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1. Introduction

Green manufacturing is one of today’s major challenges to 

industries.1 Besides the reduction of material and energy use, policies 

seek to prevent consumers and the environment from certain 

hazardous substances. Most governments have realized their 

obligation to remove these substances from consumer products and 

have introduced appropriate legislations. Most relevant legislations in 

the field of hazardous materials in consumer products within the 

European Union (EU) are ELV, WEEE, RoHS, and REACH.2–5 Other 

countries and regions will or have introduce(d) similar regulations 

with slightly different requirements. Differing specifications 

essentially cover scope of application, maximum permissible values, 

exception, exemptions and documentation requirements. Since 2003 

global legislations and requirements in this field thus have increased 

exponentially as displayed in figure 1.6  

Figure 1 Amount of global environmental legislations6 
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Enhanced global trade forces companies to comply with a variety of environmental legislations each being subject to 

continuous modifications. Apart from various maximum permissible values of certain substances and different requirements, 

e.g. for registration or authorization, latest developments in the field conflict minerals constrain enterprises to adjust 

internal processes. This puts high pressure especially on global players with multiple thousand active suppliers and 

hundreds of global sales regions. For OEMs global environmental compliance requires involvement of the entire supply 

chain and multiple internal business units. Additionally, law enforcement agencies expand activities while competitors may 

easily take misconduct to court and thus may temporarily refuse market access. This may induce dramatic costs for 

companies. In order to reduce risk and prevent undesired obsolescence of their products, companies seek a standardized 

process to guarantee global environmental compliance.  

Recently, scientific improvements in this area have been rare. In this paper we introduce a highly applicable approach that 

has been tested successfully in over 70 companies in Germany. We divide efforts in five categories (1. targets; 2. actual 

company status; 3. risk assessment 4. required actions; 5. long term validation) and 14 steps towards global environmental 

compliance. Thereby, we identify affected divisions and define distinct methods to effectively map legal requirements, 

evaluate suppliers and rate a company’s material stock. Hereupon, we combine supplier and material rating in order to 

evaluate a company’s general risk and name a number of distinct actions for supplier communication. We come up with 

solutions to adjust internal processes such as data processing and IT as well as recommendations for detailed work 

procedures and audit plans to effectively ensure long term global environmental compliance.  

Although integral risk validation might not be possible, our paper shows a high demand in industries for future research in 

the field standardizing environmental compliance processes by applying unique algorithms. Additionally, current 

environmental risk assessment methods leave room for interpretation. We identify possible approaches for improvements as 

well as solutions for current methods. 
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Fig. 5: scope of supply and services within contracting24 

Additionally the company is able to focus on its core business, 

while the contractor can expand his business and sales. Overall, there 

is a variety of specific contracting models, which are differentiated by 

rules of ownership as well as rights and obligations. The so-called 

delivery-contracting found a broad acceptance in the last few years24. 

Due to the growing need to minimize complexity of non-core 

business activities, common technologies and business models used 

within contracting have traditionally nothing to do with the 

company’s main business. Therefore a lot of contracting business 

models in the industry focus on building services, power generation, 

and equipment as well as on cross-sectional technologies.  

In contrast, contracting models based on branch- and process 

specific technologies, which are dominating the thermal energy 

saving potential in Germany, are uncommon and did not prove 

feasible yet. Due to the missing knowledge about process- and 

product-specific framework conditions within a company, possible 

process-based solutions are too complex and diverse. Resulting 

benefits of a contracting model would be lost with a high degree of 

probability. Therefore common contracting approaches are not able to 

solve the problem of unused thermal saving potentials in the industry.  

2.1. New approach: investment fund models 

Based on the specified disadvantages of contracting models, a 

new approach to finance unused efficiency potentials was developed. 

Within this new approach industrial companies should be motivated 

to realize previously unrecognized energy efficiency measures.  

This approach is based on the assumption that more than ever 

investors are looking for attractive investment opportunities with 

appropriate profits. One of the most influential developments over the 

past five years has probably been the way in which the inflation and 

effective interest rate has been infiltrated. Since the second half of 

2009, effective interest rates with a term between at least one year and 

more than three years, is remaining below the inflation rate. This 

development is shown in figure 6.  

Fig. 6: inflation and interest rate in Germany25 

Based on the development of the interest market, the value of 

saved money calculated on the basis of the nominal rate is gradually 

eroded by inflation. As a result, both private as well as commercial 

investors are investing in material assets. Combining the need for 

investment opportunities and at the same time the need in the industry 

for capital to finance efficiency measures might be a win-win solution. 

