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ABSTRACT 

In order to broaden the economic pillar in sustainability assessment the indicator ‘domestic 
value added’ is introduced. ‘Domestic value added’ aims at comparing technologies with 
regards to their prospective influence on the added value of a country. This is done by 
classifying a technology’s value added to the developed categories domestic, potential domestic 
and non-domestic. Within this paper methods for estimating this indicator are introduced. Two 
methods are proposed, presented and assessed especially considering their applicability in a 
sustainability assessment context. Both methods are tested on a case study comparing two 
alternative drivetrain technologies for the passenger car sector (battery and fuel cell electric 
vehicle) to the conventionally used internal combustion engine. The first method is based on a 
classic economic assessment whereas the second is based on Input Output analysis. The results 
show, that from a ‘domestic value added’ perspective the battery electric vehicle is already 
more advantageous than the conventionally used internal combustion engine in percentage and 
absolute numbers. Fuel cell electric vehicles have the highest potential to increase their 
‘domestic value added’ share in the future. This paper gives practical information on how to 
prospectively assess ‘domestic value added’ due to substituting existing with less developed 
technologies or innovation. 
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INTRODUCTION 

With the overall goal of supporting a more sustainable future, more and more Life Cycle 
Sustainability Assessments (LCSA) are recently conducted for products and technologies. 
However, this method/framework is still rather immature and developing. Recent publications 
pointed out that the lower maturity of tools assessing economic and social aspects causes 
inconsistencies in LCSA results. Wang et al. (Wang, Maier, Horn, Holländer, & Aschemann, 
2018) came to this conclusion utilizing LCSA for assessing municipal solid waste management 
innovation. Whereas Wulf et al. (Christina Wulf et al., 2018) identified this gap in the course 
of utilizing the UN Sustainability Development Goals for indicator selection within LCSA. The 
economic dimension of sustainability is often assessed with a low number of differing 
indicators compared to the amount used for the ecological or social assessment. Moreover, 
many studies do not put much effort into explaining their (economic) indicator choice. A reason 
might be, that LCSA is mainly evolving out of Life Cycle Assessment (LCA) methodology, 
which is ecologically oriented (Finkbeiner, Schau, Lehmann, & Traverso, 2010). However, 
extension to LCSA asks for more interdisciplinary approaches in order to assess sustainability 
in its whole spectrum.  
Already in 2013 Wood and Hertwich (Wood & Hertwich, 2013) elaborated about how the 
economic dimension of LCSA needs to be modelled in order to include all its important facets 
and to address it equivalently to the other dimensions in this framework. They came to the 
conclusion that the economic dimension should include more indicators than the mostly 
considered Life Cycle Costing (LCC). LCC is hereby understood as the direct cost emergence 
for a stakeholder for obtaining a product or technology including its operation and disposal. 
They proposed to include macroeconomic indicators to address the goal of long-term economic 
sustainability. However, up to now the economic dimension of sustainability is most of the time 
covered by calculating the products LCC and discounting it to its present value (Christina Wulf, 
Werker, Ball, Zapp, & Kuckshinrichs, 2019). This also means that the macroeconomic 
perspective is often neglected. Just one fifth of the economic indicators used in LCSAs 
conducted until the end of 2018 are using a macroeconomic background (Christina Wulf et al., 
2019). Besides other possible macroeconomic indicators, Wood and Hertwich (Wood & 
Hertwich, 2013) suggested to include the concept of ‘value added’ into the LCSA indicator set. 
‘Value added’ is defined as the sum of unit profit, unit depreciation cost and unit labour cost of 
a product, component or process chain. In Wood and Hertwich’s (Wood & Hertwich, 2013) 
eyes ‘value added’ is a suitable indicator as it addresses the full supply chain and economy wide 
interactions as well as economy wide implications a technology has on multiple stakeholders.  
In order to see how frequent an indicator called ‘value added’ is used in LCSA, a systematic 
literature review has been conducted. The database Scopus has been utilized with the key search 
items ‘LCSA OR {Life Cycle Sustainability Assessment} AND value added’ including all 
sources covering this topic. The list is furthermore complemented by sources identified through 
backward search. In the following, the different sources are presented in a chronological order. 
Special attention is paid to the field of application, the underlying idea of the indicator and the 
methods used to assess it. Table 1 summarizes these findings. 
May and Brennan (May & Brennan, 2006) analysed the environmental, economic and social 
impacts of electricity generation systems from fossil fuels in Australia. In this publication, 
‘value added’ is understood as ‘the difference in value between what is sold and the non-labour, 
non-capital inputs that are purchased for its production’ (May & Brennan, 2006). In the life 
cycle perspective, ‘value added’ consists of the sum of the ‘value added’ from each lifetime 
phase. Unfortunately, the authors did not state the origin of the data they used nor the method 
that was applied for calculating the indicator. Thomassen et al. (Thomassen, Dolman, van 
Calker, & de Boer, 2009) included the indicator ‘gross value added’ for a trade-off assessment 
between economic and ecological aspects of a dairy farm. The ‘gross value added’ quantities 
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are taken from a statistical report of the Netherlands. As in the case before, the article does not 
provide additional information about the underlying assumptions or calculation. 

Table 1: Overview of literature using ‘value added’ and related indicators in economic 
sustainability assessment and LCSA  

Author year Scope of study Calculus method Comment 

May and Brennan 
2006 (May & 
Brennan, 2006) 

Environmental, economic and social 
impacts of electricity generation 
systems from fossil fuels in Australia 

N/A Origin of data is not 
published, a definition 
of value added is 
available 

Thomassen et al. 
2009 (Thomassen et 
al., 2009) 

Trade-off assessment between 
economic and ecological aspects of a 
dairy farm in the Netherlands 

N/A Data is used from a 
report, they analyse the 
indicator ‘gross value 
added’ 

Lu et al. 2014 (Lu et 
al., 2014) 

Reusability of waste of electrical and 
electronic equipment 

N/A Indicator definition is 
not specified, origin of 
data is not published 

Jungmeier et al. 2016 
(Jungmeier et al., 
2016) 

LCSA of algae based bio refineries N/A Origin of data is not 
published 

Corona et al. 2016 
(Corona, Rúa, & San 
Miguel, 2016) 

Assessment of ecological and socio-
economic effects due to electricity 
production by a concentrated solar 
power plant 

MRIO Distinction between 
‘net and gross value 
added’ 

Corona and 
Guillermo 2019 
(Corona & San 
Miguel, 2019) 

Whether or not concentrated solar 
power plants based on HYSOL 
technology increase the sustainability 
of the Spanish energy system 

MRIO ‘Net value added’ 
introduced by Corona et 
al. (Corona et al., 2016) 
is utilized 

Konstantas et al. 
2019 (Konstantas, 
Stamford, & 
Azapagic, 2019) 

Assessment of ‘value added’ for 
different products in the confectionary 
and frozen dessert sector out of an 
internal company perspective 

sales price 
reduced by total 
costs of bought-in 
materials and/or 
services from 
cradle to grave 

 

Kucukvar et al. 2019 
(Kucukvar, Onat, 
Abdella, & Tatari, 
2019) 

Assessment of the sustainability of the 
world food production industry on a 
country level 

MRIO Assessment of direct, 
indirect (supply chain) 
and indirect (global) 
impacts, comparison of 
results from utilizing 
different MRIO 
databases 

Banachloche et al. 
2020 (Banacloche, 
Gamarra, Lechon, & 
Bustreo, 2020) 

Assessment of socioeconomic and 
environmental impacts future 
investments in building and operating 
fusion power plants might have 

MRIO Detailed data from 
research project is 
available 

Mair-Bauernfeind et 
al. 2020 (Mair-
Bauernfeind et al., 
2020) 

Prospective sustainability assessment: 
substitution of a conventional steel-
based car component by a wood-based 
in a passenger car  

