination of baseload privileges cannot be offset by alternative revenue 

opportunities, such as conceivable marketing on the control energy market. The technically feasible 

energy flexibility potential for providing the corresponding power is too low for this. In addition, base-

load supply is often secured several years in advance through long-term electricity purchases, depend-

ing on the risk appetite of glass producers, in order to hedge against price risks, with only a small por-

tion being procured at short notice via the spot market. In order to be able to react to price signals, 

electricity procurement would have to be more strongly oriented towards the spot market, which 

would lead to a greater risk of dependence on short-term price fluctuations. Since the processes must 

be operated continuously and do not offer any relevant energy flexibility potential, electricity would 

then also have to be purchased even if prices were high in the short term. 

1 

2 

3 

4 
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 Motivation for the Study and Regulatory Framework 8 

Due to the increasingly fluctuating generation 

of renewable energies, energy flexibility in the 

electricity system is becoming increasingly im-

portant Therefore, regulatory incentives are in-

tended to unlock industrial energy flexibility po-

tential, but they must also take into account 

process-specific technical conditions. 

As an energy-intensive industry, the glass industry cur-

rently benefits from grid fee privileges that encourage 

consistent electricity consumption. However, glass 

production is based on a continuous production pro-

cess with no obvious potential for energy flexibility. In 

order to take the technical requirements of the glass 

industry into account when revising the network fee 

privileges, this short study provides an objective and 

technically well sound assessment of the current and 

future energy flexibility potential in the glass industry. 

The study considers the various similarities and differ-

ences between individual locations and product 

branches, such as flat glass hollow/container glass, and 

speciality glass. 

1.1 Objective and Methodology of 
the Study 

The study aims to provide a comprehensive assess-

ment of the current energy flexibility potential in the 

status quo, as well as an outlook for the target year of 

German climate neutrality in 2045. This will take into 

account the corresponding transformation options. 

Initially, statistical sources, industry and association as-

sessments [1], and scientific studies such as [2], [3], and 

[4] are used. 

Secondly, practical experience and expertise are incor-

porated. In order to do so, five different glass produc-

ing companies from the flat glass, container glass, and 

specialty glass sectors are interviewed as part of the 

study, and some of the processes will be inspected on 

site.  

The glass melting tank is the core component of glass 

production and the most energy-relevant process step. 

For this reason, the three relevant German glass tank 

manufacturers were also interviewed. 

This final report first provides an overview of the reg-

ulatory framework with regard to energy flexibility, the 

status quo of energy consumption, and the currently 

possible load flexibilities in the glass industry. The find-

ings from the practical interviews form the main part 

of the analysis. Finally, there is an outlook for the year 

2045 and the impact of possible transformation path-

ways on energy flexibility potentials. 

1.2 Regulatory Framework 

Currently, electricity customers pay grid fees as the 

charge for using the electricity grids and for the provi-

sion of a contractually agreed connection capacity by 

the grid operators. These fees are initially independent 

of distance and, for industry, generally consist of a 

working price (cents per kWh) and a capacity price 

(cents per maximum kW consumed). 

Exceptions are regulated by special grid fees, which 

can be granted either to take account of special cir-

cumstances or to encourage certain consumer behav-

iour. The Electricity Grid Fee Ordinance (Stromnetz-

entgeltverordnung, StromNEV) [12] currently contains 

two such special grid fees for industry and commerce 

(§ 19 (2) StromNEV), which create opposing incentives 

for grid usage: The so-called band load and atypical-

ity. In 2024, these special grid fees resulted in savings 

of over €1 billion for all affected companies in Ger-

many [13]. This relief is passed on as additional costs 

to other grid users. 

Band load (electricity-intensive grid usage) 

Electricity-intensive end consumers with a constant 

electricity consumption receive a reduction in grid fees. 

This regulation applies to annual electricity consump-

tion of over 10 GWh and, at the same time, over 7,000 

full-load hours (FLH). Full-load hours are calculated by 

dividing annual electricity consumption by peak load. 

A discount of up to 80 % on grid fees is applied at a 

minimum of 7,00 FLH. This regulation is therefore often 

referred to as the "7,000 h regulation". Further dis-

counts apply at 7,500 FLH(up to an 85 % discount) and 

8,000 FLH (up to a 90 % discount). The aim of this reg-

ulation is to encourage a constant base load consump-

tion among electricity-intensive end consumers and 

thus ensure grid stability in the current energy system. 

1 Motivation for the Study and Regulatory 

Framework 
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Continuous consumption reduces the feed-in from 

base load power plants, providing the operators with 

planning security for expected consumption. 

Atypicality (atypical grid usage) 

Atypicality creates an incentive for energy flexibility. 

The aim is to limit the necessary grid dimensioning and, 

consequently, grid costs. The simultaneous annual 

peak load of all connected consumers is decisive for 

grid design. The atypicality regulation therefore in-

cludes grid fee reductions for end consumers, if they 

shift their individual annual peak load significantly out-

side one or more typical time windows per season, dur-

ing which the simultaneous annual peak load of all 

withdrawals from the grid occurs . These peak load 

time windows must be determined separately by each 

grid operator and each grid or transformation level. 

This can reduce grid fees for end consumers by up to 

80 %. 

1.3 Key Issues Paper from the Federal 
Grid Agency 

On July 24, 2024, Decision Chamber 4 of the Federal 

Grid Agency (Bundesnetzagentur, BNetzA) published 

the "Key points paper on the further development of 

industrial grid fees in the electricity sector" [13]. This 

paper outlines the reasons for, key background infor-

mation on, and objectives of a new regulation of spe-

cial grid fees. These are summarized below. 

The BNetzA originally intended, among other things, 

to phase out the band load regulation on January 1, 

2026. At the same time, the general network fee system 

(Allgemeine Netzentgeltsystematik, AgNes) is also be-

ing reviewed. The aim is to create a long-term effective 

regulation that meets the requirements of the energy 

transition and provides companies with a permanent, 

reliable basis for planning the investments required to 

convert their production processes. The necessary ad-

justments for consumers are to be made possible 

within sufficient regional and industry-specific transi-

tion periods. As described below, contrary to the orig-

inal announcements, the revision of the special grid 

fees will be integrated into the AgNes process. 

The reason for the new regulations is the change in 

requirements in the energy system, particularly in 

electricity generation, as a result of the energy transi-

tion. Increasingly fluctuating electricity generation 

from renewable energies is leading to rising costs for 

grid expansion, balancing energy, and congestion 

management. These systemic overall costs can be re-

duced by dynamic responses from consumers 

(especially electricity-intensive industrial companies) 

on to the prevailing feed-in situation. 

In particular, the band load criteria currently prevent 

energy-intensive end consumers from becoming more 

flexible, as flexible electricity procurement jeopardizes 

the achievement of the "7,000 h limit." Abolishing the 

band load criterion would, in return, enable flexible 

consumers to generate additional income, for example 

by participating in the balancing energy market. 

Atypicality is also no longer an effective tool for reliev-

ing the grid in networks with a high proportion of re-

newable energy feed-in, as generation is shifting away 

from base load power plants toward PV and wind en-

ergy with daily to seasonal fluctuations and generation 

peaks, and electricity demand should increasingly be 

geared toward generation. 

The planned new regulation is intended to create tar-

geted incentives to achieve positive effects for the in-

tegration of renewable energies and system-friendly 

behavior on the part of users. 

This also requires the implementation of European and 

national legal requirements for the design of grid fees. 

In particular, two principles must be taken into account 

when designing a new special grid fee regulation: 

• Cost orientation:  

Grid fees should both reflect the costs of grid 

operation and contribute to the overall efficiency 

of the grid through price signals. 