To exploit unused energy saving potentials in the industry within 

the new approach, necessary financial capital is provided by an 

investment fund. Therefore an investor will generally purchase shares 

in the fund directly from the fund itself. Simultaneously an 

independent authority or agency is mandated by a customer enterprise 

to deliver a technical evaluation of possible enterprise-specific 

measures and quantifies the potential. This agency possibly provides 

specific efficiency technology itself or uses an adequate distributer 

network to ensure and supervise the implementation.  

It is also likewise conceivable that industrial enterprises already 

analyzed their specific efficiency potentials and requests the fund-

organization for financial support. The main difference to a common 

contracting business model is that the technology provider and the 

financial capital provider are fully independent from each other. But 

as long as there is no expert appraisal confirming, the investment fund 

will not be disbursed. If the technical rating is successful, the 

recommended technology will be supported. The generated cost 

savings through the efficiency measures will be divided between the 

customer enterprise and the investment fund. Within the fund the 

insurance agency takes a share of the returns as well.  

Fig. 7: new investment fund approach 
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This three-way partnership creates a triple-win situation: investors 

benefit from stable returns and make a contribution to environmental 

protection. The company realizes energy and financial savings 

without using their own capital. And last but not least, the technology 

partners also benefit from increased orders and reputation. 

Furthermore, Due to the realized returns, further efficiency measures 

can be financed and unused energy potentials can be exploited.  

In the following, the investment fund approach will be explained and 

quantified based on a developed decision making tool using the 

example of a typical energy efficiency investment.  

2.2.1 Baseline scenario 

The following example will serve as a basis for the following 

explanations. For a better understanding, the original example has 

been simplified in order to provide an initial impression of how the 

funding approach creates benefits. The starting point of this baseline-

scenario is an energy efficient plant which has aggregated investment 

costs of 10.000 euro and provides a cost reduction of 2.500 euro p.a.26 

Additionally, the entire period of use of the facility is 15 years and the 

market interest rate is 10%. Within this baseline scenario, it is 

assumed that 100% of the necessary investment is going to be 

financed from the company’s financial resources.  

Due to an assumed initial period of 1 year, the usual payback 

period is 5 years.27 The resulting cash flow and net present value 

(NPV) of the investment is shown in the following figure 8. Based on 

that scenario, the annual cash flow (CF) of the investment is 2.500 

euro and the total net present value of this efficiency measure after 15 

years is 9.015 euro. 

Fig. 8: cash flow and NPV baseline scenario 

26 In the original calculation tool the costs are sub-divided into: personal costs, 

energy costs, other resources costs, installation and disposal costs, and 
maintenance costs. Furthermore a dynamic development of production and 

energy consumption as well as a volatile production output is implemented to 

support a realistic development of possible cost reductions.    
27 Assuming that time within the initial period is needed for start-up, 

adjustment,  learning effects, and manifestation of cost reduction effects 

2.2.2 Investment fund scenario 1 

The first business model assumes that the necessary investment of 

10.000 euro is partly financed through the participation of the 

investment fund. The basic conditions for this scenario are: the fund 

lifetime is also 15 years, the required rate of return within the fund is 

20%, and the share of the investment costs is 75%. However, this 

share is not fixed and only serves as an example.28 Furthermore it is 

assumed, that the participating private investors within the fund 

accept a long-term periods to receive the 20% rate of return.29 The 

enterprise share of the total investment is 2.500 euro, while the 

investment fund covers costs of 7.500 euro. Due to the required 

interest rate of 20% of the fund, the annual return is reduced to 896 

euro for the enterprise (CF fund model), which has also an impact on 

the net present value. Based on the defined cost and return ratio, the 

company’s specific payback period changes as well. The following 

figure 9 summarizes the changed framework conditions and compares 

it with the baseline scenario. Within this scenario, the payback period 

has been shortened to 3 years from the company’s point of view. 

However, the investment is still profitable for the enterprise. Despite 

being shortened by over 50%, the investment has a net present value 

of 4.314 euro from the company’s point of view, while the fund 

interest rate of 20% has been completely fulfilled.  

Fig. 9: cash flow and NPV fund model 1 

Against the background of required payback periods of at least 3 

years, this scenario shows a method to exploit unused potential and 

simultaneously ensures an economic incentive for companies. It also 

enhances the attractiveness of investments for efficiency measures. As 

shown in figure 7, the fund finances the investor and the insurance 

company by dividing the realized interest rate.   

2.2.3 Investment fund scenario 2 

This second scenario quantifies the impact on the first scenario, if 

the funding contract is shorter than the facility’s entire period of use. 