MRIO Replacement of the 
basic and fabricated 
metals by wood and 
cork products for 
including substituted 
wood-based component 

Fernandez-Tirado 
and Parra-Lopez 
2021 (Fernández-
Tirado & Parra-
López, 2021) 

Assessment of ‘value added’ due to 
the national biodiesel industry in 
Spain between 2005 and 2018 

IO Several scenarios were 
analysed 

N/A: not available, MRIO: Multiregional Input Output, IO: Input Output 
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However, the understanding of ‘value added’ is similar to May and Brennan. Lu et al. (Lu et 
al., 2014) used the indicator ‘value added’ for assessing the reusability of waste of electrical 
and electronic equipment. Again, the authors did not mention the indicator’s definition nor the 
calculation method. Also Jungmeier et al. (Jungmeier et al., 2016) used the indicator ‘value 
added’ in their LCSA of algae based bio refineries, without mentioning their calculation method 
as well as the underlying data. Corona et al. (Corona et al., 2016) investigated the ecological 
and socio-economic effects due to the production of electricity by a concentrated solar power 
plant. For evaluating the economic effect on a meso and macro level, they utilized the indicators 
‘gross and net value added’. ‘Gross value added’ assesses the relevant effects of a concentrated 
solar power plant derived over its life cycle. ‘Net value added’ includes the effects through the 
displacement of other electricity technologies as a result of introducing a concentrated solar 
power plant. They used Multiregional Input Output Analysis (MRIO). Based on this 
assessment, Corona and Guillermo (Corona & San Miguel, 2019) approached the question of 
whether or not concentrated solar power plants based on HYSOL technology increase the 
sustainability of the Spanish energy system. Here the ‘net value added’ approach introduced in 
(Corona et al., 2016) is used. Konstantas et al. (Konstantas et al., 2019) assessed life cycle costs 
and ‘value added’ for different products in the confectionary and frozen dessert sector out of an 
internal company perspective. ‘Value added’ due to the production and consumption of the 
products is calculated as the difference between the sale price and the total costs of bought-in 
materials and/or services from cradle to grave. Kucukvar et al. (Kucukvar et al., 2019) assessed 
the sustainability of the world food production industry on a country level. By using the 
indicator ‘value added’, they measured the long-term economic sustainability of nations based 
on historic data. They utilized MRIO to assess the direct, indirect (supply chain) and indirect 
(global) impacts. Additionally, they analysed whether utilizing different global databases for 
MRIO results in the same findings. Banachloche et al. (Banacloche et al., 2020) assessed the 
socioeconomic and environmental impacts future investments in building and operating fusion 
power plants might have. They used a MRIO assessment method to identify total economic 
stimulation in the different economic sectors by an increase in the demand of goods and 
services, due to the investment and operation of the fusion power plant. Their analysis is based 
on detailed data from a research project. Mair-Bauernfeind et al. (Mair-Bauernfeind et al., 2020) 
conducted a prospective sustainability assessment in order to assess what effect the substitution 
of a conventional steel-based car component by a wood-based has on a passenger car’s 
sustainability. To cover country-specific environmental and socioeconomic substitution effects 
they applied a MRIO assessment method. As the wood-based component was still on a low 
technology readiness level, the scenario of the MRIO analysis was based on replacing the basic 
and fabricated metals in the transport sector by wood and cork products of the same monetary 
value. Fernandez-Tirado and Parra-Lopez (Fernández-Tirado & Parra-López, 2021) analyzed 
the ‘gross value added’ and job creation due to the national biodiesel industry in Spain between 
2005 and 2018 by utilizing an Input Output (IO) method. Several scenarios were analyzed for 
guiding decision-makers in the planning and designing of regulations in this field. The ‘value 
added’ results were furthermore used in a consecutive LCSA study (Fernández-Tirado, Parra-
López, & Romero-Gámez, 2021).  
Looking into the available literature, several findings can be summarized. The older 
publications utilizing ‘value added’ do not put much effort into explaining their way of 
calculating it. The more recent publications mostly used IO analysis and mainly MRIO to 
answer their research questions. The field of application was manifold. Most frequent was 
infrastructure assessment (Banacloche et al., 2020; Corona et al., 2016) and historical 
evaluation of certain industries (Fernández-Tirado & Parra-López, 2021; Konstantas et al., 
2019; Kucukvar et al., 2019; May & Brennan, 2006). Besides Corona et al. (Corona et al., 
2016), all references utilized something similar to ‘gross value added’, while the mentioned 
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publication additionally focused on ‘net value added’ including relevant effects resulting from 
the technology’s substitution. Many publications executed their assessment based on detailed 
cost information gained from quotations within the framework of research projects (Banacloche 
et al., 2020; Corona et al., 2016), which is not a representative boundary condition for other 
LCSAs. Only one source conducted a prospective assessment for substituting a present 
technology (Mair-Bauernfeind et al., 2020). However, this was modelled in a simplified way 
by just changing the underlying material. Overall, ‘value added’ is rarely used as an indicator 
in LCSA. Utilizing Scopus 1.1 % of the results of the search key ‘LCSA OR {Life Cycle 
Sustainability Assessment}’ included ‘value added’ as an indicator. 
To further establish macroeconomic thinking and assessment in LCSA, this paper proposes the 
indicator ‘domestic value added’. ‘Domestic value added’ compares technologies with regards 
to their prospective influence on the value added of a country. This is done by classifying a 
technology’s ‘value added’ to the developed categories (prospective) domestic, potential 
domestic and non-domestic value added. The indicator is based on the macroeconomic unit of 
value added. It aims at being an easier to operationalize indicator. Within this paper two 
methods for estimating this indicator are proposed, presented, and assessed especially 
considering their applicability in a sustainability assessment environment. This paper gives 
practical information on how to broaden the field of application of ‘value added’ to e.g., 
products. Beyond that, it gives insights on how to prospectively assess ‘value added’ due to 
substituting existing with less developed technologies or innovations. This way it enables 
statements about induced changes in the economic structure. It furthermore allows statements 
about the different life cycle phases and component’s share on the ‘value added’ to allow 
suggestions for the future economic structure needed to have sustainable economic 
development. Finally, this work gives some insight on how to assess the indicator ‘domestic 
value added’ even though detailed data sources, like supplier quotations, are not available. All 
of this is tested on a use case comparing the ‘domestic value added’ by a battery electric vehicle 
(BEV) and fuel cell electric vehicle (FCEV) drivetrain concept against the conventional internal 
combustion engine vehicle (ICEV). 
The paper is structured as follows; it starts by introducing the indicator ‘domestic value added’. 
For making it applicable in LCSA in a prospective way two methods for estimating ‘domestic 
value added’ are thoroughly introduced subsequently. Following, their applicability is assessed 
by applying them to a case study on alternative drivetrains in the passenger car sector. Finally, 
a conclusion and an outlook are given.  

METHODOLOGY FOR ESTIMATING ‘DOMESTIC VALUE ADDED’ 
From the literature review, it becomes visible, that ‘value added’ as an indicator for LCSA can 
be understood in different ways. Therefore, in the following the indicator ‘domestic value 
added’ is introduced. ‘Value added’ is defined as the sum of unit profit, unit depreciation costs 
and unit labour costs of a product, component, or process chain. It indicates the economic 
performance of an industry and utilizes statements about the structural change in an economy 
due to the introduction of a new technology. This way it can take long-term economic impacts 
into account. Adding up the value added of all industries in a country equals the gross domestic 
product. ‘Domestic value added’ aims at describing technologies concerning their (prospective) 
influence on the ‘value added’ of a country. This is done by estimating a technology’s value 
added and classifying it to the categories (prospective) domestic, potential domestic and non-
domestic value added. Hereby, domestic means the ‘value added’ that is realized in the country 
under consideration. ‘Value added’ is assumed to be potentially domestic when parts or 
manufacturing steps of a technology are (partly) imported, although similar competences are 
available in the considered country. ‘Non-domestic value added’, is realized if the technology/ 
(intermediate) product is imported. With this classification, ‘domestic value added’ makes it 
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possible to assess the influence the decision for a technology has on the country’s economy in 
a long-term perspective. It allows a grounded estimation about how a technology affects the 
overall welfare of a state, even though the technology is not rolled out in the market yet.  
Two approaches for assessing the ‘domestic value added’ for a technology in the LCSA 
environment are presented. Some general assumptions are valid for both approaches. To 
distinguish between the already spread and substituting technology the term marginal 
technology is borrowed from LCA inventories (Weidema, Frees, & Nielsen, 1999). A marginal 
technology is understood as the technology that is affected by the introduction of an innovation.  

