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    Chapter 16   
 Taking Life Cycle Management Mainstream: 
Integration in Corporate Finance 
and Accounting 

                           Cornelis     Theunis     Van Der     Lugt    

    Abstract     What does it take for life cycle management (LCM) to capture the 
 attention of the fi nancial community? LCM experts face a window of opportunity as 
technological progress and economic developments lead to greater interest in main-
streaming the sustainability agenda and integrating it in business decision-making. 
This includes new approaches to the assessment of impacts on Natural Capital, 
environmental management as well as annual corporate reporting. Having high-
lighted these, this chapter employs a Green Business Case Model to defi ne ways in 
which life cycle applications can be employed to link with core fi nancial indicators 
of special interest to investors. It describes three hypotheses to illustrate where 
LCM tools can best make a difference, positively affecting core fi nancial value driv-
ers. The author suggests three hypothetical pathways to capture the attention of 
investors, linking environmental life cycle costing (LCC) and fi nancial, activity- 
based costing. These are complemented with company case examples. It draws les-
sons from past work on the business case as well research on environmental versus 
fi nancial life cycle costing (LCC).  

  Keywords     Accounting   •   Corporate fi nance   •   Life cycle assessment   •   Life cycle 
costing   •   Life cycle management   •   Life cycle thinking   •   Sustainability  

1         Evolution in Assessment, Management 
and Reporting Standards 

 Technological progress and improved understanding of the impact of a growing 
world population on resource use globally has set the scene for a gradual trans-
formation of environmental assessment, management and reporting tools over 
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the last decade. While globalization and trade liberalization has led to greater 
integration in the world economy, it has also been accompanied by increasing 
fragmentation in production (see OECD  2012 ; Elms and Low  2013 ). The life 
cycle assessment (LCA) community has seen a lively debate on, for example, the 
value of deepening research to the level of product subsystems versus widening 
research through systems expansion (cf Curran  2013 ), as well as combining pro-
cess-LCA and Input–output (IO) LCA to deal with the complexities of long sup-
ply chains and product chain organization (see Gereffi  et al.  2005 ; Finnveden 
et al.  2009 ; Koh et al.  2013 ; Lake et al.  2014 ; Eriksson and Olsson  2011 ; 
Baumann  2012 ). 

 Furthermore, global fi nancial crises as well as dramatic cases of corporate failure 
has led to renewed questioning of the role of corporate reporting. Frustration about 
information overload in annual reports and apparent lack of what is really material 
or strategic information has led to the birth of an integrated reporting movement. 
The International Integrated Reporting Council (IIRC) seeks to promote “integrated 
thinking”, akin to “life cycle thinking”. In defense of the GRI Guidelines, all its 
environmental indicators refl ect a life cycle approach. This includes impacts at the 
end of the useful life of the product, especially important for life cycle management 
(LCM) as environmental life cycle costing (LCC) takes into account use- and end-
of- life phases and hidden costs (Klöpffer  2008 ). The LCA response to the integra-
tion challenge has been to defi ne the emergence of life cycle sustainability 
assessment (LCSA) (see Finkbeiner et al.  2010 ; Guinee et al.  2011 ;    Hellweg and 
Canals  2014 ) 

 Against this background of value chain complexity and initiatives in favor of 
integration, this chapter seeks to defi ne pathways along which life cycle assessment 
(LCA) applications and life cycle thinking can be integrated with core business 
planning and strategic fi nancial performance (Eun et al.  2009 ). Importantly, this 
chapter is not about moving from environmental and/or social LCA to economic 
LCA. Rather, it is about moving from environmental LCA to business fi nance and 
accounting. Its refl ections will also be relevant for what integration in the form of 
sustainability LCA (a new integrated LCA or compilation of separate assessments) 
implies, and how life cycle sustainability assessment (LCSA) could be engrained in 
corporate fi nancial planning.  