Within this scenario it is assumed, that the facility’s use period is still 

15 years, but the duration of the fund is limited to 9 years. 

28 The share can be optimized within the required return of the participating 
enterprise 
29 Therefore this fund can also be seen as a bond fund. 
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Furthermore it is assumed, that the fund covers 100% of the 

investment costs for the facility. Conversely, this means the efficiency 

technology and the corresponding energy and CO2 emission savings 

are provided free of charge for the enterprise. To achieve the required 

20% rate of return, the investment fund takes the complete returned 

cash flow until the contract expires after 9 years. From year 9 

onwards, the facility remains with the company. From that moment 

the ownership and cost savings are transferred to the company. The 

following figure summarizes this scenario and compares it to the 

baseline scenario. 

Fig. 10: cash flow and NPV fund model 2 

Due to the assumption, that 100% of the costs born directly by the 

investment fund, the payback period of the efficiency measure is from 

the company’s point of view zero. Furthermore a higher the net 

present value can be realized compared to scenario 1. Within 15 years 

the investment has a NPV of 4728 euro. The big advantage of this 

scenario derives from the company’s possibility to avoid investment 

costs and simultaneously take advantage of the opportunity to reduce 

energy consumption and CO2 emissions. Furthermore an even higher 

net present value can be realized compared to scenario 1 due to the 

shortened fund duration. 

2.2.4 Investment fund scenario 3 

The third scenario is an extended version of scenario 2. It is again 

assumed, that the fund covers 100% of the investment costs for the 

facility. The fund duration is assumed to be 15 years, as well as in 

scenario 1. The main difference to scenario 2 derives from the 

assumption, that the investment fund pays expected future cost 

savings already in the first period to the company. Except for the first 

payment, the investment fund keeps all future savings. In contrast to 

the baseline scenario and scenario 1, where the company has to pay 

fully or partly for the facility, the participating enterprise receives the 

cumulated cash flow in the beginning.    

Fig. 11: cash flow and NPV fund model 3 

As well as scenario 2, this scenario enables the enterprise to release 

itself from investment and other costs, such as maintenance or 

disposal costs. The customer completely outsources the necessary 

facility and every financial and organizational part of it. Every 

organizational necessity to monitor energy and cost savings is the 

responsibility of the investment fund. Therefore, the advantage 

compared to scenario 2 is the lower necessary organizational and 

coordination effort between customer and fund operator. Additionally 

the customer enterprise receives a financial incentive in the beginning, 

depending on the specific efficiency measure. Simultaneously energy- 

and CO2 savings are realized. In summary, this scenario provides the 

possibility to realize energy saving potentials without any necessary 

financial investment for the enterprise.  

3. Conclusions

Energy efficiency is the key technology to achieve both reducing 

national greenhouse gas emissions and ensure global competitiveness 

of the German industry. However, an essential part of the existing 

saving potentials are unused due to reservations towards high 

investment costs and long payback periods. In order to address this 

issue, common approaches, such as contracting models, are focusing 

only on cross-sectional technologies to increase energy efficiency of 

companies. Therefore, a considerably high share of energy saving 

potential remains unused.  

Using private capital to invest in energy efficiency will solve two 

problems at once: Capital assets in energy efficiency may 

significantly improve portfolio compositions of investors while 

simultaneously provide required financial resources for efficient 

technologies. As a result investors gain equally distributed high 

income returns (assumption: 20%). Simultaneously a large number of 

individual funding projects can be aggregated in one fund in order to 

ensure a risk diversification and minimize the risk of default30. The 

investment fund raises on the one hand capital from investors, on the 

other hand the fund identifies, finances, and supervises projects. 

Additionally customer enterprises are able to reduce their overall 

energy consumption and CO2 emissions and are benefiting from an 

enhanced image. Furthermore, through the use of different funding 

models the payback period for enterprises can be considerably 
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shortened. Depending on the technology, risk affinity and knowhow 

of the involved participants, shares and contract term as well as 

obligations can be adapted. 

However, a complete exploitation of existing saving potentials is 

not exclusively necessary for German industries in future periods. 

Recent studies show, however, that it cannot be assumed that the 

energy consumption is significantly lowered in the future: The 

international agency assumes that the final energy demand of EU is 

rising until 2035. Both in the CPS and NPS the main objective, 

reduction of energy consumption by 20% by 2020, will not be met. 8 

Based on the NPS the reduction will be only 14% by 2020. Only in 

the so called 450 Scenario, which assumes that the atmospheric CO2-

emission concentration is limited to 450 ppm, slightly decreasing 

final energy consumption is approximately achieved31.  