Approach 1 – classic economic assessment 

The first approach is based on a classic economic assessment for evaluating the present 
‘domestic value added’ of a technology. First, the marginal technology is split up into its 
modules and all life cycle phases it undergoes. The purchase price, operational and end of life 
prices to pay for the overall marginal technology are identified. In general, cost calculated by 
companies are constituted out of research and development cost, material cost, depreciation, 
rent, energy cost, labour cost, marketing cost, logistic costs, warehouse cost, capital cost, taxes 
and margin. However, it needs to be kept in mind that prices are generally influenced by 
strategic considerations of the company to find customers (establishing a new product, cash 
cow e.g.). 
Next, the purchase price is split into the modules of the marginal technology. Subsequently the 
marginal technology’s modules purchase price is associated to material, manufacturing, 
installation and overhead, again based on literature information. The operation and maintenance 
effort is associated to material (repair parts) and labour. End of life is split up into waste and 
recycling. Having the constituents of a price in mind the recommended breakdown represents 
a simplification. However, given the fact of sparse literature information this breakdown 
represents a compromise between quality of the statement and effort for data procurement.  
If information about the origin of the module’s material, manufacturing, maintenance material 
and labour as well as waste and recycling is available, it can be used for the domestic or non-
domestic assignment. Otherwise, the abilities of the country under consideration are analysed, 
including its mineral deposits, the located industries, and their capabilities. The following 
aspects can facilitate an assignment to ‘domestic value added’: the technology is installed in 
the country under consideration, maintenance is conducted in the country, high transportation 
effort emerges to import the technology compared to the purchase price or local content 
requirements exist. Aspects possibly indicating ‘non-domestic value added’ are either that the 
country does not have competence in the field needed, or that transportation effort for the 
technology is low compared to the purchase price. For highly developed countries with high 
wages, mass produced components might be an indicator for ‘non-domestic value added’. An 
indicator for mass production can be that similar components are used in other technologies. 
However, it could also be that automation in the production is established which is still located 
in the country. ‘Potential domestic value’ is attributed if a country has published information 
about fostering or establishing certain industry capabilities in the near future. Alternatively, 
companies released information about their intentions to build up related experience in the 
country. It is furthermore associated if the country has limited capacity in the needed skills. 
Additionally, several underlying assumptions for the assignment are made: Overhead in the 
investment phase is assumed to be assigned to the country of the modules manufacturing and 
installation, operation and maintenance effort besides spare parts is assumed to be conducted 
in the country of operation. This four-step approach is represented graphically in Figure 1. 
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( 𝑣𝑎𝑑𝑣𝑎𝑝−𝑑𝑣𝑎𝑛−𝑑) = ∑ ∑ ∑ 𝑝𝑗 ∗ 𝑠𝑖,𝑗,𝑘 ∗  ( 𝑠𝑣𝑎𝑑,𝑖,𝑗,𝑘𝑠𝑣𝑎𝑝−𝑑,𝑖,𝑗,𝑘𝑠𝑣𝑎𝑛−𝑑,𝑖,𝑗,𝑘)𝑞
𝑘=1

𝑛
𝑗=1

𝑚
𝑖=1  (1) 

 

Equation (1) consolidates the calculation steps. Thereby, 𝑣𝑎 in € indicates the value added split 
up into domestic (d), partially domestic (p-d) and non-domestic (n-d) shares. The technology 

modules are represented by 𝑖, the life cycle phase is indicated by 𝑗 (purchase, operation, and 

end of life), the consisting parts over the lifetime are represented by 𝑘 (material, manufacturing, 
installation, overhead, repair, labour, waste, and recycling). The price per life cycle phase is 

depicted by 𝑝𝑗 in € (purchase, operation, and end of life). 𝑠𝑖,𝑗,𝑘 in % is the share of the price (𝑝) 

for each module (𝑖) in its life cycle phase (𝑗) and its consisting part (𝑘) (material, manufacturing, 

installation, overhead, labour, waste, and recycling). Whereas 𝑠𝑣𝑎,𝑖,𝑗,𝑘 in % stands for the share 

of the value added per share of the price (𝑝) for each module (𝑖) in its life cycle phase (𝑗) and 

its consisting part (𝑘). 
If enough information is available, these steps are conducted for the innovative technology as 
well. If this is not the case, the innovative technology needs to be thoroughly compared against 
the marginal on a technical module level. Using analogies and differences, and technology 
readiness level a price estimate becomes possible. However, this results in subjective and highly 
uncertain assignments. Therefore, scenario and expert elicitation can help in improving the 
propositions quality.  

 

Figure 1: Four-step approach for assessing ‘domestic value added’ of a technology with the 
classic economic assessment for a marginal technology in the present 

For evaluating future perspectives, first of all the purchase, installation, operational, and end of 
life prices need to be adjusted taking technical development into account. To update the 
allocation to the country of origin the analysis of patents can be helpful. Baumann et al. 2021 
provided a valuable tool for facilitating a patent search (Baumann et al., 2021). Patents are 
useful as they can be seen as indicators for future industry engagement in specific fields. The 
origin of a company can be taken as an indicator for the country where value added might be 
realized in the future. Thereon the allocation to ‘domestic, non-domestic and potential domestic 
value added’ can be conducted. However, these assumptions are subjective and highly 
uncertain. Therefore, defining several scenarios and assessing a bandwidth of possible 
outcomes can help get indication about future ‘domestic value added’. 
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The result of this approach is a comprehensible allocation of ‘domestic value added’ for the 
present and future of marginal and innovative technologies. This approach is recommended if 
an LCC already exists as a lot of allocation and price information can be reused in this approach.  

Approach 2 – IO based assessment 

The second approach for estimating ‘domestic value added’ is based on IO analysis. IO analysis 
describes the interconnections and interdependencies between industry sectors and product 
flows within a national economy in a detailed way, including freight flows within the national 
economy and the rest of the world in a less detailed way. When a higher level of detail of the 
flow of resources through the global supply chain is important MRIOs are useful as they 
combine country’s more detailed IO tables. IO analysis is beneficial as it allows statements 
about the so-called multipliers. A multiplier can assess direct and indirect effects on a sector’s 
output. Direct effects are effects a technology change has on the direct suppliers. Indirect effects 
are induced by these demand changes in the supply chain beforehand. Furthermore, the IO 
system can be extended by factors of production to represent the effects on household income, 
employment, value added and more, due to a change in demand. This is what is utilized in the 
here presented approach. Mathematically expressed this can be described by equation (2). Its 
derivation is presented in basic literature e.g. (Miller & Blair, 2009; UN Statistics Devision, 
1999). 𝐷𝑐𝑏𝑎 = 𝐹�̂�−1(𝐼 − 𝑍�̂�−1)−1𝑦 (2) 

 