(Art. 18(1) subparagraph 2 sentence 1 of Regula-

tion (EU) 2019/943) 

• Promotion of energy efficiency: 

Grid fees must lead to the efficient and sustaina-

ble use of available energy. In particular, curtail-

ment of renewable energies should be avoided 

and market integration of renewable electricity 

should be encouraged.  

(Art. 18(2) sentence 1 of Regulation 

(EU) 2019/943,  

Art. 27(7) of Directive (EU) 2023/1791,  

§ 21(2) sentence 6 of the Energy Industry Act 

(EnWG), Art. 194(1)(c) of the Treaty on the Func-

tioning of the European Union (TFEU)) 

However, the final design and implementation of new 

incentive mechanisms also depends on the technical 

capabilities of end consumers in industry to forecast 

volume and price developments and then respond 

flexibly to them. The market signal for this is to be 

strengthened. At the same time, the actual and future 

energy flexibility potential of individual consumers is 

to be taken into account and realized.  



 

 Motivation for the Study and Regulatory Framework 10 

It is particularly relevant here that flexibility efforts are 

significantly more challenging for production-related 

band load consumption than for other usage patterns. 

In order to take consumer circumstances into account 

in practice, the BNetzA is calling for comments on the 

redesign of special network charges. Key questions 

have been provided for this purpose. The questions fo-

cus on current production processes and develop-

ments over the next five to ten years. They are divided 

into three subject areas: 

Quantity potentials 

• How long will the ramp-up and ramp-down peri-

ods take? 

• What is the volume of the residual load that can 

be used flexibly? 

• Can the share of residual load in the various in-

dustrial sectors be increased and, if so, to what 

extent? 

Predictability of price fluctuations 

• To what extent are various industrial sectors al-

ready responding to electricity exchange prices 

in terms of residual loads? 

• What methods are used to forecast price devel-

opments and how reliable are they? 

• How is the potential  assessed for increasing the 

reliability of forecasts in the coming years? 

• What level of granularity can be achieved in 

terms of flexibility? Can a response be imple-

mented on a quarter-hourly basis (intraday 

prices)? 

Flexibility processes 

• What measures are necessary to achieve maxi-

mum flexibility in processes? 

• What costs are associated with such measures? 

• How long will these measures take? 

Course of the discussion 

The interim report of this study, published in Septem-

ber 2024, formed an initial scientific basis for the re-

quested statement. 

In July 2025, the Federal Grid Agency (BNetzA) sus-

pended the transfer of the determination procedure 

for industrial grid fees to the separate Decision Cham-

ber 4. Instead, the issue is to be integrated into the 

framework determination for the general electricity 

grid fee system (AgNes). To this end, a separate hear-

ing on industrial grid fees is planned within the pro-

cedure. The draft determination is planned for the 

end of 2026.  
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Load flexibility is divided into load reduction, 

load increase, and load shifting. Various energy 

flexibility measures are available to industrial 

companies for this purpose. The intersection of 

economic and practically usable energy flexibil-

ity potential results in the actual realizable po-

tential, which can then be tapped into. 

According to the Association of German Engineers 

(Verein Deutscher Ingenieure, VDI) definition, energy 

flexibility is "the ability of a production system to 

adapt quickly and efficiently to changes in the energy 

market. Product quality must remain unchanged." [5] 

The resulting load change is considered to be a 

change in the power consumed compared to refer-

ence operation [6]. Three options for load flexibility 

can be identified (see Figure 2-1), which are also re-

ferred to as Demand Side Management (DSM) : 

• Load reduction: Reducing the power consumed, 

e.g., by temporarily shutting down machines. 

• Load increase: Increasing the power consumed, 

e.g., by increasing the production volume (with 

temporary storage if necessary) and 

• Load shifting: Adjusting production times so 

that load increase and reduction are carried out 

directly after each other and the effects of both 

sub-measures thus compensate each other with-

out resulting in a total loss of production. 

 

Examples of flexibility measures include changing en-

ergy sources (hybridization), energy or product (in-

terim) storage, changing the production sequence, or 

interrupting processes. 

In order for energy flexibility potential to be tapped 

into and made available to the market, the associated 

energy flexibility measure must be technically feasible, 

practicable in practice, and economically viable from a 

business perspective. [7] 

As already described in the previous chapter, flexible 

adjustment of electricity demand will become increas-

ingly necessary in the future in order to avoid grid in-

stabilities. The increased fluctuation in renewable en-

ergy generation can lead to imbalances in the power 

grid. Flexible electricity consumption that is adapted to 

generation helps to maintain the balance between 

generation and consumption. This ensures the stability 

of the power grid. Other positive effects of industrial 

energy flexibility can include: 

• Cost optimization from the end consumer's 

perspective by purchasing electricity at times 

when prices are lower 

• Increased security of supply through flexible 

adjustments to grid fluctuations to prevent over-

loads, and 

• integration of renewable energies into the en-

ergy system by purchasing electricity at times 

when there is a large amount of renewable gen-

eration available. 

 

2 Fundamentals of Industrial Energy 

Flexibility 

 

Figure 2-1: Schematic representation of energy flexibility options (own illustration, FfE). 
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The energy-intensive glass industry is divided 

into the production of flat glass, hollow/con-

tainer glass, and specialty glass. While the spe-

cific production processes vary from site to site, 

the melting process is the most energy-inten-

sive step in all of them. 

The glass industry comprises around 400 companies in 

Germany and is one of the country's most important 

industrial sectors. With around 54,000 employees, it is 

one of the largest sectors in the industry. In 2024, the 

German glass industry achieved a turnover of approxi-

mately €11.3 billion (2023: €12.3 billion € ) [14]. 

 

The glass sector is characterized by a wide range of 

products and numerous fields of application, which re-

sult in a heterogeneous structure. The product portfo-

lio includes container glass for food and cosmetics, flat 

glass for the building sector, and special and utility 

glass. The subdivision of the glass industry, for example 

based on production indices (Figure 3-1), shows that 

the various sub-sectors develop independently of one 

another and must be considered separately. 

Approximately 6.7 million tons of glass are produced 

in Germany each year, with the largest share accounted 

for by the container glass industry (approx. 3.8 million 

tons per year), followed by the flat glass industry (ap-

prox. 1.8 million tons per year). 

3 Status quo of the Glass Industry 

 

Figure 3-1: Production index of the glass industry and related sub-sectors over the past ten years. 
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Although the specialty and utility glass sector accounts 

for only a small proportion of total production in terms 

of volume, at around 0.3 million tons per year, it is an-

other key sub-sector of the glass industry due to the 

relevance of the products manufactured and the high 

added value. [14] 

Due to the heterogeneous product groups, very differ-

ent production technologies are used in these three 

key sub-sectors, which further exacerbates the chal-

lenge of decarbonization. In order to develop a decar-

bonization strategy for the German glass industry, the 

sub-sectors of container glass, flat glass, and specialty 

and utility glass were therefore examined and analyzed 

separately. [1] [15] 

The Manufacturing Process 

The basic steps of glass production (see Figure 3-2) are 

the same in all sub-sectors. First, a mixture of raw ma-

terials (including quartz sand, soda, lime) and cullet is 

prepared. This is then melted in a melting furnace in 

the most energy-intensive step of glass production. 

Here, the raw materials are liquefied into glass and 

then purified to remove impurities and produce a uni-

form glass mass. Depending on the type of glass pro-

duced, this process accounts for around 60 to 80 % of 

the total energy required in glass production, which is 

currently still almost exclusively covered by fossil fuels. 