Fig. 12: final energy consumption in the european industry by 

203531 

However all scenarios are based on a full development of existing 

efficiency potentials. In case of any partial potential development, the 

energy consumption would be even higher. Therefore, the presented 

funding models could be an important instrument to ensure ecologic 

and economic objectives. Without incentives and promoting of 

energy-efficient technologies, cost-effective energy efficiency 

measures will be left unused and environmental objectives will be 

missed. 

8 Based on the assumption that both current policies and development are 

retained (current policies scenario - CPS) and already planned and new 
measures are enabled (new policies scenario – NPS) the final energy 

consumption  increases  

REFERENCES 

1 Commission of the European Communities, Communication 

from the Commission to the European Parliament, the Council 

and the Committee of the Regions on the Sustainable 

Consumption and Production and Sustainable Industrial Policy 

Action Plan, 2008. 

2 Finkbeiner, M. et al., “Towards Life Cycle Sustainability 

Assessment”, pp. 3309-3322, 2010. 

3 Feld, L. et al., “Neustart in der Energiepolitik jetzt“, Kronberger 

Kreis, pp. 14-20, 2014. 

4 Umweltbundesamt [ed.], „Entwicklung der 

Treibhausgasemissionen in Deutschland nach Sektoren“, 2011. 

5 Arbeitsgemeinschaft Energiebilanzen [ed.], „Ausgewählte 

Effizienzindikatoren zur Energiebilanz Deutschland, Daten für 

die Jahre 1990 bis 2011“, 2012. 

6 Sauerborn, K. et al., „Innovationspotenziale für Umwelt und 

Klimaschutz in Europäischen Förderprogrammen Nordrhein-

Westphalens“, 2010. 

7 Hüttl, R., „Energiewende: Sichere Energieversorgung – heute und 

morgen“, 2012. 

8 Statistisches Bundesamt [ed.], „Nachhaltige Entwicklung in 

Deutschland – Indikatorenbericht.“, pp. 6-20, 2012 

9 Umweltbundesamt [ed.], „Energieeffizienz in Zahlen – 

Endbericht“, pp.104-149, 2011 

10 Prognos AG [ed.], „ Energieeffizienz in der Industrie - Eine 

makroskopische Analyse der Effizienzentwicklung unter 

besonderer Berücksichtigung der Rolle des Maschinen und 

Anlagenbaus“, 2009. 

11 Pehnt, M. et al., „Endbericht – Energieeffizienz – Potenziale, 

volkswirtschaftliche Effekte und innovative Handlungs- und 

Förderfelder für die Nationale Klimaschutzinitiative“, 2011.  

12 Bauernhansl, T., et al.: „Management Summary - Energieeffizienz 

in Deutschland – Ausgewählte Ergebnisse einer Analyse von 

mehr als 250 Veröffentlichungen“ , pp. 5-17, 2013. 

13 Roland Berger Strategy Consultants [ed.], “Effizienzsteigerung in 

stromintensiven Industrien - Ausblick und Handlungsstrategien 

bis 2050“, 2011. 

14 Umweltbundesamt [ed.], „Energieproduktivität und 

Energieintensität“, 2012. 

15 Deutsche Bundestiftung Umwelt [ed.] “Energie effizient – 

Klimaschutz in Industrie und Gewerbe“, 2008. 

16 Institut für Energieeffizienz in der Produktion [ed.], 

„Energieeffizienz-Index der deutschen Industrie – 1. Auswertung 

zum 20.12.2013“, 2013 

17 Hirzel, S., Sontag, B., Rohde, B., “Betriebliches 

Energiemanagement in der industriellen Produktion.“, 2013 

240

250

260

270

280

290

300

310

320

2010 2015 2020 2025 2030 2035

M
to

e

Current Policies Scenario New Policies Scenario

450 Scenario



159 / 2014 International Symposium on Green Manufacturing and Applications (ISGMA 2014), pp. 152-159 

18 Hirschner, J., Hahr, H., Kleinschrot K., „Facility Management im 

Hochbau“ pp. 128-137, 2013 

19 Dudda, C., Radgen, P. and Smid, J., “Contracting Finanzierung 

Betreibermodelle”, Druckluft effizient, pp. 7-12, 2004 

20 EnergieAgentur.NRW, Ministerium für Wirtschaft, „NRW spart 

Energie. Contracting: Energieffizienztechnologien ermöglichen“, 

pp. 8-12, 2007 

21 Deutsche Bundesbank [ed.], Effektivzinssätze, 2013. 

22 Reichmuth, T. et al., “Die Finanzierung der Energiewende in der 

Schweiz”, pp.235-312, 2014. 