2     Linking Life Cycle Assessment with Financial 
Value Drivers 

 The weighting of different impact categories and resource use in the impact assess-
ment (LCIA) steps of LCA takes us to the heart of making the business case and 
linking it with corporate fi nance. This is where relative importance of impacts and 
dependencies are assigned, where the level of signifi cance is determined, where 
ultimately the question of fi nancial materiality is asked from a business perspective. 
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ISO recognizes that this involves subjective judgment, and is dependent on the 
 overall goal of an LCA study (goal and scope defi nition). In the accounting and 
reporting domain, international standards from International Accounting Standard 
Board (IASB), IIRC (IIRC  2012 ,  2013 ), GRI and AccountAbility (AA1000) 
include recognized defi nitions of “materiality” and recommend procedures for 
determining “levels of signifi cance” that involve various stakeholders to a greater or 
lesser degree. 

 Monetized costing provides an important way of weighing or prioritizing 
among various impacts and dependencies. A valuable fi eld for making the link 
between LCA and business fi nance is life cycle costing (LCC), both fi nancial 
LCC and environmental LCC (see Hunkeler et al.  2008 ; Reich  2005 ; Hunkeler 
and Rebitzer  2003 ). The former refers to fi nancial economic analysis of a product 
or a function, in other words, conventional business fi nancial analysis that would 
be done for investment decision-making considering the economic life cycle of 
the product or function. This contrasts with environmental LCC, which involves 
weighting the environmental impacts of an LCA system in monetary terms. Links 
between the two become evident when the environmental impacts have an eco-
nomic impact on the system being analyzed, for example when environmental 
externalities are being taxed by local authorities. The environmental LCC may 
more scientifi cally refl ect resource scarcities than the fi nancial LCC, which when 
using mainstream economic system prices or market values for resources signal 
costs that may not adequately refl ect real, absolute resource scarcities. This is 
where risk defi nition needs to be more science-based and refl ect appropriate con-
text. Furthermore, in as far as an investment decision for a specifi ed number of 
years to come needs to be made in the face of uncertainty (such as future pricing 
or taxing of resource use or pollution), business managers can benefi t from the 
application of real option (RO) theory in combination with LCA and LCC (cf 
Cucchiellaa et al.  2014 ). 

 Any attempt to integrate monetized values of signifi cant life cycle impacts or 
dependencies in business decision-making has to address the indicators that are of 
greatest interest to chief fi nancial offi cers (CFOs) and those who provide fi nancial 
capital to enterprises. This is essential in making the business case, mapping out 
cause and effect relations between environmental or sustainability actions and 
fi nancial results for the business. It can be illustrated by using a “Green Business 
Case Model” (Van der Lugt and Bertoneche  2013 ) that includes the core fi nancial 
value drivers of special interest to fi nancial managers. 

 The listed action areas and connectors included in the model (see Table  16.1 ) 
have been identifi ed based on the review of over 60 research articles and business 
reports on the business case that have been published from 2002 to 2012 (see, for 
example, Margolis et al.  2007 ; Ambec and Lanoie  2007 ; Berger et al.  2007 ; EABIS 
 2009 ; Molina-Azorín et al.  2009 ; Business in the Community  2011 ). Considering 
the evolution of business case research over the last decade, it is evident that the 
indicators most commonly referred to can best be grouped in a three step model of 
(i) action areas, which lead to change in the area of what can be described as (ii) 
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precursor or lead indicators, change that eventually affect (iii) the fi nancial value 
drivers. For each of the rows of indicators a cause and effect relation can be 
 hypothesized. For illustrative purposes three of these are discussed below, with 
examples including special reference to LCA applications. It shows pathways of 
making the connection between greening actions and business fi nancial 
performance.

2.1       Growth of Sales 

  Hypothesis for Sales Growth     As market and regulatory demand for sustainability 
grows, the business that (i) makes effective use of design for sustainability and 
delivers greener products and services will be in a position to (ii) boost its innova-
tion ability and attract more customers, which (iii) will show positive results in its 
growth of sales.  