Measures aimed at tapping into relevant energy flexi-

bility must therefore focus primarily on the melting 

process. 

The melting process is followed by further production 

steps, which are referred to as downstream processes. 

These include, for example, shaping the glass, temper-

ing (a heat treatment to increase strength), or cutting 

and finishing the end product. Although fossil fuels are 

still used in these steps, the energy requirements are 

significantly lower than in the melting process, and 

electrification of these areas can be implemented with-

out major technological hurdles. 

 

Figure 3-3: Final energy consumption of the sub- 

ranches  in the glass industry (2023) [11]. 

Energy demand 

The energy requirements of the glass industry 

(WZ 23.1: Manufacture of glass and glass products) 

amounted to 16.9 terawatt hours (TWh) in 2023, ac-

counting for approximately 3 % of the total energy re-

quirements of the industrial sector [16]. Natural gas re-

mains the most important energy source in glass 

production, followed by electricity (see Table 3-1) [11]. 

The majority of the energy, up to 85 %, is required for 

the heat supply. The high process temperatures re-

quired for glass production are the reason for the very 

high energy demand. Almost 90 % of the processes re-

quire temperatures above 500 °C, with the tempera-

ture in the melting furnaces, which form the heart of 

glass production, ranging between 1,400 and 1,650 °C. 
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Figure 3-2: Simplified process diagram of glass production. 
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The specific energy requirements for glass production 

vary greatly and depend largely on the length of time 

the glass spends in the production process, especially 

in the furnace. Depending on the length of time, en-

ergy requirements can increase up to fourfold. This il-

lustrates the complexity and challenges associated 

with efficient energy use in the glass industry. 

The production of hollow glass accounts for the largest 

share of energy consumption (47 %), followed by the 

production of flat glass (24 %) (see Figure 3-3). 

To increase efficiency, state-of-the-art heat recovery 

measures are used in all glass furnaces. This is possible, 

for example, via steam turbines up to a temperature of 

400 °C or through regenerative preheating of the com-

bustion air. Nevertheless, natural gas is currently the 

dominant energy source, especially for large melting 

furnaces. All electric furnaces, which are becoming in-

creasingly important as an alternative technology, are 

currently used more for smaller production volumes or 

smaller furnace sizes, as they are currently less efficient 

on a large scale and have limited melting capacity. Hy-

brid furnaces are powered by both natural gas and 

electricity. 

Electrification – status quo 

All electric melting furnaces are already used in the 

glass industry, especially for smaller production capac-

ities (up to 50 tons per day) for cosmetic and specialty 

glass.   In the container and flat glass industry, a pro-

cess known as "boosting" is used, in which 5 to 15% of 

the melting energy is additionally supplied electrically 

via electrodes in order to increase production capacity 

and improve glass quality. Due to the higher cost of 

electricity compared to natural gas, electric melting has 

so far only been used for special types of glass. All elec-

tric furnaces have limited melting capacity. Large melt-

ing furnaces for container and flat glass cannot there-

fore be heated purely by electricity . [3] [1] [15] 

 

Table 3-1:  Energy carrier use in the German glass in-

dustry in 2023. [11] 

Energy  

carrier 

Absolute 

energy con-

sumption 

Relative 

share 

…of which 

for heat 

generation 

Natural 

gas 
12.2 TWh 72 % 

50 - 85 % 

Mineral oil 

products 
0.8 TWh 5 % 

Electricity 3.8 TWh 22 % 

Other 0.1 TWh 1 % 

Total 16.  TWh 1     5  – 85   
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The transformation of the glass industry is pos-

sible through the electrification of melting fur-

naces, the use of green hydrogen, or a hybrid 

use of both energy sources. All transformation 

paths lead to higher electricity consumption by 

glass producers. 

The BV-Glas roadmap "Glass 2045 – Decarbonization 

of the Glass Industry" (original: „Glas 2045 – Dekarbon-

isierung der Glasindustrie“) [1], published in 2022, 

shows three greenhouse gas reduction paths in addi-

tion to a reference path (business as usual): 

• an electrification scenario, 

• a hydrogen scenario, and 

• a hybrid scenario. 

In the reference path, the share of furnace technolo-

gies in total glass production remains unchanged, 

while in the electrification scenario there is a shift to 

predominantly all electric furnaces and in the hydro-

gen scenario to hybrid H₂-furnaces (Figure 4-1). 

 

Figure 4-1: Share of melting furnaces in the transfor-

mation paths of the BV Glass Roadmap [1]. 

For the target year 2045, energy consumption in the 

reference scenario is 14.0 TWh/a, of which approxi-

mately 1.9 TWh/a is attributable to electricity. The 

three transformation paths considered (see Table 4-1) 

all achieve lower total energy consumption, ranging 

from 9.5 TWh/a in the electrification scenario to 12.2 

TWh/a in the hydrogen scenario. However, electricity 

consumption rises sharply in all transformation paths. 

In the hydrogen scenario, it amounts to 4.3 TWh/a, and 

in the electrification scenario, it is as high as 8.7 TWh/a. 

 

Table 4-1: Annual energy and electricity consumption in 

2045 in the scenarios of the BV Glass Roadmap [1]. 

Scenario 
Energy  

consumption 

… of which 

electricity 

Reference 14.0 TWh/a 1.9 TWh/a 

Electrification 9.5 TWh/a 8.7 TWh/a 

Wasserstoff 12.2 TWh/a 4.3 TWh/a 

Hybrid 10.7 TWh/a 8.3 TWh/a 

 

It is clear that electricity consumption in the glass in-

dustry will increase significantly in all of the transfor-

mation paths considered. Ensuring the availability of 

renewable energy sources, especially electricity, is 

therefore one of the recommendations for action in 

the roadmap. To achieve this, the energy infrastructure 

must be expanded and electricity must be available 

economically and continuously. The consideration of 

energy flexibility options or new energy flexibility po-

tentials through transformation is not part of the 

roadmap and should therefore also be considered be-

low from the perspective of the transformation path-

ways presented. 
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Further research activities relating to energy 

flexibility in the glass industry 

As part of the Kopernikus SynErgie project, which is in-

vestigating the flexibilization of energy-intensive in-

dustries [2], there is also a satellite project in the glass 

industry. As part of the DisConMelter research project, 

an electric glass manufacturing process of the same 

name was developed that makes it possible to produce 

container glass whenever there is a surplus of electric-

ity in the grid. The DisConMelter is an electrically pow-

ered melting tank designed to make glass production 

more flexible. The system consists of three modules: In 

the first module, glass is melted when there is surplus 

electricity in the grid. The molten glass is fed into mod-

ule 2, a glass storage tank that can store the liquid 

glass with low energy loss. The storage facility is en-

ergy-flexible, meaning it can be operated with chang-

ing loads . Finally, module 3 takes over the further pro-

cessing of the glass into end products. The modular 

design has two advantages: more flexible energy use 

for grid stabilization and the possibility of reducing 

night and weekend shifts through temporary produc-

tion interruptions. The process was set up and oper-

ated on a small scale in a test module at the Deggen-

dorf Institute of Technology. The project was 

completed in 2019. No further developments towards 

market maturity are known. 

In the FlexMelter [17] from Nikolaus SORG GmbH, a ce-

ramic wall between the batch and the melt is also in-

tended to separate the processes. However, in practice, 

the furnace design proved to have a very short service 

life, and stones detaching from the partition wall in the 

product compromised the required quality. Therefore, 

no return of the FlexMelter is currently foreseeable. 
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Glass production is a diverse, complex process 

with individual, site-specific requirements. After 

changing process parameters, it often takes sev-

eral hours to days for a new thermal equilibrium 

to be established. It then takes another few 

hours to days before the product can be manu-

factured to the required quality. Energy flexibil-

ity options  are therefore very limited in terms 

of process technology and cannot currently be 

exploited on a relevant scale. 

