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Overview

The German Federal Government set a very ambitious target for its co-generation/auto-generation law until 2020: an increase of the co-generation electricity share on the total electricity production from 17% in 2013 to 25% in 2020. In principle all the stationary heat consumers can contribute to achieve this target, meaning a necessary additional capacity of around 12 GW. The paper and discussion in the special session should solely refer to the modeled growth CHP potential of the German Industry, in which 31,5% of the total electricity production of the sector were produced by means of CHP (not including the share of the industrial parcs). 

The CHP potential from different power plants of different sizes and efficiencies is calculated coupled to the development of the process heat demand in the German Industry until 300°C until 2050 whereupon industrial branches and company size classes are differentiated. The latter differentiation is new in the German context but also necessarily in order to estimate the effect of small generation decentral units. The techno-economic potential and cost-benefit analyses is complemented by a discussion on the role and contribution of co-generation to the flexibility of the system. The results that will be discussed in the special session are partially extracted from the study to the German Federal Ministry of Economics and Energy on the Co-generation cost-benefit and potential analysis and evaluation of the CHP law in Germany. This study is partially used by Germany as their reporting obligations to the European Commission.

Co-generation in total today in Germany produces ca. 96 TWh electricity (netto) with a 16,2% share to the total netto electricity production in Germany. From this approximately more than half is obtained from Co-generation from the common supply and approximately one third from industrial CHP plants. The remaining electricity production from co-generation is obtained from renewable CHP plants and decentral small power plants. Approximately 200 TWh (20%) correspond to the share of CHP-Heat in the heat market below 300°C. Large potentials for CHP were identified in this study. These potentials are available for the general supply system (district heating/cooling) and in the industry. Additional buildings related potentials are available in regions where no district heat network is available. The total potential for electricity production from CHP varies according to the assumed scenarios between 170 TWh/a and 240 TWh/a.

With the increasing share of fluctuating renewable energy in electricity markets three major challenges arise for the electricity system: Alongside the reduction from economic inefficient systematically electricity surpluses and the refinancing of power insurances in the electricity markets, the provision of electricity system services represent a central challenge. This means appropriate flexibility requirements for CHP electricity generation are necessary for the efficient integration in the electricity system of the future.
CHP electricity generation, as part of a larger heat supply system in the industry and district heating supply, offers to some extent sufficient technical flexibility with power plant concepts, heat storage and peak load boilers in order to exist in the long term in a system with higher shares of fluctuating renewable energy.
Methods

The fuels consumption is predominant in the German industry in particular for the basic chemicals production, the production of metals especially Iron and Steel. Substantial shares are however are assessd as non-energetic consumption. The non-energy consumption of the basic chemicals production comprises mainly all mineral oils and in the year 2012 almost 90% of the coal and coke Demand is allocated to the metal production (AGEB 2012), especially for the production of crude iron in blast furnances, where coke serve as a reduction agent and at the most replaceable with other coal-related energy carriers, however not with heat from co-generation processes. 

The share of fuel demand, which is used to produce space and process heating at different temperature levels, is crucial for the estimation of the CHP potentials. This heat demand can be obtained from different available CHP technologies and focused in this case for heat until 300°C. In the long term is also conceivable that new thermal-oil technologies delivering heat until 350°C broaden the field of applications from block heat and power plants (BHPP). 
Steam and gas turbines dominate the total CHP electricity generation in the German Industry with over 14 TWh produced in 2012, whereas motor BHPP contribute with only 0,8 TWh (however, plants below 1 MW are not recorded in the statistics, what could mean a higher production might be possible). Counter pressure steam turbines with constant ratio are observed in the chemical industry as well as in the paper industry. Lastly the use of extraction condensation turbines with different use possibilities is illustrated. Furthermore, it is assumed that steam turbines are mostly used in industries that operate day and night and in which a continous high temperature heat and electricity demand exist. Gas turbines are also mainly in use in these two industrial sectors, however the maximization and optimization of the electricity production is possible with the combination of flow operated steam turbine (Gas and Steam process) which is of secondary importance. Combustion engine BHPP have their main use in production processes with pronounced load curves in particular the food and beverage industries.
Results

Under consideration of the current market conditions the total CHP electricity production will stagnate until 2020 when compared to 2012. The current 25% CHP-electricity 2020 objective will not be reached in Germany. Co-generation vs. uncoupled electricity and heat production already today saves 56 million ton CO2. Further savings are possible if potential CHP installations will be invested in parallel to other renewable energy technologies. 