The terminology of ‘pymrio’ is used here (Stadler, 2021). Capital letters are used for matrixes; 

lower case is used for vectors. 𝐷𝑐𝑏𝑎 indicates the total requirements (in this paper’s case the 
total ‘value added’ per industry sector in a respective country) for providing the final demand 𝑦 (which is the marginal or innovative technology). Transaction matrix 𝑍 represents the inter-
industry flows within and across countries. Its columns represent the monetary values of goods 
and services (inputs) from every sector required to produce the goods and services of one sector. 
Each row represents the distribution of goods and services production (outputs) of one sector 

to every sector of the economy. 𝐼 is the identity matrix with size of Z. 𝐹 is the factor of the 
production matrix. It includes linear relationships between value added, employment and other 

social factors and flows between industry sectors. �̂�−1 depicts the diagonalized and inverted 
total industry output. World Input-Output Database (WIOD) (Marcel P. Timmer, 
Dietzenbacher, Los, Stehrer, & de Vries, 2015) and EXIOBASE (EXIOBASE Consortium, 
2021)are two open source MRIO databases which can be used for the assessment. They can be 
regarded as a set of national IO tables that are connected with each other by bilateral 
international trade flows (Marcel P. Timmer et al., 2015). They are built up from published and 
publicly available statistics from national statistical institutes around the world, plus various 
international statistical sources (Marcel P. Timmer et al., 2015). They use the International 
Standard Industrial Classification of All Economic Activities (ISIC) Rev. 4 two digit industry 
sector and product definitions (United Nations, 2008).  
To utilize IO analysis for estimating a technology’s ‘domestic value added’ the technology’s 
direct demand in the different industry sectors in the different countries needs to be defined. 
For defining the demand vector for the present, the technology is split up into its (main) 
consisting parts and life cycle phases. The level of detail needs to allow a distinction between 
the marginal and the innovative technology. The Life Cycle Inventory (LCI) of the LCA can 
be used as an inspiration. In a next step, each consisting part needs to be assigned to industry 
or product groups defined in the databases. Again, information and assumptions integrated in 
the LCI can be useful including the amount of material needed and the assumed production 
processes. Detailed technical description or bill of materials can be useful for matching the 
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technology’s main parts to the industry or product groups mainly defined by the ISIC (United 
Nations, 2008). Next, each part needs to be quantified by its price. A last step is assigning each 
used industry and product group with its country of origin. Using comtrade.un.org, a database 
for product flows all over the world, can help indicating the products or industries most probable 
origin (United Nations, 2021). Banacloche et al. 2020 decided to do the assignment based on 
the country where the consisting part is produced as the supplier was a partner within the 
research project (Banacloche et al., 2020). As a result, a marginal technology’s direct impact 
on the demand in the different industry sectors in the different countries is defined. Herby, 
underlying direct and indirect interconnections between the industries within the transaction 
matrix can be utilized for assessing ‘domestic value added’. Two calculations have to be 
conducted for assessing all types of “domestic value added”. The first with the nowadays 
assignment to the countries and the second assigns the potential domestic category to the 
assessed country. Figure 2 recapitulates the four steps for defining the demand vector for the 
IO analysis estimating the ‘domestic value added’ of a marginal technology in the present. 
For the innovative technologies, all of these steps have to be passed through as well. However, 
it can be more challenging as less information and experience is available. It can be helpful to 
compare both technologies on a technical level and identify underlying differences. Similarities 
can be modelled in a similar way. For differences LCI, literature expert knowledge and own 
assumptions can be the basis for their definition. 

 

Figure 2: Four step approach for defining the demand vector for an IO analysis estimating the 
‘domestic value added’ of a marginal technology in the present 

For estimating the possible future ‘domestic value added’, it has to be kept in mind that the 
transaction matrix represents today’s (the year’s they have been measured) economic structure 
and interconnections between industry sectors. This boundary condition results in the 
assumption that the economic structure in the future does not change from the structure that is 
inherent in the data, if the available transaction matrix Z is used. This is a highly arguable 
assumption as technology, relative prices, imports, and level of aggregation might or does 
change over time. A possible improvement can be gained by modifications of the underlying 
transaction matrix. RAS method, well known for data reconciliation, as one example can be 
helpful in this way (Miller & Blair, 2009). To utilize it, information about the column sum and 
row sum of the transaction matrix as well as the total industry output in the year under 
consideration is needed. RAS is an iterative scaling method, which multiplies each entry in 
today’s transaction matrix with factors in a way that the column or row sum is equal to the one 
needed in the year of consideration. Alternately, column and rows are adjusted until the 
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algorithm converges to a matrix that is consistent with the required row and column totals. A 
more detailed description can be found in (Miller & Blair, 2009; UN Statistics Devision, 1999). 
Several authors proved that this approach helps projecting the transaction matrix into the future 
(Miller & Blair, 2009). However, it is associated with effort and relies on the availability of 
information about row and column sum as well as the overall industry output in the future.  
After updating the transaction matrix, the future demand vector needs to be specified. To assess 
whether today’s consisting parts might still be representative in the future, information about 
technology development is needed. Additionally, this information can help to see if today’s 
consisting parts assignment to industries and product groups will still be valid. Again, 
assumptions from the LCI can be helpful in this assignment. In a best case, for quantifying the 
technology’s price, economies of scale and learning curve approaches for assessing future 
prices are available. For updating the origin of the consisting parts, the analysis of patents can 
be as helpful as in the first approach. However, these assumptions are subjective and highly 
uncertain. Therefore, defining several scenarios and assessing a bandwidth of possible 
outcomes can help to get indication about future ‘domestic value added’.  
After conducting the IO analysis, a comprehensible allocation of ‘domestic value added’ for 
the present and future of marginal and innovative technologies is possible. 

APPLICATION AND DISCUSSION OF THE APPROACHES: A CASE STUDY ON 

ALTERNATIVE DRIVETRAIN TECHNOLOGIES FOR THE PASSENGER CAR 

SECTOR 

In the following, both approaches are applied to a case study on alternative drivetrains in the 
passenger car sector. The goal of this application is to show the feasibility of both approaches 
and to investigate benefits and hurdles for applying them.  
Before the actual assessments are conducted the system under consideration is briefly 
introduced. Two different alternative drivetrain technologies for passenger cars are compared 
to the marginal technology, a conventional ICEV fuelled with gasoline. The analysed 
innovative technologies are BEV and FCEV. The considered life cycle phases of these 
technologies are the investment phase including the drivetrain components and the passenger 
cars operational phase including the supply chains of the fuels (please compare Figure 3). 

 

Figure 3 Depiction of different drivetrain technologies for passenger cars including the fuel 
supply chains (icons are taken from (Project, 2021)) 

Hydrogen for the FCEV is produced by alkaline water electrolysis, which is powered by 
electricity from onshore wind. It is transported in high pressure trailers on trucks to the 
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hydrogen refuelling station. For BEV the same type of electricity is used which is conducted 
via the electricity grid to the charging stations. The ICEV is fuelled with gasoline, which is 
produced in a refinery based on mineral oil. The same process chains are used in Haase, Wulf, 
Baumann, Ersoy, et al. (2021) and were first introduced by C. Wulf and Zapp (2021). Both 
sources provide further technical details. The lifetime of all passenger cars is assumed to be 18 
years with a mileage of 15,000 km/a (ADAC, 2021d). The fuel consumption for all passenger 
car types is based on ADAC sources (ADAC, 2021b, 2021c, 2021d). For all three passenger 
car types the same power as well as the same glider is considered. It is assumed that they just 
differ in terms of the drivetrain system. The alternative drivetrain technologies rely on an 
electric motor and differ in the energy storage system. The BEV has a lithium-ion (Li-ion) 
battery system on board, which provides the electricity for the electric motor. Additional 
components include the charger and a converter. The FCEV has a much smaller Li-ion battery, 
which is only used as a buffer and for recuperation of braking energy. The main part of the 
energy is stored chemically as hydrogen, which is transformed to electricity in the fuel cell. 
Thus next to the additional equipment for a BEV also a hydrogen tank is necessary, which is 
made of carbon fibre and stores the hydrogen under pressure. The ICEV needs much less 
electrical equipment; instead, the internal combustion engine is its centre piece. Additionally, 
an exhaust gas system is needed as well as a simple tank for the gasoline and a starting system. 
The three technologies are compared with regards to the functional unit driven kilometre. Scope 
of the case study is the ‘domestic value added’ for Germany in 2020. 