 This argument aligns with the proposition by management experts that sustain-
ability has become the key driver of innovation, in new products and services as 
well as business models (Nidumolu et al.  2009 ). Take-up of such products and ser-
vices is boosted by, among others, more reliable information (e.g., labeling). Of 
special signifi cance for LCA-based product innovation, and LCM more broadly, is 
survey research by McKinsey with Boston College ( 2009 ) which cited innovation, 
new products, new customers, and new markets as specifi c areas where sustainabil-
ity factors have demonstrable impact on overall organizational growth. The chal-
lenge for the LCM community is to illustrate how LCA can be employed in a 
convincing manner to deliver products with reliable certifi cations and product infor-

   Table 16.1    The Green Business Case Model (columns 1–3), with additional references to LCM 
linkages (column 4)   

  Environmental action areas  
  Connectors: 
lead indicators  

  Financial value 
drivers    LCM linkages  

 Eco-design (DfE)  Customer 
attraction 

 Growth of sales   Product LCA  

 Goods and services  Brand value, 
reputation 

 Duration of sales   Ongoing LCM  

 Standards (incl. life cycle) and 
technologies 

 Innovation  Operating margin   LCC and CBA  

 Supply chain management  Operational 
effi ciency 

 Investment in 
fi xed capital 

  Maintenance, 
Remanufacturing  

 Education, training  Human capital, 
productivity 

 Investment in 
working capital 

  Product service 
systems  

 Risk management  Risk profi le  Cost of capital   Impact risks  
 Communications, reporting 
(incl. stakeholder engagement) 

 License to 
operate 

 Tax rate   LC-based 
eco-taxes  
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mation. It may, for example, be asked whether the price of the product includes 
costs associated with the use and the end-of-life phases of the product. In as far as 
the greener product may be more expensive, consumers need education and  guidance 
to realize that over the full life cycle the product is in fact cheaper. To start with, the 
LCA opportunity starts at the design phase. Eco-design has often been cited as one 
of the obvious applications of life cycle thinking, integrating business economics 
and the environmental sciences. Consider, for example, that most of the resource 
requirements and environmental impacts of products are predetermined during their 
design stage. 

 The need for reliable labels and certifi cations applies not only to manufactured 
products. Consider agrifood products and increasing consumer concern about where 
(local versus imported) and under what conditions (organic or sustainable) they 
have been produced. The retailer sector provides growing evidence of the use of 
green labels and the ability of major corporations to report impressive growth in the 
sales of such products. Whole Foods Market ( 2011 ), a Fortune 500 company and 
largest retailer of natural and organic foods in the USA, has seen its sales grow from 
$92.5 million in 1991 to $10.11 billion in 2011, at a compounded annual growth 
rate of 26 %. 

 Topical examples of product innovation and LCC can be found from companies 
such as Procter & Gamble (P&G), General Electric (GE), Puma, and Baxter. 
Mindful that consumers’ product use causes the highest level of water consumption 
related to a detergent product’s life cycle, P & G in 2007 switched all of its liquid 
detergents to a compact formula. By fall 2008, its Fabric Care and Home Care seg-
ment had seen a 10 % increase in net sales growth (CERES and Pacifi c Institute 
 2009 ). Launched in 2005 as an explicitly cleantech labeled product range, the 
Ecomagination products of GE reached sales of US$18 billion in 2009 – the size of 
a Fortune 150 company. GE has since predicted that revenues of Ecomagination 
products will grow at twice the rate of total company revenues over the coming 5 
years (Porter and Kramer  2011 ). By 2015 the company reported sales revenue of 
Ecomagination products since 2005 was US$160 billion. 