The expertise and perspectives of practitioners were 

gathered in online interviews and on-site process in-

spections. These included glass furnace manufactur-

ers as well as flat, specialty, and container glass 

producers. The initial focus was on the status quo of 

the glass industry and possible energy flexibility po-

tentials that have not yet been tapped. Possible de-

velopment paths were also considered in order to 

provide an outlook on future technologies. 

5.1 Perspective of Glass Furnace 
Manufacturers 

The glass melting furnace manufacturers interviewed 

are all companies with over 100 years of tradition and 

experience, offering a broad product portfolio of 

glass melting furnaces. These furnaces should gener-

ally meet three criteria:  

• They must be as durable as possible and re-

sistant to the high temperatures and aggressive 

components of the molten glass, 

• they must enable glass producers to manufac-

ture glass products with the required high qual-

ity and purity, and 

• they must be as energy-efficient as possible to 

enable economical production. 

To this end, modern furnaces are equipped with a va-

riety of monitoring systems that enable precise con-

trol of the melting conditions. 

 

5.1.1 Glass Furnaces in the Status quo 

In the status quo, five types of furnaces are primarily 

used for glass production, which are similar in the port-

folios of all manufacturers.  

Four of these furnace types are fired with natural gas. 

The flame burns above the raw material mixture, which 

is melted from above. All of these furnaces can be elec-

trically supported by additional electrodes that heat 

the mixture from below. This process is known as 

boosting and has been used primarily for tonnage ad-

justments. Depending on the furnace and product type, 

boosting can achieve an additional energy input of ap-

proximately 5 to 25 % (in individual cases up to 40 %). 

Higher electricity shares require a special hybrid fur-

nace design (see below). For some product types, 

boosting is not possible. 

• The regenerative end fired furnace is the most 

widely used type of furnace in the container glass 

industry. It is characterized by its very compact 

design. Natural gas is blown into the furnace at 

the front end via burner lances, and preheated air 

is blown in via a burner neck located above the 

burner lances. The resulting flame is deflected at 

the other end of the furnace and burns in a U-

shape. The exhaust gases are led out of the com-

bustion chamber via the second burner neck. The 

burners used for firing are used alternately and 

replaced every 20 to 25 minutes, whereby the 

flame direction is reversed each time. The hot ex-

haust gases are used via regenerators to preheat 

the combustion air. Provided there is sufficient 

space and the products allow it, these furnaces 

can be prepared for retrofitting with electrodes 

during cold repairs (according to the manufac-

turer, every 15 to 20 years for flat glass produc-

tion or every 12 to 15 years for container glass 

production) and then operated with a maximum 

of 20 % electricity. Partial electrification is limited 

because as the electrical heat input increases, the 

required flame temperature decreases until the 

flame would no longer circulate hot enough 

across the entire furnace area. Retrofitting electri-

fication increases the temperature and affects the 

flow convection in the melt, which can lead to in-

creased corrosion of the furnaces. 

5 Key Findings from the Interviews 
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• The regenerative cross fired furnaces are also 

operated with an air-natural gas mixture. By ar-

ranging the burners along the side in the direc-

tion of flow, larger heating zones and thus higher 

melting capacities of around 1,000 to 1,200 tons 

per day can be achieved. Both types of regenera-

tive burners must be started up and shut down 

slowly  in order to achieve the desired thermal 

equilibrium in the melt. 

• Recuperative furnaces are also based on natural 

gas combustion with air, predominantly with a 

side burner arrangement, and have lower capaci-

ties than regenerative cross-heated melting fur-

naces. Instead of regenerators, double-jack-

eted/split or tube bundle recuperators are used 

for air preheating. These are less efficient than re-

generators. However, the flue gas subsequently 

has a higher temperature than in regenerative 

furnaces and can therefore be used, for example, 

for energy recovery by means of a steam turbine. 

Recuperative burners must be operated continu-

ously and the gas flow can only be changed very 

slightly, as a significant reduction in burner out-

put would require the burners to be removed, 

which is a costly process 

• In oxyfuel furnaces, natural gas is burned with 

pure oxygen. Preheating is technically limited, as 

otherwise the oxygen becomes too reactive and 

the natural gas tends to undergo thermal decom-

position (cracking). The burner lances must al-

ways be cooled by the oxygen and gas flow to 

prevent them from being damaged by the molten 

glass. The oxygen atmosphere results in almost 

complete combustion, which is why the exhaust 

gases consist almost entirely of CO₂ and water va-

por  . This process is therefore the most promising 

for the development of potential CO₂ capture so-

lutions (carbon capture) in the glass industry. 

In addition to natural gas-fired furnaces, all electric 

melting furnaces are also already in use for some 

types of glass. These are currently used for the produc-

tion of white glass or special glass, and in individual 

cases also for brown or green glass (currently only 

abroad, however). In modern furnace types, the elec-

trodes are designed as top electrodes or in the shoul-

der of the side wall of the melting furnace. They pro-

trude through the raw material cover into the melt, and 

the melting process runs vertically from top to bottom, 

whereby a closed raw material cover is necessary to 

prevent heat loss into the cold top furnace ("cold top"). 

The heat input from the top electrodes increases the 

temperature of the melt, which drives the melting pro-

cess forward. Due to the higher temperature and con-

vection velocity of the melt compared to conventional 

gas-fired furnaces, corrosion of the melting basin is 

increased. All electric furnaces therefore have a shorter 

lifetime of usually around five to six years and a maxi-

mum of eight years. On the other hand, the heat input 

is more efficient than in gas-heated furnaces. While 

burning kilns have efficiencies of 40 to 60 % in terms 

of fuel consumption, all electric melting furnaces 

achieve efficiencies of up to 95 %. These furnaces have 

so far been used primarily in the specialty glass sector 

and generally have a low capacity of approximately 10 

to 100 tons per day, with some manufacturers achiev-

ing up to 180 tons per day. According to some glass 

furnace manufacturers, all electric glass furnaces could 

be restarted in individual cases, and only for certain 

glass products, in the event of a power failure (up to 

approx. 90 minutes max.) with production losses, but 

they would then have to overcompensate for the en-

ergy loss immediately afterwards in order to return to 

the original state of the melt. Upstream and down-

stream process steps would also have to be restarted 

and adjusted over a longer period of time. However, 

for high-quality products, especially specialty glass, 

these flexibilities are explicitly excluded. Section Fehler! 

Verweisquelle konnte nicht gefunden werden. takes 

a closer look at the expected effects on product quality. 

5.1.2 Development of the Glass Melting 

Furnace Technology 

According to statements by glass furnace manufactur-

ers and in line with the assumptions of the BV Glas 

roadmap [1], three types of furnaces will play a partic-

ularly important role in the future. 

Hybrid furnaces, which are powered by a combina-

tion of natural gas (or hydrogen in the future) and elec-

tricity, should be able to cover up to 80 % of the fur-

nace's total energy requirements electrically in the 

long term. The aim is to achieve an electrical input cor-

ridor of 20 to 80 % of total energy consumption. As the 

electrical input increases, the furnace's total energy 

consumption decreases, as the electrical input is 

around 95 % more efficient than fossil fuel combustion. 

So far, this has achieved melting capacities of approxi-

mately 500 tons per day. 