23 International Energy Agency [ed.], “World Energy Outlook 2012 

– Zusammenfassung”, 2012.



ISGMA 2014

ISGMA Secretariat | Byeong Kwon Lee (secretariat@isgma.org)

Tel. +82-2-518-0722   /   Fax. +82-2-518-2937
The Korean Society for Precision Engineering

(100-808) SKY1004 Building 12F, 50-1 Junglim-ro, Jung-gu, Seoul, Korea

PROCEEDINGS

www.isgma.org


	ISGMA2014_proceeding_papers.pdf
	01 2014ISGMA-021 Influence of Spark Gap in EDM based on Buckingham’s π Theorem
	02 2014ISGMA-284_full_revise_페이지번호이상
	03 2014ISGMA-596(수정본)
	04 2014ISGMA-597_full_revise
	05 2014ISGMA-031_full
	06 2014ISGMA-142 Prediction of Acceleration of Power-Train based on Rigid Body Motion Analysis
	07 2014ISGMA-175_full_revise
	08 2014ISGMA-271(수정본)
	09 2014ISGMA-367(수정본)
	10 2014ISGMA-052_full_rev1
	11 2014ISGMA-425 Performance of biocomposites reinforced by cellulose nanofiber obtained from
	12 2014ISGMA-346(수정본)
	13 2014ISGMA-053(수정본)
	14 2014ISGMA-038(수정본)
	15 2014ISGMA-152(수정본)
	16 2014ISGMA-154_full_revise
	17 2014ISGMA-065(수정본)
	18 2014ISGMA-292_full_revise
	19 2014ISGMA-434-full_paper
	20 2014ISGMA-174_full_revise
	21 2014ISGMA-041 (원본) Effect of Mg3AlNi2 con
	22 2014ISGMA-582 revised
	23 2014ISGMA-366 A Study on the Recycling of Food - Salt Reduction Plan for Compositing of Food Waste
	24 2014ISGMA-269_full_revise
	25 2014ISGMA-125_full_revise
	26 2014ISGMA-358 Investigation of the Effect
	27 2014ISGMA-028_full_revise
	28 2014ISGMA-144 Development of an Advanced Suturing Mechanism for an Endoscopic Surgery Using Successive Suturing Device
	29 2014ISGMA-436(수정본)
	30 2014ISGMA-364 (수정본) Complete Recycling Me
	31 2014ISGMA-156(수정본)

	빈 페이지
	빈 페이지
	
	01 2014ISGMA-021 Influence of Spark Gap in EDM based on Buckingham’s π Theorem
	02 2014ISGMA-284_full_revise_페이지번호이상
	03 2014ISGMA-596(수정본)
	04 2014ISGMA-597_full_revise
	05 2014ISGMA-031_full
	06 2014ISGMA-142 Prediction of Acceleration of Power-Train based on Rigid Body Motion Analysis
	07 2014ISGMA-175_full_revise
	08 2014ISGMA-271(수정본)
	09 2014ISGMA-367(수정본)
	10 2014ISGMA-052_full_rev1
	11 2014ISGMA-425 Performance of biocomposites reinforced by cellulose nanofiber obtained from
	12 2014ISGMA-346(수정본)
	13 2014ISGMA-053(수정본)
	14 2014ISGMA-038(수정본)
	15 2014ISGMA-152(수정본)
	16 2014ISGMA-154_full_revise
	17 2014ISGMA-065(수정본)
	18 2014ISGMA-292_full_revise
	19 2014ISGMA-434-full_paper
	20 2014ISGMA-174_full_revise
	21 2014ISGMA-041 (원본) Effect of Mg3AlNi2 con
	22 2014ISGMA-582 revised
	23 2014ISGMA-366 A Study on the Recycling of Food - Salt Reduction Plan for Compositing of Food Waste
	24 2014ISGMA-269_full_revise
	25 2014ISGMA-125_full_revise
	26 2014ISGMA-358 Investigation of the Effect
	27 2014ISGMA-028_full_revise
	28 2014ISGMA-144 Development of an Advanced Suturing Mechanism for an Endoscopic Surgery Using Successive Suturing Device
	29 2014ISGMA-436(수정본)
	30 2014ISGMA-364 (수정본) Complete Recycling Me
	31 2014ISGMA-156(수정본)
	32 2014ISGMA-056_full (1)
	33 ISGMA_Paper_Hornberger_Miehe_Bauernhansl
	34 ISGMA Full Paper Robert Kasprowicz