Approach 1 – classic economic assessment for drivetrain concepts 

The following chapter exemplarily presents the application of the introduced four-step approach 
for the classic economic assessment (please compare Figure 1). The passenger car is split up 
into glider, drivetrain and storage for the investment phase. Mechanical workshop, insurance 
and tax, fuel and fuel station are distinguished within the operational phase. Due to a lack of 
data the end-of-life phase is not assessed.  
German passenger car purchasing prices are considered including value added tax (VAT) 
(ADAC, 2021b, 2021c, 2021d). Similar to Haase et al. 2021 a macroeconomic perspective is 
assumed for the average cost of raising capital on the financial market (Haase, Wulf, Baumann, 
Rösch, et al., 2021). An interest rate of 2.75 % is considered as the average interest rate listed 
for Federal securities for Germany between 2003 and 2020 (Bundesbank, 2021). It is assumed 
that the glider cost is not influenced by the chosen drivetrain technology. Its absolute price is 
based on (James, Huya-Kouadio, Houchins, & DeSantis, 2018). Due to a lack of data, the glider 
price is distributed between material, manufacturing and overhead similar to the rest of the fuel 
cell powertrain system in source (FEV Consulting GmbH, 2020). For the allocation to domestic, 
potential domestic and non-domestic it is generally assumed, that manufacturing and overhead 
are realized in the same country. The ratio of passenger cars from German original equipment 
manufacturers (OEM) on the total amount of registered passenger cars is utilized to assign the 
price to the ‘domestic value added’ categories (Kraftfahrt Bundesamt, 2021). Both assumptions 
result in the distribution for ICEV and BEV. For FCEV it is known that passenger car’s 
manufacturing has been stopped in Germany. However, it is assumed that the glider could be 
manufactured in Germany. 
The drivetrain’s part of the purchase price for ICEV is calculated as the difference between 
passenger car’s purchase price and glider price. Underlying is the assumption that the fuel tank 
of the ICEV is included in the drivetrain. The FCEV drivetrain is assumed to consist out of the 
fuel cell system and the electric motor/inverter (James et al., 2018). The BEV drivetrain price 
and distribution between material, manufacturing and overhead is adopted from a report (FEV 
Consulting GmbH, 2018). The split up for the ICEV is assumed to be similar to the FCEV and 
adopted from a report (FEV Consulting GmbH, 2020). The assumptions for the allocation to 
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domestic, potential domestic and non-domestic introduced for the glider are applied similarly 
for the drivetrain. 
For the ICEV the storage system is not explicitly taken into account. The storage system price 
of the BEV, is based on estimations reproduced from (Schmidt, Hawkes, Gambhir, & Staffell, 
2017; Wentker, Greenwood, & Leker, 2019). Both the hydrogen storage system and the small 
battery for the FCEV are included in the storage system price (James et al., 2018). For the BEV 
storage system the step of assigning the price to material, manufacturing and overhead is 
skipped, as a source is already available for the allocation to domestic, potential domestic and 
non-domestic value added (Ersoy, Baumann, & Weil, 2021). This source assigns based on a 
table indicating German industries ability or potential ability to manufacture batteries 
(Michaelis, 2015). For the FCEV similar assumptions as for the glider are applied to allocate to 
domestic, potential domestic and non-domestic value added. 
For the operational phase, average prices for mechanical workshop, insurance and vehicle tax 
are used (ADAC, 2021a, 2021c, 2021d). It was not possible to find data splitting the mechanical 
workshop price up into labour and spare parts (material). However, it is assumed that labour 
has the highest impact on the price and material is negligible. It is assumed, that passenger cars 
registered in Germany get their maintenance in Germany, therefore 100 % ‘domestic value 
added’ is assumed. Insurance and vehicle tax is as well assumed to be 100 % ‘domestic value 
added’, as it is assumed that the passenger cars have a German insurance contract. 
For all fuels no taxes other than VAT is considered. Including additional taxes would distort 
the analysis as they are defined by politics and represent tools to impact the market and support 
certain development but are not technologically inherent. The average price of gasoline over 
the last ten years (excluding tax and contribution margin) is assumed for the ICEV fuel 
(Mineralöl Wirtschafts Verband e.V., 2021). The source for BEV fuel, is an average household 
electricity price provided by onshore wind power (BDEW, 2021; Bundesnetzagentur, 2020). 
Green hydrogen, the fuel for FCEV, constitutes its price out of electricity provided by wind 
power and the electrolysis needed for the conversion into hydrogen [27]. Due to VAT and some 
refineries inside of Germany the distribution between domestic and non-domestic value added 
for gasoline is developed. For household electricity price provided by onshore wind power, 
wind turbine’s direct investment cost is assumed to be domestic if the wind turbine OEM is 
originally from Germany (Statista, 2021). The incidental turbine investment cost as well as 
operation and maintenance are assumed to be domestic for turbines installed in Germany 
(Wallasch, Lüers, Heyken, & Rehfeldt, 2019). Additionally, further electricity price elements 
are included in the assignment (BDEW, 2021). For green hydrogen the electricity assumptions 
are adopted. Unfortunately, no documented market for electrolysis exists. Based on the author’s 
knowledge it is assumed that its investment can be mainly attributed to ‘non-domestic value 
added’. The underlying price assumptions are described in [27]. 
For the ICEV fuel station the contribution margin of the gasoline price is assumed to be the 
price to operate the fuel station (Mineralöl Wirtschafts Verband e.V., 2021). The price per 
kilometre for the BEV’s charging station constitutes out of its investment costs, its losses while 
operating and further operational efforts (Kabus et al., 2020; Nationale Plattform 
Elektromobilität, 2015; Schroeder & Traber, 2012). It is furthermore assumed that only 30 % 
battery charging is done on public charging stations (Kabus et al., 2020). Hydrogen fuel station 
price per kilometre constitutes out of transport, storage, and the operation of the fuel station. 
The underlying price assumptions are described in [27]. It is assumed that both gasoline fuel 
station and electricity charging components can be manufactured in Germany. Therefore, 100 
% ‘domestic value-added’ is assumed. For hydrogen fuel stations it is more complex. As the 
market for these components is not as developed as for the other technologies, it is assumed, 
that investment is mainly non-domestic. According to experts, only minor parts are produced 
in Germany. Lorries for transportation and compressors for storage are also not assumed to be  
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Table 2: Application of classic economic assessment for estimating ‘domestic value added’ 
for different drivetrain technologies in the German passenger car sector in 2020  

 Unit ICEV BEV FCEV 

Model - Golf e-Golf Toyota Mirai & 
Hyundai Nexo 

Investment phase 

Purchase price incl. 
VAT 

€2020 27,703 (ADAC, 
2021d) 

31,996 (ADAC, 2021c) 78,600 (ADAC, 
2021b) 

Glider % 70 (James et al., 
2018) 

60 (James et al., 2018) 31 (James et al., 
2018) 

Mat/ manu/ o % 43/30/27 (FEV 
Consulting GmbH, 

2020) 

43/30/27 (FEV 
Consulting GmbH, 

2020) 

43/30/27 (FEV 
Consulting GmbH, 

2020) 

d/ p-d/ n-d % 36/0/64 (Kraftfahrt 
Bundesamt, 2021) 

36/0/64 (Kraftfahrt 
Bundesamt, 2021) 

0/36/64 (Kraftfahrt 
Bundesamt, 2021) 

Drivetrain % 30 17 (FEV Consulting 
GmbH, 2018) 

41 (James et al., 
2018) 