Despite the specified range, these furnaces are still de-

signed for an optimal operating point in specific appli-

cations, as the power-to-fuel ratio has a significant in-

fluence on the furnace design: In conventional natural 

gas-fired furnaces, the flame burns in the upper fur-

nace above the raw material mixture or the melt. As the 

electrical heat input increases through electrodes pro-

truding into the melt from below, the remaining heat 

requirement to be provided by the flame decreases. 

This makes the upper furnace cooler. If the design/op-

erating mode is incorrect or the current share is too 

high (above 50 to 70 %, and significantly earlier in the 
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case of flat glass), the upper furnace may become 

cooler than the melt. In addition, the necessary mini-

mum distance between two electrodes increases the 

size of the furnace, which means that a larger batch 

surface area must be covered by the flame. Both effects 

mean that the temperature distribution required for 

the desired glass quality can increasingly no longer be 

guaranteed. Some manufacturers offer an alternative 

furnace design in which the batch bed is covered by a 

flat ceiling to prevent "cooling down". 

With lower electricity shares of less than 25 % and thus 

in transition to the already familiar boosting furnaces, 

the operation of the melting furnaces is also easier to 

control due to existing practical experience. Possible 

energy flexibility potentials through a conceivable var-

iable energy source switch between electricity and gas 

are therefore primarily to be found in this area. A dis-

tinction must be made between reducing and increas-

ing the proportion of electricity (and, conversely, the 

proportion of gas): In this area, it is easier to further 

reduce the proportion of electricity than to increase it. 

If the proportion of electricity exceeds 25 %, any fur-

ther increase can only be carried out very slowly and 

cautiously, as otherwise bubbles will form on the elec-

trodes. In extreme cases, this can lead to foaming on 

the surface of the melt, which acts as an insulator be-

tween the melt and the top furnace. The effect is exac-

erbated by the top furnace cooling down, and the 

foam increasingly seals the surface. In such a case, it 

takes several hours to return the melt to the desired 

state. 

The fact that the energy input from gas firing is not 

equivalent to the electrical heat input is also evident 

from the viscosity of the glass melt. The raw material 

and cullet mixture loaded into the rear part of the fur-

nace should be kept as compact as possible in the rear 

part of the furnace despite continuous replenishment. 

The very viscous melt in conventional (natural) gas-

fired furnaces forms a convection roll that counteracts 

the movement of the batch and thus pushes the batch 

back into the rear part of the furnace. As described 

above, heating by electrodes leads to higher tempera-

tures in the melt, which thus loses viscosity, weakening 

the return flow of the batch. If the unmelted batch gets 

too far into the front part of the furnace, the glass qual-

ity is compromised. 

The aspects mentioned above mean that the theoreti-

cally conceivable energy flexibility potential of a hybrid 

melting furnace through a change of energy source 

can only be realized to a very limited extent in practice. 

For individual melting furnaces, it has been shown that 

a slight reduction in power supply of approximately 3 % 

for five minutes can be directly compensated for over 

ten minutes with 1.5 % above the initial level of electri-

cal power , without jeopardizing the maintenance of 

the melt, but with changes in the melting properties 

and thus effects on product quality . In practice, how-

ever, a product change with adjustment of the hybrid 

parameters (current/gas ratio) is usually only carried 

out over days to weeks. A non-production-related ad-

justment of these parameters has been avoided in 

practice so far, but according to estimates by glass fur-

nace manufacturers, it also takes place over a period of 

days to weeks. It can be assumed that these periods 

could be slightly shortened with increasing experience. 

Nevertheless, glass furnace manufacturers recommend 

keeping the optimal production point stable once it 

has been set in order to enable energy-efficient oper-

ation, not to jeopardize melting convection and prod-

uct quality, and to extend the service life of the melting 

furnace. Melting furnaces for flat and specialty glass 

production are considered particularly sensitive, as the 

melt influences the shaping process. If the hybrid pa-

rameters need to be adjusted, this is only possible with 

product rejects and should ideally only be carried out 

over several days and, for example, at the same time as 

product changes. 

Pure hydrogen fired furnaces are also being tested, 

for example in the ZeroCO2 project [8]. In the pilot pro-

ject, a natural gas oxyfuel furnace is being converted 

to hydrogen oxyfuel and operated with a maximum 

power input of 50 to 80 %. However, the use of hydro-

gen is only feasible in container/bottle glass produc-

tion in the foreseeable future. On the one hand, the 

heat density of the hydrogen flame is lower than that 

of the natural gas flame. On the other hand, the water 

vapor produced during combustion increases the H(2)O 

partial pressure above the melt and leads to contami-

nation in flat glass production. The (purely) hydrogen-

fired melting furnaces do not offer any relevant elec-

trical energy flexibility potential compared to other fur-

nace types. Furthermore, glass furnace manufacturers 

are reluctant to use hydrogen due to uncertainties re-

garding its economic availability. 

Depending on the manufacturer, all electric melting 

furnaces are expected to have capacities of 300 to 

400 tons per day. This scalability now needs to be 

proven in practice. It is technically limited by the mini-

mum distances between the electrodes that must be 

maintained and the energy density distribution that 

can be achieved as a result. The necessary electrical in-

frastructure at the site must be upgraded accordingly, 

which involves high costs or construction subsidies, 

e. g. for transformers, switchgear, emergency power 

systems, etc. Another challenge in scaling all electric 

melting furnaces is the chemical composition of the 

raw materials and additives. Since the closed raw 
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material cover means that a higher proportion of the 

refining gas, that would otherwise escape into the top 

furnace, is recycled in the melt, the addition of appro-

priate additives must also be adjusted. 

Glass furnace manufacturers assume that all electric 

melting furnaces will initially be scaled up in the con-

tainer glass sector before mature all electric technolo-

gies for flat glass production become available. Ac-

cording to furnace manufacturers, all electrified 

furnaces do not offer any energy flexibility potential in 

terms of the requirements of the Federal Grid Agency. 

5.1.3 Common Ground and Conclusion of 

the Glass Furnace Manufacturers 

It is currently not possible to predict whether one tech-

nology will prevail on the market and, if so, which one. 

The market and technology assessments of the melting 

furnace manufacturers are based on different develop-

ments. In addition to technical, product-specific re-

quirements for capacity and quality, energy prices and 

connected loads are particularly decisive factors. 

In order to maintain the glass melt with its convection 

currents and thus ensure the necessary dwell times and 

the desired glass quality, all furnace types, both in the 

status quo and in the future, must be continuously 

heated. This means that it is not possible to vary tem-

peratures or adjust products and production quantities 

flexibly with any type of furnace. If parameters are not 

optimally set in the process, this usually results in at 

least one to two days of scrap production, depending 

on the type of glass. According to glass furnace man-

ufacturers, various flexibility options have already been 

tested, but none have proven to be practical. New 

ideas are needed to address this issue. 

However, hybrid melting furnaces offer theoretical en-

ergy flexibility potential due to the possibility of vary-

ing the ratio of electricity and gas as energy sources 

within given, narrow limits. However, the time axis for 

this is several hours, as the melt has high thermal iner-

tia and a high average dwell time (approx. 24 hours on 

average for container glass). Large furnaces, which are 

more energy efficient due to their better surface-to-

volume ratio, react more slowly than small furnaces, 

which are used, for example, in special glass produc-

tion. Flexibility intervals, in terms of call-off durations 

and frequencies, are therefore only conceivable on a 

multi-day basis. In addition, switching between energy 

sources always has an impact on the service life of the 

furnace and reduces it. 