 In 2010, the sporting goods company PUMA published an environmental profi t 
and loss (EP&L) account, providing a monetary value on life cycle environmental 
impacts along its entire supply chain. The methodology in doing this involved a 
hybrid I-O process LCA. It enabled the company assess its overall environmental 
impacts valued at EUR 145 million in 2010 and defi ne its most signifi cant environ-
mental impacts, where these impacts mainly occur (tiers 3 and 4 of the supply 
chain), in which regions most of the impact occur (Asia Pacifi c) and how they are 
spread in its product portfolio (e.g., mainly related to footwear). Today its annual 
report includes a Sustainability Scorecard that gives performance data by product, 
factories and company. From 2010 to 2012 its global brand sales grew from EUR 
2.86 billion to EUR 3.45 billion (PUMA  2012 ). 

 The EP&L published by Puma can be compared with the Environmental 
Financial Statement published by healthcare company Baxter in its annual environ-
mental reports since the mid-1990s. The statement by Baxter lists annual environ-
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mental costs as well as environmental income, savings or cost avoidance. These 
refl ect actual costs associated with activities such as pollution control,  environmental 
fees for packaging, energy and water consumption. The Baxter statement rather 
refl ects an approach akin to fi nancial LCC, as opposed to the Puma statement that 
refl ects the application of an environmental LCC. In 2012, Baxter ranked number 
86 in the Corporate Knights list of “Global 100 Most Sustainable Corporations in 
the World” and for the 11th year was recognized as the Medical Products Industry 
Leader of the Dow Jones Sustainability World Index (Dhanda  2012 ). In its annual 
sustainability report Baxter prominently discusses the application of LCA and LCM 
including the conducting of product sustainability reviews (PSRs) that are described 
as providing the foundation for its sustainable product design. From 2008 to 2012, 
its annual sales revenues grew from US$12.3 billion to US$14.2 billion.  

2.2     Duration of Sales 

  Hypothesis on Duration of Sales Growth     The business that (i) introduces greener 
goods and services to the market, backed up consistently by recognized standards 
and labels, will (ii) reap the benefi t of greater brand value and reputation, enabling 
it (iii) to sustain a good growth of sales with longer duration.  

 Any assessment of the fi nancial health of a company needs to consider not only 
its “growth of sales” over the last quarter or year. It also has to consider the “dura-
tion of sales,” for example, trends over a 5-year period. The ability to not only reach 
new customers but also maintain their loyalty and trust over the longer term is 
determined by a range of factors, all of which serve to build company or product 
brand value. This is where credible use of LCM tools and consistent communication 
of product performance based on LCA applications can be critical. It may 
also require applying LCM in developing or assessing not just individual 
products or product lines but a broader product portfolio with longer-term customer 
relations in mind. 

 From surveys of senior managers and investment professionals in global fi rms it 
is evident that brand and corporate reputation tends to be a key area where they see 
a business case. The concern with reputation implies not only business to consumer 
(B2C) but also business to business (B2B) relations. If brand is to provide a guaran-
tee of product safety and quality, the ongoing performance of all tiers of suppliers in 
the value chain becomes critical. This presents fertile ground for applying life cycle 
methods in business value chains. Accompanying the attributes of greener products 
and services with greener standards in operations will serve to further boost the 
reputation of both product and company (cf Iraldo et al.  2014 ). 

 A survey in 2012 of 1,375 consumers and 575 senior executives of companies 
with revenues of over US$500 million in China, Brazil, the USA and the UK found 
that 78 % of respondents indicated they do not buy a product if they do not like the 
parent company (Weber Shandwick and KRC Research  2012 ). In addition, 67 % 
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indicated they examine product labels to fi nd the parent company, and 56 % would 
think twice if they could not fi nd information about the company behind it. This 
illustrates possible limitations of only applying LCA to products, and the advan-
tages of broadening the scope and applying life cycle thinking transparently to the 
broader enterprise. 