Mat/ manu/ o % 43/30/27 (FEV 
Consulting GmbH, 

2020) 

47/23/30 (FEV 
Consulting GmbH, 

2018) 

43/30/27 (FEV 
Consulting GmbH, 

2020) 

d/ p-d/ n-d % 36/0/64 (Kraftfahrt 
Bundesamt, 2021) 

34/0/66 (Kraftfahrt 
Bundesamt, 2021) 

0/36/64 (Kraftfahrt 
Bundesamt, 2021) 

Storage % - 22 (Ersoy et al., 2021; 
Schmidt et al., 2017; 
Wentker et al., 2019) 

24 (James et al., 
2018) 

Mat, manu, o % - - 43/30/27 (FEV 
Consulting GmbH, 

2020) 

d/ p-d/ n-d % - 34/13/53 (Ersoy et al., 
2021; Michaelis, 2015) 

0/36/64 (Kraftfahrt 
Bundesamt, 2021)  

Domestic value 
added d/ p-d/ n-d  

€-ct 
2020/km 

4.77/0/8.4 5.35/0.43/9.36 0/12.9/22.62 

Operational phase 

Mechanical 
workshop 

€2020/a 950.84 (ADAC, 
2021d) 

577.73 (ADAC, 2021c) 1,026.14 (ADAC, 
2021a) 

d/ p-d/ n-d % 100/0/0 100/0/0 100/0/0 

Insurance & tax €2020/a 1,145.13 (ADAC, 
2021d) 

934 (ADAC, 2021c) 1,881.26 (ADAC, 
2021a) 

d/ p-d/ n-d % 100/0/0 100/0/0 100/0/0 

Fuel €-
ct2020/km 

2.77 (Mineralöl 
Wirtschafts Verband 

e.V., 2021) 

4.48 (BDEW, 2021; 
Bundesnetzagentur, 

2020) 

5.62 [27] 

d/ p-d/ n-d % 20/0/80𝑎 

(Mineralöl 
Wirtschafts Verband 

e.V., 2021) 

94/1.8/4.2 (Statista, 
2021; Wallasch et al., 

2019)  

56/20/24 𝑎  

Fuel station €-
ct2020/km 

0.86 (Mineralöl 
Wirtschafts Verband 

e.V., 2021) 

2.66 (Kabus et al., 2020; 
Nationale Plattform 

Elektromobilität, 2015; 
Schroeder & Traber, 

2012) 

4.74 [27] 

d/ p-d/ n-d % 100/0/0 100/0/0 35/18/47 𝑎  

Domestic value 
added d/ p-d/ n-d 

€-ct 
2020/km 

14.72/0/2.22 16.97/0.08/0.19 24.2/1.99/3.55 

Domestic value 

added over the life 

cycle d/ p-d/ n-d  

€-ct 
2020/km 

19.5/0/10.59 22.32/0.5/9.54 24.2/14.89/25.18 

 mat: material, manu: manufacturing, o: overhead, d: domestic, p-d: potential domestic, n-d: non-domestic, a: own assumptions 
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produced in Germany. The authors suggest a detailed market analysis in order to get more 
accurate information. The operation of lorry, hydrogen fuel station and the storage system is 
assumed to be entirely domestic for hydrogen. Table 2 aggregates the underlying assumptions 
and results. 
Based on these assumptions it is possible to calculate the ‘domestic value added’ categories for 
a kilometre ride considering the entire life cycle of a passenger car in 2020. Figure 4 shows the 
results as percentages of the overall value added. Blue indicates todays ‘domestic value added’, 
orange depicts ‘potential domestic value added’ and grey indicates ‘non-domestic value added’ 
of a passenger car bought in Germany in 2020 with a certain drivetrain. Figure 4 can be 
understood as the lifetime value added distribution per euro spend. It becomes visible that the 
BEV is most favourable in terms of ‘domestic value added’ in relative numbers. Closely 
followed by ICEV. For the used assumptions FCEV seems least attractive in terms of ‘domestic 
value added’. Even if the ‘potential domestic value’ share is additionally taken into account, 
this sequence of advantageousness between the technologies is not changed. However, FCEV 
have the highest potential to increase their share of ‘domestic value added’ in the future. Based 
on the underlying assumptions the BEV seems to have the highest economic sustainability when 
consulting ‘domestic value added’ shares as the long-term economic indicator.  

 

Figure 4: Estimated ‘domestic value added’ category distribution over the lifetime resulting 
from the classic economic assessment for different drivetrain technologies in the German 

passenger car sector in 2020 

This result might seem surprising as Germany has a vital automotive industry in the ICEV 
manufacturing sector and BEV capacities are just emerging. Figure 5 helps understanding this 
result. It depicts the value added distribution over the passenger car’s lifetime in absolute 
numbers. Indicated in dashed black rectangles is the value added resulting from the investment 
phase which represents the main ICEV manufacturing sector’s impact. It becomes visible, that 
more than half of the cost arising over the life cycle emerge in the operational phase. And even 
though a vital manufacturing automotive industry exists, a bit more than a third of the value 
added is realized in Germany in the investment phase. 
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Figure 5: Estimated absolute lifetime value added distribution resulting from the classic 
economic assessment for different drivetrain technologies in the German passenger car sector 

in 2020 (black dashed indicates the investment phase) 

Figure 5 can also be useful in evaluating the impact of the localization strategy on the ‘domestic 
value added’. It shows the ‘domestic value added’ categories in a detailed way over the 
passenger car’s lifetime phases. Similar to Figure 4 blueish indicates ‘domestic value added’ 
category, reddish depicts ‘potential domestic value added’ and greyish ‘non-domestic value 
added’. In absolute numbers ‘domestic value added’ is highest for FCEV, a bit lower for BEV 
and with slight distance the lowest for ICEV. Including ‘potential domestic value added’ into 
the consideration, the FCEV leads to the highest absolute amount by far. However, it also results 
in nearly double the life cycle cost of a BEV and ICEV. Moreover, it is interesting to see, that 
the overall price per kilometre for the marginal technology is slightly lower than BEV. Mock 
and Diaz (Mock & Diaz, 2021) come to similar conclusions in their white paper. 
Both ways of presenting the ‘domestic value added’ (absolute and percentage) have their raison 
d'être but implications for the individual application need to be transparent. A percentage 
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assessment is advised if different options are compared against each other. Utilizing an absolute 
presentation might be suitable for assessing a countries economic site allowing statements about 
indirect effects on employment. However, the results need to be considered with care, as a high 
‘domestic value added’ can also be a result of the circumstance that the system under 
assessment is in general more expensive (e.g., FCEV in our example) and therefore leading to 
absolute higher results.  
However, these results are based on a lot of different assumptions which is a good transition to 
a critical view on the first approach. First, this approach is highly dependent on available data 
about prices, distribution to certain groups (like material), and the country where the considered 
value is added. Sometimes information exists which can be easily implemented in the 
assessment. In other situations, diverging data is available. Sometimes no information is 
available at all. The two latter ones depend even more on the underlying assumptions. The 
dependency on information can also lead to distortion in the results, as the influencing aspects 
cannot be modelled equivalently detailed or no information about the underlying assumptions 
is available. However, if the sources and assumptions are transparently provided, this analysis 
provides a good basis for discussion. Sensitivity analysis can help as well. An assessment about 
the level of detail, comprehensibility of the underlying data and assumptions and level of 
divergence in underlying information source is important for assessing the results quality. 
However, the first approach for assessing ‘domestic value added’ seems to be a valuable way 
to extend sustainability assessment in terms of the long-term economic perspective. 