Product changes can cause the furnaces to vary in 

melting capacity by +/- 10 %. This is already possible 

with electric boosting systems. However, due to the in-

ertia of the process and the fact that the shape deter-

mines the removal from the melting furnace, boosting 

is only of limited use as a flexibility option.  

As the most energy-intensive facility in glass produc-

tion, the glass melting furnace therefore has low en-

ergy flexibility potential. Due to the inertia of the melt, 

adjustments can only be implemented slowly over time 

frames ranging from hours to days, or will be imple-

mentable in the future. This means that short- term re-

sponses to electricity prices are only possible to a very 

limited extent. Hybrid melting furnaces use both elec-

tricity and gaseous energy sources. However, adjusting 

the respective energy source ratios is only possible 

with long start-up and shutdown ramps in order to 

control the behavior of the glass melt, and is therefore 

only practical for seasonal adjustments.  

 

 

Figure 5-1: Simplified overview of melting furnaces in the status quo and possible transformation options.  

 In practice, lifetime and capacity depend heavily on the type of glass and product (see section Fehler! Ver-

weisquelle konnte nicht gefunden werden.). 

 

S
ta
tu
s 
q
u
o

T
ra
n
sf
o
rm

a
ti
o
n
 

te
c
h
n
o
lo
g
ie
s

End Fired Furnace Cross Fired Furnace Recuperative Furnace Oxyfuel Furnace All Electric Furnace

Natural gas-fired: The flame burns over the mixture of raw materials, which is thus melted.

  Electric auxiliary heating ( boosting ): Up to 20% of the heat output can be introduced from below 

by means of additional electrodes. Currently mainly used for tonnage adjustments.

 Cold-Top : Closed raw 

material cover & electrodes 

inserted from above

approx. 12- 20 years lifetime

Capacities of   1,000 t/d

Hybrid Furnace Hydrogen Fired Furnace All Electric Furnace

Energy source: natural gas (or H2) 

+ electricity 

Goal: Up to 80% electricity share of 

total energy demand 

(Corridor: 20 to 80%)

Current lifetime: 

up to 10 years

Goal: Scaling capacities 

to 300 - 400 t/d

It is initially expected to be used in 

specialty and container glass 

production, while it is not foreseeable 

for flat glass in the medium term.

So far, only limited use and only 

conceivable for certain glass 

products.

For example, H2 is technically better 

suited for container glass than in float 

glass production.

approx. 12- 20 years lifetime

Capacities up to  1,000 t/d

approx. 10 years lifetime

Capacities   500 t/d

5-8 years lifetime

Low capacities   180 t/d

approx. 10-15 years lifetime

Capacities up to  1,000 t/d

Conventional Furnace

  Carbon Capture

Downstream CO₂ capture at 

conventional melting furnaces has not 

yet been tested on an industrial scale 

in the glass industry.

The most promising melting 

technology for this is the oxyfuel 

process, as the resulting exhaust gas 

consists mainly of water vapor & CO₂.
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5.2 Perspective of Glass Producers 

The fundamental challenges in terms of energy flexi-

bility are the same for producers in the flat glass, con-

tainer glass, and specialty glass sub-sectors. Neverthe-

less, the individual processes differ from one another 

and each has its own requirements and characteristics, 

as indicated by the different properties of the melting 

furnaces used (Figure 5-2). 

5.2.1 Flat Glass Production 

In flat glass production, for example for windows, PV 

modules, or glass buildings, temperatures of 

up to 1,600 °C are required in the melt. After refining, 

the outlet temperature is approximately 1,100 °C. The 

liquid melt is then fed onto the float bath at approxi-

mately 800 to 1,000 °C for shaping. The glass leaves the 

bath at an outlet temperature of approximately 600 °C. 

The product is finally cooled in a controlled manner to 

approx. 60 to 70 °C in an electrically operated cooling 

furnace in order to reduce tension in the glass.  

The melting furnaces currently in use have a capacity 

of 1,000 tons per day and a service life of approxi-

mately ten to twenty years, depending on the flat glass 

products manufactured. For many of these products, 

the melt can be supported by electrical boosting from 

below if the corresponding connected load is available 

at the site. According to current estimates, the maxi-

mum possible boosting support is approximately 20 % 

and has not yet been tested on an industrial scale. For 

some specific flat glass products, electrical boosting is 

not yet possible. Due to the required temperature dis-

tribution and necessary (convection) currents in the 

glass melt, a significant change in the additional elec-

trical power is only possible over weeks, for example to 

prevent bubble formation. Compared to other glass 

products, flat glass production is subject to very high 

purity requirements in the range of 0.01 Gispen (bub-

bles) per 100 grams of product. On a daily basis, there-

fore, no significant energy flexibility is possible. Sea-

sonal production planning would be conceivable, but 

the necessary adjustments would also take days to 

weeks, so that tonnage changes should be made as in-

frequently as possible. The use of hydrogen as a (sup-

plementary) fuel is also not foreseeable in flat glass 

production due to the high quality and purity require-

ments, as the high H2O partial pressure would lead to 

bubble formation in the glass in the tin bath. 

Other electricity consumers include compressed air 

generators, which are mainly used for unloading raw 

materials. However, the associated energy quantities 

are very low, especially given the increasing share of 

electricity in glass production. 

5.2.2 Container Glass Production 

Container glass production in conventional melting 

furnaces is mainly powered by natural gas and up 

to 10 % electrical boosting. These furnaces could al-

ready be fired with up to 20 % hydrogen as an admix-

ture, if available, and have a service life of approxi-

mately 15 to 18 years. The "NextGen Furnace" pilot 

plant [9] is also set to test the use of up to 80 % elec-

tricity; currently, around 60% is being achieved. After 

melting, the material is shaped using presses and com-

pressed air injection. It is then heated to a maximum of 

550 to 600 °C in a gas- or electrically-powered cooling 

furnace and cooled in a controlled manner over ap-

proximately 0.5-1.5 hours to relieve tension. Here, too, 

the process chain is fully integrated and must be oper-

ated continuously in order not to jeopardize tempera-

ture stability and thus product quality. Starting up new 

operating points in the melting furnace can take up to 

four weeks. 

The hybrid melting furnace can theoretically vary be-

tween 20 and 80 % between electricity and gas without 

compromising product quality. However, adjustment 

takes several days to weeks and could therefore only 

be used for seasonal adjustments. According to the 

melting furnace manufacturers, switching from a high 

proportion of electricity to a high proportion of gas is 

possible in approx. 2 to 3 days, as described in sec-

tion Fehler! Verweisquelle konnte nicht gefunden 

werden., which is faster than switching in the other di-

rection to a higher proportion of electricity. A propor-

tion of 50% electricity can be achieved in approx. 8 to 

10 days, with a further increase then usually taking 

weeks to months. A short-term reduction in electricity 

in the range of the control power (15 min) is possible 

in some cases, but must then be compensated for 

 

 

Figure 5-2: Status quo: Furnace properties by glass product group. 

Schmelzwannen mit Kapazitäten von bis zu 1.200 t pro Tag  Lebensdauer: ca. 14  20 Jahre

Schmelzwannen mit Kapazitäten von   50 - 500 t pro Tag   Lebensdauer: ca. 10  18 Jahre

i.d.R. kleinere Kapazitäten von   40 kg bis 160 t pro Tag  Lebensdauer: ca. 4 - 6 Jahre

Flachglas

Beh lterglas

Spezialglas
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electrically over a longer period of time beyond normal 

operation or overcompensated by additional firing, 

and is generally avoided due to quality concerns. The 

transferability of this energy flexibility option  to other 

areas of glass production has not yet been tested. 