 Supporting duration of sales and continual improvement in quality is of course 
the training of employees and incentives for management in the use of LCM tools. 
Consider the example of life sciences and material sciences company Royal DSM 
( 2010 /2012). It links almost one-quarter of management compensation to the com-
pany’s performance in eco-product development, energy effi ciency and employee 
engagement. The company’s 23,000 employees deliver annual net sales of more 
than €9 billion. ECO+ products constituted 40 % of running business sales in 2010 
and 43 % in 2012.  

2.3     Operating Margin and Capital Expenditure 

  Hypothesis on Profi t and Capital     Through (i) the use of recognized standards 
and cleaner technologies in its own operations to use resources more sustainably, as 
well as advancing those through its supply chain, a business can (ii) improve its 
operational effi ciency – its ability to turn inputs into productive outputs in a cost- 
effective manner – as a result of which (iii) it will improve its net profi t margin and 
optimize its capital expenditure.  

 The key role of resource effi ciency in operations and its impact on earnings 
before interest and taxes (EBIT) is recognized today, especially in industries in 
highly competitive markets such as information and communications technology, 
car manufacturing and consumer goods. Traditional analysis on the business case 
has tended to start off by highlighting cost savings, in particular savings related to 
energy use. In as far as resources are wasted and polluting emissions not avoided, 
business earnings will additionally be taxed in more economies world-wide. An 
analysis of the carbon exposure of an emerging markets investment portfolio bench-
marked against the S&P/IFCI LargeMidCap Index is illustrative. For 16 fi rms from 
emerging markets, analysis by Trucost ( 2010 ) has found that at US$108 per metric 
ton of carbon dioxide equivalent (CO 2 e) by 2030, carbon costs could equate to more 
than 100 % of their EBIT (Carbon Disclosure Project  2010 ). 

 The costs of penalties for inaction contrasts with the benefi ts of preventative 
action. 3M has been running its Pollution Prevention Pays (3P) program for 40 
years by 2015. In 2013 it estimated that since its inception the program has served 
to avoid 1.9 million metric tons of pollutants (waste, air and water pollution) and 
saved the company nearly US$1.8 billion based on aggregated data from the fi rst 
year of each 3P project (3M Sustainability Report  2014 ). LCM is applied to all its 
products. Furthermore, LCM evaluation as a required component of its New Product 
Introduction process. It is also building on its LCM experience to develop new sus-
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tainability solutions. Clearly this is no longer just about operational effi ciency in the 
name of cost savings. More companies have also started to focus on increased 
 revenues and competitive market position. 

 McKinsey ( 2011 ) has found that 70 % of productivity opportunities today have 
an internal rate of return (IRR) of more than 10 % at current prices. As a result, 
some argue that business fi nds itself in the era of the Resource Revolution (Heck 
and Rogers  2014 ). Alongside opportunities are growing risks related to resource 
use. The cost of raw material inputs is impacted by growing natural resource con-
straints, which puts at risk the profi t margins and EBIT of a range of sectors. The 
past decade alone has reversed a 100-year decline in resource prices. Analysis of 
fast-moving consumer goods companies by WRI and ATKearney in the late 2000s 
considered the impact of commodity price rises (Callieri et al.  2008 ). They calcu-
lated an ecofl ation scenario in which natural resource constraints cause a reduction 
of 13–31 % in EBIT by 2013, and 19–47 % by 2018 for companies that do not 
develop strategies to mitigate the risks posed by environmental pressures. Examining 
data from six fi rms with a global presence in producing food, beverages, personal 
care and household care items, they found that, on average, raw materials and pack-
aging costs each equaled 15 % of revenues (Von Falkenstein et al.  2010 ). 

