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Abstract 

The vision of Industry 4.0 foresees also much lower time delays between activities and feedback control. Among factors which influence 
delays in supply chains are long distances between activities in a complex global supply chain and the response latency of older workers, in the 
case that there are no properly developed programs for avoiding this phenomenon. The analysis of a trade-off between these factors is the 
subject of this article. Mitigating the decreasing functional capacities of the ageing workforce, to keep the old workers’ productivity on the 
higher level while their functional capacities are decreasing, collaborative robots and smart workstations are advised. The second solution is to 
move a part of production to foreign countries where the demographic structure is in favour of young workers, and human resources are much 
cheaper.  In the article, we are developing a model for a trade-off between two solutions: to invest in collaborative robots or to develop early 
retirement schemes and to move the production plants abroad. Therefore, the basic trade-off is between robotisation, keeping short distances 
between activity cells in a supply chain, and transportation costs which include also additional costs of delays in a system. The model is based 
on the skeleton of the extended MRP theory of Grubbström and Bogataj and evaluated by the NPV and, as a novelty, also by the actuarial 
present value APV in the criterion function. Extended MRP enables to extend the model of multi-echelon systems which is presented by the 
same authors in the International Journal of Production Economics, under the title: The ageing workforce challenge: investments in 
collaborative robots or contribution to pension schemes, from the multi-echelon perspective to global supply chains. The article explains why it 
is important to link the annuities for repaying the investment in robots to the flow of funds for workers' salaries when weighing between early 
retirement and investment in collaborative robots. The model is applied to a real industrial case of the production of pumps and can be easily 
implemented also in other international supply chains where the differences in the demographic structure, salaries and automatization between 
countries are substantial and the eligibility of transport costs is questionable. 
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1. Introduction 
    