Compared to the service life of conventional melting 

furnaces of approximately 10 to 18 years, the target 

service life for hybrid melting furnaces in the container 

glass sector is 10 years. 

All electric furnaces have a shorter service life of ap-

proximately eight years when operated continuously 

and linearly due to the different flow conditions and, in 

some cases, higher temperatures in the melt. However, 

they do not offer any energy flexibility potential, as 

continuous heat input is necessary to maintain the melt 

and electricity is the only energy source available. With 

a reduction in the electricity supply of up to 15 minutes, 

it is possible to readjust the melt, but this always in-

volves production waste, and each adjustment of the 

operating point further shortens the service life of the 

furnace. In addition, not all large transformers are cur-

rently designed for flexible control and can be dam-

aged by reduced operation. However, flexible large 

transformers are available on the market [10]. 

As a rule, the core processes and production lines of 

glass manufacturing account for over 90% of the total 

energy requirements of the sites. The largest other 

consumers of electricity are compressed air compres-

sors, vacuum generation, and/or electric cooling fur-

naces. Since all processes must be available in a time-

critical manner for production, there is no significant 

energy flexibility potential either. 

5.2.3 Speciality Glass Production 

For specialty glass production, all types of furnaces 

(oxyfuel, regenerative furnaces, all electric furnaces, 

and hybrid types) are used depending on the require-

ments of the glass to be melted. The furnaces are gen-

erally smaller, with a capacity of approx. 40 kg to 160 t 

per day, and have a service life of 4 to 6 years due to 

the more chemically aggressive raw materials and 

higher melting temperatures of approx. 1,700 °C. Here, 

too, the entire process, from raw material preparation 

to glass melting, drawing and forming, and post-pro-

cessing, is integrated and continuous. The sub-pro-

cesses must be controlled to within a few °C (in some 

cases to within 0.1 K) in order to meet both glass qual-

ity requirements and forming process tolerances in the 

hundredth of a millimeter range. These requirements 

are significantly more demanding in the specialty glass 

sector than in other sub-sectors. In free-form pro-

cesses, e.g., in the production of tubular glass as a 

starting material for the manufacture of pharmaceuti-

cal primary packaging, the geometry is determined 

solely by the constancy of the mass flow of the glass, 

the temperature-dependent viscosity of the liquid 

glass melt, and constant process conditions. The entire 

process is very sensitive to changes in the process pa-

rameters. Even a few minutes of power failure can re-

sult in at least one day of production loss. Due to the 

process-related long dwell times of approximately 

three to five days in the melting furnace and the long 

dead times until a new thermodynamic equilibrium is 

established when process parameters are adjusted, all 

process changes or disruptions have an impact over a 

period of more than a week.  

Hybrid melting furnaces are currently used primarily 

for colored glass and have a ratio of approximately 30 % 

electricity to 70 % natural gas. Practical trials have al-

ready been carried out in the Kopernikus SynErgie pro-

ject, but these show negligible potential if glass quality 

is not to be compromised. All electric systems are also 

possible for selected specialty glass products. However, 

these do not offer any energy flexibility potential . 

The possibility of providing minute reserves through 

smelting plants was also investigated. Implementation 

was not possible because the boundary conditions 

(minimum output, provision duration) could not be 

met. Emergency power generators could be used in 

some production facilities to participate in the provi-

sion of minute reserves and, in some cases, secondary 

reserves by third parties. Seasonal energy flexibility op-

tions are not feasible in the specialty glass industry be-

cause specific market and customer requirements must 

be met in a timely manner. 

5.2.4 Ancillary Processes and Storages 

In the upstream and downstream processes of glass 

production, electrical solutions are already becoming 

increasingly prevalent where available due to their 

greater efficiency. For example, (hybrid) electrical solu-

tions already exist for air and batch preheating, which 

is currently usually carried out using combustion ex-

haust air. For cooling furnaces, the electric version is 

the best available technology according to the current 

state of the art, but fossil-fuel-powered cooling tracks 

still predominate at present. For other process steps, 

such as pre-hardening or shrinking, the electrical op-

tions are not yet available or are not yet economically 

viable. Other processes with electrical energy flexibility 

potentials are increasingly coming from heat pumps 

for building heating. However, as melting processes 

become increasingly electrified, this share of total elec-

tricity consumption is becoming irrelevant. 

PV self-generation plays a minor role for glass produc-

tion sites due to the limited space and yield potential 

available at compared to the current and future energy 
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requirements of the sites . Nevertheless, it should be 

noted that on-site self-generation generally counter-

acts market-driven energy flexibility incentives: If (day-

ahead) price signals are used to encourage industrial 

customers to consume more electricity at low prices 

during lunchtime, this corresponds exactly to the time 

windows in which on-site generation is also primarily 

used for own consumption, thereby reducing grid con-

sumption – albeit only slightly in comparison to total 

energy demand. 

Regardless of the processes already in place or those 

that will be required for glass production in the future, 

it is possible to install energy storage facilities at the 

respective production sites in order to balance flexible 

electricity procurement and ensure continuous pro-

duction. In the glass industry, there are two options for 

this, both of which have been discussed with glass pro-

ducers. Glass producers view the in-house production 

of hydrogen for storage and use in the process or for 

reconversion into electricity as critical and impractical 

due to the associated legal requirements for green hy-

drogen under the European Renewable Energy Di-

rective (RED) and the lack of expertise in electrolysis 

operations. There is greater willingness to consider 

battery storage, but this is also associated with seri-

ous concerns. Depending on the economic and regu-

latory framework, it would be necessary to examine on 

a case-by-case basis whether a battery storage facility 

could be operated economically at the site and at the 

same time provide the expected energy flexibility ser-

vices. Market-oriented operation and electricity (arbi-

trage) trading 1 are not yet a (core) business area for 

glass manufacturers, who generally make long-term 

electricity purchases. In addition to the economic con-

ditions, site-specific circumstances must also be taken 

into account. Historically grown glass production sites 

in particular often lack the space for separate, decen-

tralized battery storage solutions. In addition, the in-

ternal and upstream grid infrastructure would have to 

be upgraded in order to adequately cover both the ex-

pected high level of electrification in glass production 

in the future and the charging cycles of the battery 

storage system in terms of energy requirements and 

connected load. The corresponding grid expansion 

and connection periods must be taken into account. If 

the techno-economic conditions for a battery storage 

facility at the site are met, a storage facility increases 

security of supply. 

 
1 Electricity arbitrage trading refers to the targeted purchase and 

sale of electrical energy at different times in order to profit from 

price fluctuations (price spreads) on the electricity market. Electricity 

is purchased cheaply when prices are low (e.g., when there is a high 

5.2.5 Common Ground and Conclusion of 

the Glass Producers 

Despite differences in the details of the individual glass 

production processes, all sub-sectors have in common 

that both the core processes and the subsequent shap-

ing must be carried out continuously and without fluc-

tuations in the energy source composition and tem-

perature. The processing steps (shaping, cooling) must 

be carried out immediately afterwards, while the melt 

or glass drops are still malleable and follow strict tem-

perature gradients, in order to avoid tension in the 

product. Therefore, no intermediate storage is possible 

in the production process. 

Furthermore, production facilities in all areas are only 

economical if they are operated at almost full capacity 

and continuously. In addition, there is competition with 

two other objectives: On the one hand, flexible opera-

tion or frequent adjustments to production lead to a 

decrease in energy efficiency. On the other hand, the 

goal of greenhouse gas neutrality requires increased 

electrification of glass production. This is accompanied 

by a higher, more consistent power consumption with 

a correspondingly higher connected load. 