 What then is the connection between cleaner production standards, operational 
effi ciency and  capital expenditure ? Improved effi ciency in the use of resources will 
drive more optimal use of  fi xed assets  (e.g., land, buildings, equipment, machinery, 
vehicles). A challenge for the LCM community is to defi ne how life cycle manage-
ment of fi xed assets can bring effi ciency improvements through the use of approaches 
such as remanufacturing. There also exists an LCM opportunity with respect to 
 working capital , a fi nancial value driver with respect to which limited research on 
the green business case exists. It is related to the use of product service systems 
(PSSs) in the form of leasing rather than buying equipment, which can bring signifi -
cant savings alongside its environmental benefi ts. This includes effi ciencies due to 
services provided at scale, onsite or offsite, by an external business partner (see 
Willard  2012 ). In how far is LCA able to capture such benefi ts with different system 
boundaries involved? If LCA and LCC can quantify the benefi ts of PSSs in physical 
and monetary terms, the fi ndings will also be of special relevance to working capital 
expenditure. PSS-related effi ciency improvements can serve as a driver for innova-
tion in the way inventory and customer or supplier relations (receivables or pay-
ables) are managed.   

3     Conclusion 

 Amidst greater interest in how enterprises use different types of capital and generate 
value in a sustainable manner, LCM has to prove its value by illustrating linkages 
with corporate fi nance and strategic performance. Considering the core fi nancial 
value drivers highlighted in this chapter, the necessary contribution of LCM is sum-
marized below:
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•     Sales growth and its duration : LCM has to be used effectively in the design of 
products or product portfolios, services and business models that are convinc-
ingly sustainable. LCC experts have recognized that new business models may 
be required to develop more integrated (not fragmented) value chain systems 
(Swarr et al.  2011 ). Mindful of the lead indicators of customer attraction and 
brand reputation, LCA applications also have to be used credibly and consis-
tently in a manner that enables the communication of reliable information via 
labels and the like to customers.  

•    Operating margin : The use of LCM standards, internally and through supply or 
value chains, need to effectively promote innovation and operational effi ciency 
in order to boost operating margins. This is not simply about short-term profi t. It 
is about defi ning avoided and opportunity costs in making business approaches 
that secure the longer-term sustainability of profi t and cash fl ows.  

•    Investment in fi xed and working capital : LCA experts need to consider in how far 
their methodologies can be used to defi ne the value of closed loop manufacturing 
(CLM), in particular remanufacturing, as well as product service systems (PSSs) 
in enabling more optimal and sustainable capital expenditure. CLM and PSSs are 
highly under-estimated.  

•    Cost of capital : LCM needs to be effectively integrated with risk management, 
helping broadly to defi ne hot spots in value chains and, specifi cally, through the 
collection of bottom-up data, risks of various kinds (including operational and 
regulatory) that may be associated with specifi c products, operations and organi-
zational entities. In addition, the providers of fi nancial capital need to be edu-
cated about the meaning of LCA fi ndings.  

•    Tax rate : The LCA community needs to illustrate how its research can be used by 
regulators to defi ne convincing eco-tax regimes that succeed to reward early 
adopters and penalize enterprises that persist with damaging products, services 
and business models.    

 It is theoretically convenient to state that environmental LCC is different from 
fi nancial LCC and activity-based costing (ABC) in management accounting (cf 
Rebitzer and Nakamura  2008 ). One is focused on the costs of environmental 
damage and the other on business costs. It is, however, imperative today to defi ne 
the link between these two and not leaving this to regulators. It means that LCA 
experts will need to support cost benefi t analysis in which the incentives and cost 
structures for individual actors involved in whole life cycle systems or value 
chains are assessed. Furthermore, analysis will also need to show an ability to 
assess  future  costs and benefi ts likely to occur in the short, medium or long term. 
While seeking to meet these expectations, the LCM community will need to take 
cognisance of the preference among the mainstream investment community for 
“using a handful of the most important indicators and proxies to capture risk 
(that) can minimize complexity” (IIRC  2012 ). The three hypotheses examined in 
this chapter suggest pathways to capture the attention of investors in tackling this 
diffi cult task.     
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