If the industrial sector in Germany should contribute to the achievement of the proposed CHP objectives of the German Federal Government as well as the other sectors, this would mean approximately 14TWh (assuming ca. 6000 full load hours this means approx. 2.4 GWel additional capacity). In view of these significant figures, the focus of the analysis was directed to Basic Material Industries, mostly with well established co-generation plants. In total the industrial heat demand until 300°C may increase 4% to 5% (ca. 9TWh) from 2012 until 2020. Currently statistics are not complete for CHP in Germany and only 88% of electricity production is explained by these sources. For the remaining the authors had to deliver estimations. 
Until 2050 a heat potential is observed for the industry and could be supplied by CHP plants. This potential amounts to ca. 110 TWh or 30% higher than 2012 for the reference scenario while a higher potential is observed in the policy variance scenario reaching 131 TWh or 56% higher than 2012 values. This means that for the realization of this potentials noticeable efforts from the policy are necessary.  
Certainly both important branches users of CHP exhibit a slight decrease of heat demand within the Paper industry or a slight increase is expected in the basic chemimcal industry with approximately 2TWh by 2020. The highest increment of the heat demand until 300°C are observed in the remaining chemical industry, the automobile industry, food and beverage, machinery construction as well as the Rubber and Plastic ware where an additional 6.3TWh are expected.

A trend observed is that there is potential available for CHP in the investment and durables industrial branches which may correspond to middle and small size companies. Technologically this implies the use of middle to large block heat and power co-generation plants and small gas turbines. Approximately 476 TWh final energy is found in average in the industry in Germany, 66% of this is allocated to large scale companies, while 25% with ca. 182 TWh correspond to middle scale companies. The remaining 61 TWh (or 8.5%) from the final energy use corresponds to small size companies.
With respect to CHP electricity production obtained, the growth in CHP plants is higher due to the increase in the electricity to heat ratio (CHP coefficient). In general is to be observed that the growth of CHP Plants installed in the industry considerably reduces between 2030 and 2040 and after 2040 stagnates. This means that the dismantling of CHP Plants in branches with current high CHP shares is compensated between 2040 and 2050 by branches with high potential. Technically is the higher share of CHP plants today already flexible and are able to react to electricity price signals. The flexibility can be increased with the construction of heat stores. Within the industry the flexibility is coupled with the production cycles and therefore the complete systems should be considered. Small plants can be aggreagated (bundled) to increase flexibility.
Currently induced technical inflexibility of CHP can not be systematically established in the electricity system. In fact specially the electricity production profile from CHP corresponds very good with the feed-in of renewable energy in the general supply system. This technical flexibility is considered to be present also in the future.  Today the technical options for a flexible operation of CHP plants are not used fully founded nearly exclusively by the non-given economic attractivity.  In particular auto-generation concepts by non-priviledge final consumers react, in comparison with other plants in the market, with pronounced electricity price signals. 
The CHP potentials can be developed until 2030 with a still strong development of renewable energy capacities. Positive in this development is the asynchronicity with respect to the feed-in maximum from fluctuating wind and photovoltaic electricity and the maximum heat demand of district heating systems.

The cost-effectivenes of industrial CHP plants depend considerably from the own electricity quota and the electricity production costs. Certain project yield return are defined by the conditions of the specific production location. Furthermore, additional charges due to renewable energy law charges reduces the cost-effectiveness. New investments or re-investments in large CHP plants by large companies, with exemptions in electricity and energy taxes or in renewable energy charges, remain not profitable.

Conclusions

The development of the heat demand below 300°C and the development of available CHP technologies as well as the framework conditions all play a role in the future CHP potentials in industry. The changes in technologies are unexpectedly fast in parallel to the developments in wind and photovoltaics. In this way the perspective for operators of CHP plants, which can not be easily managed oriented only to the heat demand but as well as by the electricity prices in the markets. These prices have both chances and risks for CHP plants. The flexible operation of CHP plants is therefore a must also for industry changing their operation in the future as well and making CHP technologies more expensive per installed KW.

These changes are a challenge for consultant engineers and CHP investors and operators. Finally they require a large technical knowledge as well as willingness for more complex configurations in order to make a contribution to the “Energiewende” or energy transition. Both the reduction of CHP-subsidies as well as the mere consideration of amortization times are fatal for the future potential investments. Changes in the political framework should be in line with the ambitious targets set. 

Historically the use of CHP technologies has been narrowly considered from the perspective of the insufficient use from existing heat sinks. In the long term this limitation on the heat side is complemented by the increasingly share of fluctuating electricity from renewable energy carriers. The technical flexibility of CHP plants perform a reasonale economic contribution also in the long term to the efficient supply of heat and electricity. 
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