Approach 2 – IO based assessment for drivetrain concepts 

For the second approach (IO analysis-based assessment), only the investment phase of the case 
study is exemplarily presented for selected aspects. The entire ICEV is assessed, a battery for a 
BEV is analysed and a fuel cell for FCEV is included in the assessment. The goal is to show 
different ways of preparing the demand vector of a technology for an IO analysis in order to 
assess the indicator ‘domestic value added’. The preparation is conducted for using WIOD (M. 
P. Timmer, Los, Stehrer, & de Vries, 2016). 
The application follows the steps introduced in the methodology chapter (please compare 
Figure 2). For this approach more technical background information and knowledge about the 
compared technologies is required than for the first one. The technologies need to be split up 
into their main consisting parts or even the different process steps for providing them. Table 3 
presents three different level of detail chosen for the components assessed in the case study. 
For the marginal technology ICEV the average distribution of the sector it is assigned to in IO 
analysis: ‘20 C29 Manufacture of motor vehicles, trailers and semi-trailers’ is chosen, inspired 
by (Kaul et al., 2019). For the battery a comparably high level of detail is chosen, as the 
manufacturing steps of the battery parts are considered based on (Ersoy et al., 2021). The fuel 
cell is split up into its components and underlying parts based on (Miotti, Hofer, & Bauer, 
2017).  
In the second step, these consisting parts are assigned to industry or product categories used in 
the transaction matrix. Table 4 presents the assignment of the entire ICEV, the battery as well 
as the fuel cell to the ISICs Rev. 4 two digit industry sector and product definitions (United 
Nations, 2008). For analysing the ICEV it is assumed that the sector ‘20 C29 manufacture of 
motor vehicles, trailers and semi-trailers’ is representative for a usual passenger car. Based on 
this assumptions Kaul et al. (Kaul et al., 2019) defined the needed advance inputs for this sector 
in Germany in 2015 based on the statistic information from the German federal office of 
statistic. However, they assumed that 72 % of the advance input comes from within Germany. 
They did not assess the additional import needed. This way of assigning a technology to the 
industry and product categories is only possible for a marginal technology, as it needs to be 
established and included in the statistics of a country. Moreover, the passenger car sector plays 
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a special role as an entire category is defined for it in the IO tables. This circumstance is not 
necessarily transferable to other marginal technologies.  
Argonne National Lab provides a detailed cost model for estimating Li-ion battery packs 
(Nelson, Ahmed, Gallagher, & Dees, 2019). It allows to estimate material and manufacturing 
effort in a scalable way depending on the battery design and the number of items produced. 
With this model all manufacturing steps are individually included as well as the used material 
types and general overhead. This highly detailed model enables an easy assignment to the 
industry sector and product definitions (United Nations, 2008). The numbers used in the model 
have been compared and aligned to recent German publications (H. Heimes, H.  et al., 2018; H. 
H. Heimes et al., 2018).  
For the fuel cell assignment supplementary material from Miotti et al. (Miotti et al., 2017) is 
utilized. It includes a detailed balance of plant cost calculation for fuel cells. Here costs for most 
parts of the fuel cell modules are provided. The parts are assigned to the ISICs Rev. 4 two digit 
industry sector and product definitions (United Nations, 2008). The S12 2030 conservative 
scenario is used for this assessment. Concluding a bill of material like provided from Miotti et 
al. (Miotti et al., 2017) can be a valuable starting point for the assignment.  

Table 3: Level of detail needed for assigning the technologies to ISICs Rev. 4 two-digit 
industry sector and product definitions  

ICEV Battery Fuel cell 

Assumed to align with the average 
distribution of sector ‘20 C29 

Manufacture of motor vehicles, 
trailers and semi-trailers’ 
respectively ‘inländische 

Produktion von Kraftwagen und 
Kraftwagenteilen (WZ29)’ in the 
German federal office of statistics 

IO tables 

Portfolio (system integrator, 
machines and equipment, machine 

components and tools, service), 
process and systems technology 
(raw material conditioning, foil 
rollers, separator production, 

mixing, coating, dying …)… please 
compare (Ersoy et al., 2021; Nelson 

et al., 2019) 

Catalyst (platinum, coating), 
membrane (production PFSA), gas 
diffusion layer (macroporous layer, 
production gas diffusion layer)… 

please compare (Miotti et al., 2017) 

However, when looking in Table 4 it becomes visible that the perspective or level of detail on 
which the assignment is conducted has an impact on the resulting allocation. As for ICEV the 
entire sector is evaluated, this results in the inclusion of some not directly obvious sectors e.g. 
52 P Education, or 35 H53 Postal and courier activities. For the battery something like a new 
sector ‘battery production’ is defined, which includes the production of cells based on 
electrodes and raw material, as well as the assembly of battery modules and packs for the 
desired capacity. Therefore, wage, depreciation and margin are accounted for. Moreover, the 
detailed description allows a sophisticated assignment similar to the sector evaluation for ICEV. 
As the assignment for the fuel cell is based on the bill of material, a rougher allocation is 
possible. Intentionally the authors used these three different approaches for sector allocation in 
order to point out to the differences it can lead to. In order to get consistent results, similar 
approaches or similar assumptions for the assignment are in need. Or these weaknesses need to 
be mentioned when presenting the results. 
The last step is the indication of the country where the industry sector is originated (see Table 
4). For the ICEV just the inputs needed from inside of Germany have been mentioned by Kaul 
et al. (Kaul et al., 2019). Therefore, all inputs are assigned to Germany. For an overall 
assessment, the imports need to be included as well. For the battery assignment an industry 
report from VDMA is utilized (Michaelis, 2015). It includes a table indicating German 
industries ability or potential ability to conduct different activities to manufacture batteries. For 
activities not conducted domestically, mainly trade databases have been consulted in order to 
indicate the involved countries  
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Table 4: Exemplary information for formulating the demand vector for ICEV, battery and fuel 
cell for 2020 

 
ICEV Battery Fuel cell 

 Purchase price  
incl. VAT, €-2020 
ISICs Rev. 4 two digit 
industry sector and 
product definitions 
(United Nations, 2008) 

19,946 (Kaul et 
al., 2019) 

5,915 (Nelson et al., 2019) 11,578 (H. Heimes, 
H.  et al., 2018; H. 
H. Heimes et al., 

2018; Miotti et al., 
2017) 

 Share 
% 

d/ p-d/ n-d 
% 

Share 
% 

d/ p-d/ n-d 
% 

Share 
% 

d/ p-d/ n-d 
% 

6 C13-C15  0.2 1/0/0    1.83 0/1/0 (J) 

(VDMA, 2018) 
11 C20 0.5 1/0/0 21.73 24/52/24 (U, C, H, N, S) (BloombergNEF, 

2020; Michaelis, 2015) 
  

13 C22  4.3 1/0/0 5.89 51/29/19 (F, E, P, I, N, NA, UK) (Michaelis, 

2015; World Integrated Trade Solutions, 2019) 
35.42 0/1/0 (J) 

(VDMA, 2018) 
14 C23    1/0/0 2.85 41/38/21 (EU, L, NA, Su, B) (Michaelis, 

2015; Wolrd Integrated Trade Solutions, 2019) 

 
 

15 C24  8.6 1/0/0 6.21 24/17/59 (DR, Ch, Ag, Au, So, R) 

(BloombergNEF, 2020; Michaelis, 2015) 
6.27 0/1/0 (J) 

(VDMA, 2018) 
16 C25  3.9 1/0/0 0.87 61/21/18 (C, U, P, I, F, B, CR, S, A) 

(Database, 2021; Michaelis, 2015; United 
Nations, 2021) 

8.73 0/1/0 (J) 

(VDMA, 2018) 

17 C26 0.2 1/0/0 3.58 59/23/17 (C, U) (Michaelis, 2015; United 

Nations, 2021) 
15.8 0/1/0 (J) 

(VDMA, 2018) 

18 C27  1.2 1/0/0 7.81 61/21/18 (C, NA, U, CR, F, P) (Michaelis, 

2015; Solution, 2019) 
1.94 0/1/0 (J) 