According to the companies, on-site energy storage, 

e. g. using battery storages, has so far been uneco-

nomical due to the size of the required energy quanti-

ties. In addition, the infrastructure on site often needs 

to be upgraded for this purpose. The complexity and 

control of the energy infrastructure at the site increases 

due to the integration of storage facilities, PV plants, 

and all electric furnaces, if applicable. As with the po-

tential self-generation of hydrogen, operating battery 

storage facilities with the necessary marketing exper-

tise is not a core competence of glass manufacturers.  

Even with existing technical energy flexibility, the elec-

tricity purchasing of glass producers does not allow for 

a significant response to short-term price signals, for 

example on the spot market: In order to prevent the 

risk of high, short-term price fluctuations while ensur-

ing the necessary continuous power supply to produc-

tion facilities, the majority of electricity is purchased on 

a long-term basis several years in advance (hedging).  

In conclusion, it should be noted that differences be-

tween products, melting furnaces, and locations do 

not allow the findings to be automatically transferred 

from one glass production site to all others, and that 

the specific requirements and framework conditions 

must be taken into account in each case. 

feed-in of renewable energies) and sold at a higher price when de-

mand rises and prices are correspondingly higher. 
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The transformation of the glass industry is lead-

ing to increasing electrification. The scaling of 

the relevant technologies is not yet complete, 

but is not expected to lead to any relevant en-

ergy flexibility potential. Battery storage could 

create energy flexibility potential outside of ac-

tual glass production, but is not always compat-

ible with site-specific conditions. 

The transformation of the glass industry is accompa-

nied by a high degree of electrification. The current 

electricity demand of 3.8 TWh [11] will more than dou-

ble, depending on the transformation path. Fully elec-

tric solutions are not yet available for all glass melting 

tanks or products, or are currently still being scaled up. 

Energy efficiency, melting capacity, and product qual-

ity are the relevant variables in the development of hy-

brid or all electric melting tanks. Increasing energy flex-

ibility potential is not to be expected for these melting 

tanks in the , as the heat input must continue to be 

constant.  

With increasing electrification, the corresponding con-

nection capacities at the sites must be expanded in or-

der to operate the continuous glass melting process, 

which is both economically and technically necessary. 

If battery storage facilities are set up and operated at 

the site, this opens up opportunities for exploiting en-

ergy flexibility potential, but at the same time entails a 

further significant increase in the site's connection ca-

pacity. In this case, glass producers must build up ex-

pertise outside their core business in order to operate 

the storage facility economically and in a market-ori-

ented manner. It is questionable whether market-ori-

ented operation of the storage facility based on day-

ahead prices is always beneficial to the grid. 

From the perspective and based on the experience of 

glass tank manufacturers and glass producers, the en-

ergy flexibility potential in the glass melting process is 

limited for technical reasons. Corresponding flexibility 

incentives therefore have no effect. In the energy-in-

tensive process of glass manufacturing, energy effi-

ciency is an important factor for economically compet-

itive glass production. Adjustments to the melting 

process not only jeopardize product quality, but also 

always reduce energy efficiency. 

Conclusions for regulation 

The increasing share of fluctuating electricity genera-

tion in the energy system can be offset by tapping into 

energy flexibility potential. In terms of security of sup-

ply and the increasing integration of renewable elec-

tricity generators into the energy system, it therefore 

makes sense from a systemic perspective to incentivize 

theoretically available energy flexibility potential. How-

ever, when designing these incentives, the technical 

limitations and characteristics of the various processes 

under consideration must be taken into account. En-

ergy-intensive glass production, which will become in-

creasingly electrified in the future, must be operated 

continuously in order to maintain the melt and prevent 

damage to the melting tanks. The very low potential 

for load shifting, i.e., a load reduction with immediate 

(over)compensation, which is only conceivable for a 

few glass processes and only for a short period of time, 

is not suitable for balancing day-night cycles. It always 

causes product waste and carries the risk of having to 

readjust the melt over a period of hours or days. Reg-

ulatory incentives aimed at activating energy flexibility 

potential that is practically impossible to implement 

therefore do not achieve the desired effect. 

Outside the core process, battery storage offers the 

greatest opportunity to provide energy flexibility po-

tential. However, the respective individual site condi-

tions, such as connected load, internal electrical infra-

structure, or space requirements, must be taken into 

account and lead to considerable restrictions on this 

option. Aspects such as the duration and complexity of 

the approval process, investment subsidies, or the time 

required to provide the connected load play a decisive 

role in every location-specific investment decision. A 

more system-friendly alternative could be larger, cen-

tral battery storage facilities outside the production 

sites, for example at grid nodes. In any case, framework 

conditions must be created for the economically viable 

operation of battery storage facilities from the per-

spective of the players involved, while at the same time 

ensuring that their use is systemically sensible .  

6 Discussion and Outlook 
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 Key Findings of the Study 

 

Diversity in glass manufacturing 

Each location and each product in the glass industry has its own highly individual requirements and 

conditions for achieving the desired product quality. It is particularly important to distinguish between 

the individual sub-sectors of flat glass, hollow/container glass and speciality glass. 

 

Technical reasons: Low energy flexibility potential in the manufacturing process 

All glass production processes must run continuously in order to maintain the set thermal equilibrium 

in the process and thus the desired product quality. Changes to the process have a direct impact on 

product quality and usually lead to production rejects. Due to the thermal inertia in the process and 

the sometimes long dwell times in the melt, it takes several days to weeks to adjust operating points 

and obtain a usable product that meets quality requirements. 

 

Decarbonization: Rising electricity consumption, consistently low energy flexibility potential 

The decarbonization of the glass industry is based primarily on increased electrification, either through 

all electric or hybrid melting furnaces. Both technologies significantly increase the electricity consump-

tion of production sites. However, the processes must continue to be operated continuously and with-

out significant energy flexibility potential in order to maintain product quality. The elimination of band 

load privileges makes electricity procurement considerably more expensive and, especially in the case 

of hybrid melting tanks, means that the use of fossil natural gas is the more economical option. The 

goal of decarbonization should be prioritized and supported by appropriate incentives, including in 

the grid fee system. 

 

Flexibility vs. efficiency, service life and economic utilization 

Adjustments to the operating points of the melting tank usually take hours to days, and in some cases 

weeks. Each adjustment is associated with product waste and reduces the service life of the melting 

tanks and, in some cases, the transformers. In order to operate a melting tank economically, it must be 

continuously utilized under full load for as long as possible. Any adjustment of the operating point 

also reduces the energy efficiency of the melting tank. Hybrid melting tanks in particular are designed 

for maximum efficiency, both in terms of their tank size for the planned number of electrodes and in 

terms of the size of the top furnace for the associated gas flame, in accordance with an optimum oper-

ating point. 

 

Costs and economic risks in electricity procurement 

The costs incurred by the elimination of baseload privileges cannot be offset by alternative revenue 

opportunities, such as conceivable marketing on the control energy market. The technically feasible 

energy flexibility potential for providing the corresponding power is too low for this. In addition, base-

load supply is often secured several years in advance through long-term electricity purchases, depend-

ing on the risk appetite of glass producers, in order to hedge against price risks, with only a small por-

tion being procured at short notice via the spot market. In order to be able to react to price signals, 

electricity procurement would have to be more strongly oriented towards the spot market, which 

would lead to a greater risk of dependence on short-term price fluctuations. Since the processes must 

be operated continuously and do not offer any relevant energy flexibility potential, electricity would 

then also have to be purchased even if prices were high in the short term. 
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