(VDMA, 2018) 

19 C28 2.3 1/0/0 1.33 29/22/49 (C, NA, U, CR, F, P) (Michaelis, 

2015; Solution, 2019) 
22.67 0/1/0 (J) 

(VDMA, 2018) 
20 C29 49.5 1/0/0    

 
 

23 C33  2.3 1/0/0 2.02 1/0/0 
 

 

24 D  0.6 1/0/0 3.11 1/0/0 
 

 

26 E37-E39  
 

 0.59 1/0/0 
 

 

27 F  0.4 1/0/0 0.02 1/0/0 
 

 

28 G45  5.6 1/0/0    
 

 

29 G46  2.9 1/0/0    
 

 

30 G47  1.3 1/0/0    
 

 

31 H49 1.4 1/0/0    
 

 

34 H52     0.01 1/0/0 
 

 

35 H53 0.4 1/0/0 
 

 
 

 

37 J58 0.2 1/0/0 1.33 1/0/0 
 

 

38 J59_J60 0.2 1/0/0    
 

 

39 J61 0.2 1/0/0 
 

 
 

 

40 J62_J63 0.7 1/0/0 0.01 35/43/22 
 

 

41 K64 0.8 1/0/0 0.34 1/0/0 
 

 

42 K65 0.2 1/0/0 0.93 1/0/0 
 

 

43 K66 
 

 0.02 1/0/0 
 

 

44 L 1.5 1/0/0 0.01 1/0/0 
 

 

45 M69_M70 1.9 1/0/0 5.77 1/0/0 
 

 

46 M71 0.7 1/0/0 0.5 76/18/6 
 

 

47 M72 
 

1/0/0 4.42 1/0/0 
 

 

48 M73 0.6 1/0/0 4.08 1/0/0 
 

 

49 M74_M75 0.4 1/0/0 0.07 1/0/0 
 

 

50 N 1.3 1/0/0 0.32 1/0/0 
 

 

51 O 0.5 1/0/0 0.56 1/0/0 
 

 

52 P 0.6 1/0/0 
 

 
 

 

Wage    9.79 1/0/0 
 

 

Depreciation    5.65 1/0/0 
 

 

Margin    10.19 1/0/0 
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Abbreviations: d: domestic, p-d: potential domestic, n-d: non-domestic, U – USA, C – China, H – Hong Kong, N – Netherlands, S –Switzerland, 
F – France, E – East Asia & Central Pacific, P – Poland, I – Italy, NA – North America, UK – United Kingdom, EU – Europe and Central 
Asia, L – Latin America and Caribbean, Su – Sub-Sahara Africa, B – Brazil, DR – DR Congo, Ch – Chile, Ag – Argentina, Au – Australia, So 
– South Africa, R- Russia, B – Belgium, CR – Czech Republic, A – Austria, J - Japan  

(Solution, 2019; Wolrd Integrated Trade Solutions, 2019; World Integrated Trade Solutions, 
2019; United Nations, 2021). Due to a lack of detailed data, it is assumed that the potential 
domestic and non-domestic shares are assigned to the countries indicated in bold in Table 4. 
However, this might not reflect reality this is a feasible solution. Similar to the first approach 
no ‘domestic value added’ is assumed for the fuel cell as no German OEM provided FCEV in 
2020. Though a VDMA report indicates potential for German supplier and fuel cell manufacture 
to establish in the fuel cell market (VDMA, 2018). This information is utilized for estimating 
the potential domestic shares. As Toyota and Hyundai (both Japanese) are the companies 
mainly producing and selling FCEVs it is assumed that nowadays all the shares are associated 
to 100 % to Japan (VDMA, 2018). However, it is positively assumed, that in the future all steps 
can be conducted within Germany.  
Figure 6 presents the ‘domestic value added’ for the investment phase for the entire ICEV, a 
battery and a fuel cell in a percentage depiction based on the described assumptions utilizing 
the IO approach. Blue indicates todays ‘domestic value added’, orange depicts ‘potential 
domestic value added’ and grey indicates ‘non-domestic value added’ of the investment into on 
of the assessed parts in Germany in 2020. It becomes visible that the ICEV has the highest share 
of ‘domestic value added’ nowadays. However, on a percentage scale the investment into a fuel 
cell can potentially lead to an equivalent percentage of ‘domestic value added’ in the future, if 
all the steps being conducted in Japan today can be implemented in Germany. The figure 
furthermore shows that under the assumptions made the battery in a BEV will lead to a 
maximum of 30 % of ‘domestic value added’. 
 

 

Figure 6: Estimated ‘domestic value added’ category distribution resulting from the 
investment in different drivetrain components/technologies in the German passenger car 

sector in 2020 based on IO approach  

The case study showed, three possible ways to prepare a demand vector for an IO/MRIO. It 
furthermore showed that it can be difficult to assign technologies to industry sectors. Like the 
approach before, it is highly dependent on the assumption about this distribution. Additionally, 
by assigning it to an industry sector it is assumed that this part needs the same supply chain and 
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input as the average product supplied by this sector. However, the IO method has the major 
advantage that the information about average trans-sectoral and transnational exchanges are 
inherent in its tables. 

CONCLUSION AND OUTLOOK 

The economic pillar in LCSA can and should be extended to a more long-term sustainability 
perspective. The indicator ‘domestic value added’ enables an extension in this term by assessing 
the value added due to a technology for a country. A literature review showed that indicators 
assessing the value added of a technology are seldom used in LCSA. To change this situation 
and to offer a broader view on the economic sustainability, this paper presented two methods 
of estimating the indicator ‘domestic value added’. The first method, based on a classic 
economic assessment, is cumulated in a four-step sequence. Applying it to a case study for 
comparing different drivetrains in the passenger car sector shows that its results are highly 
dependent on available data and the chosen underlying assumptions. However, a transparent 
presentation of these assumptions provides a good basis for discussion. Furthermore, an 
assessment about the level of detail, comprehensibility of the underlying data and assumption 
and level of divergence in underlying information source can help assessing the quality of the 
results. In the second approach, Input Output analysis is utilized due to its capability of 
describing interconnections and interdependencies between industry sectors and product flows 
within national and international economies. Having this information inherently incorporated 
requires less assumptions for the price assignment compared to the first approach. However, a 
more technological view is necessary if a certain level of detail is aspired to model the input 
needed for the technologies. The inherent information in the Input Output tables presents an 
average technology in the specific sector in a specific time, which mostly does not completely 
represent the assessed technology. Adjustments are cumbersome but can help improving the 
results accuracy. After the conduction of both methodologies a comprehensible allocation of 
‘domestic value added’ for the present and future of marginal and innovative technology’s is 
possible. 
This paper makes a step forward towards integrating additional indicators into sustainability 
assessment by proposing and evaluating two methods for estimating the indicator ‘domestic 
value added’. However, for further establishment of this indicator additional case studies are 
needed. They will help testing the methodologies. This way an assignment of a certain LCSA 
question to the best suitable method for assessing ‘domestic value added’ is facilitated. 
Additionally, the combination of both approaches might be reasonable for certain technologies. 
Furthermore, it would be interesting to extend the indicator to ‘net domestic value added’ by 
including structural impacts, that the introduction of an innovative technology can have on the 
marginal.  

NOMENCLATURE 

Acronym/abbreviation Description 

BEV battery electric vehicle  

FCEV fuel cell electric vehicle  

GDP gross domestic product 

ICEV internal combustion engine vehicle 

IO Input Output  

ISIC International Standard Industrial Classification of All Economic 
Activities 

LCA Life Cycle Assessment  
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LCC Life Cycle Costing 

LCI Life Cycle Inventory  

LCSA Life Cycle Sustainability Assessments 

MRIO Multiregional Input-Output Analysis  

OEM original equipment manufacturer  

VAT value added tax  

WIOT World Input-Output database 
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