    Working populations in the European Member States are ageing, and cities are shrinking. Age related expenditures on health 
care, long-term care and pensions in national social systems claim increasing share of GDP [1]. Pension spending in 
Luxembourg is projected to rise from 9.0% of GDP in 2016 to 17.9% in 2070 Significant growth in pension spending is 
projected for Belgium, Czech Republic, Germany, Cyprus, Luxembourg, Malta and Slovenia. Spending on health care is 
projected to grow in all EU Member States and spending on long-term care is projected to almost double in many countries. To 
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stay competitive supply chain managers will need to understand long term care dynamics of age-related expenditures 
(contributions to national social systems for pensions, health care and long term care) and required growth in productivity of their 
European operations. Therefore, the age management and reforms in which retirement age is increasing, are becoming key areas 
of activities by which human resources are managed within organizations and social systems with an explicit focus on ageing via 
public policy or collective bargaining [2].  Europe 2020 strategy states as employment target: “75% of people aged 20–64 to be 
in work”. Challenges are highlighted in the recently published EUROFUND study [3]. The retirement age in public pension 
schemes will reach 70 years by 2060, in many EU member states. Many industrial and logistics workers will not be able to work 
to the increased retirement age. Their Unions require better workplace ergonomics or the possibility of early retirement. The 
expected healthy life years at birth is 17 years shorter than the overall life expectancy for men and 22 years for women. In this 
time windows, many workers need to receive pensions. The challenge of an ageing workforce brings various aspects that need to 
be addressed to achieve sustainability and competitiveness of supply chains. Regarding Industry 4.0, many authors [4] recently 
concluded that older adults require a longer time to solve a computational problem and had decreased accuracy by ageing, having 
problems when the task is more complex. Namely, because of rapid advances in modern technologies, employees should control 
more and more complex production and logistic processes in which they have to control multiple displays. They have to operate 
simultaneously many input devices. In studies of many researchers, about tasks that required more complex executive 
functioning, the conclusions are that such tasks had greater age discrepancy in performance variability, with more frequent and 
larger performance variabilities in the older participants. According recent study of workers in assembly line, experienced older 
workers as members of a team can improve the productivity [5] when including in assembly line. The details about ageing 
workforce management in manufacturing systems are described in Calzavara et al.  [6]. The main reason for the decline in the 
productivity of older workers is an increase in absence from work due to ill health. It causes lower capacities in production and 
perturbations in timing as analyzed already in [7,8,9], on the bases of Grubbström’s MRP Theory,  described in an overview [10] 
and updated in [11]. According to [12], musculoskeletal disorders are steadily increasing by the ageing of workers performing 
assembly jobs which frequently involve highly repetitive, short-cycle operations in assembly processes. By increasing the official 
retirement age, the number of workers qualifying for disability pensions on the grounds of musculoskeletal disorders, like spinal 
disease and strain injuries is increasing [13].  Aittomaki et al. addressed the association between advancing age and poor 
performance in physically demanding work [14]. A correlation between age and productivity depends on the workplace and 
physical characteristics of workers because of their incline to different kind of musculoskeletal disorders [12]. According to the 
analysis of Aiyar et al. productivity at 22% of workplaces in EU is increasing with the ageing of workers (managers and highly 
educated and skilled professionals), at some workplaces (around 23%) the productivity is age-neutral, while for employed in 
machine operators and assemblers the productivity is decreasing by ageing [15]. This population is subject of consideration in the 
paper. There are many solutions to solve the problem when a worker falls under the threshold of abilities to continue his/her 
work at his/her workplace properly.  One of the solutions is to relocate him/her on the less demanding workplace; second is to 
give him better supporting environment like collaborative robots or enable him to work for shorter working time per day, or to 
allow him to retire. 
    In the paper, we show how to measure the influence of ageing on the perturbation of NPV in production and logistics, as 
results of the simultaneous perturbations of the timing. These perturbations can be better evaluated simultaneously through the 
Input/Output analysis, Laplace transforms and the NPV expression which enables us to forecast and control the physical and 
financial flows simultaneously. In each activity cell of a supply chain, the functional decline of workers is different. For each 
workplace exist the optimal retirement age. Retirement age at the workplace can increase in the case of investment in workplace 
ergonomics. The functional decline of workers influence parameters of pension schemes, health, and long-term care insurance 
schemes. In short, if most people continue to retire at around 60 years of age, the European labour force will shrink by around 
three million per year over the period 2020 to 2035 as reported by EU-OSHA [3]. There is a need for a new and more 
comprehensive policy design to counter the shortage of workers in the future, particularly to keep workers in employment for 
longer. This cannot be done by cutting pension entitlements to force people to work for longer, but must be thought of as a 
systemic change, “thinking about work from a life-course perspective” the improvements of poor workplace ergonomics which 
influence productivity is the best approach to solve these problems [6, 16, 17]. According to one of the four principles of 
Industry 4.0, there is a need to support humans by innovative new ergonomics-oriented equipment and collaborative robots. 
Consequently, currently, there is a growing demand for applications with arm-based robots [18]. Robots will become a safe help 
to reduce fatigue and cognitive stress during human work, without substituting expert workers. To invest in such systems or to 
delocalize the production system in East of EU is the question to which the model will answer. While the paper [19], based on 
the MRP Theory, did not consider transportation matrix with transportation delays (the all multi-echelon production was 
considered under one roof), here we shall pay particular attention to the transportation costs and transportation delays as 
discussed and implemented by Battini et al. [20] on the bases of previously introduced perturbed transportation matrices [21].   
    The structure of the paper is the following: The chapter 2 is divided in explanation why the Grubström‘s MRP model is the 
best for studying the impact of  latency of human resources on the perturbations in the total supply chains, and explain the 
options which are available to reduce the impact on these consequences (2.1), while the second subchapter is based on the 
extension of MRP model by introduction of transportation delay matrix and transportation direct costs matrix, recently 
developed by Bogataj et al, as stepwise presented  in [23],[25] and [26].   The development of this theory (without analysis of 
perturbations) is broadly described in [11]. In the chapter 3 the economic consequences are described. There is explained why the 



1430 David Bogataj  et al. / Procedia Manufacturing 39 (2019) 1428–1437
 Bogataj, Battini, Calzavara, Persona / Procedia Manufacturing 00 (2019) 000–000  3 

net present value of the cost of goods sold should contain the actuarial present value and not only the net present value of 
salaries, and why the investments in cobots should be modelled as suggested here, which was often question of scientists when 
discussing this approach. At the end, the chapter 4 is presenting a numerical example, which was given as a typical case when a 
company or the network of producers decide to find a cheaper workforce in a foreign country, but transportation costs become  
substantial in such cases. As the model does not include some other important factors, like environmental consequences and 
environmental taxes, also obsolesce and other reasons for decision making on a finite horizon are not considered here, therefore 
the list of suggestions for further research is proposed at the end of this paper. 
 
2.  The basic model 
2.1.  Human resources in the extension of the Grubbström’s MRP Theory 

 
 In this paper the model published in [19] will be extended in modelling global supply chains, and the actuarial present value 

will be introduced in total evaluation of the NPV of the net profit. The article [19] is based on the skeleton of the MRP theory of 
Grubbström [22],[10] and the income evaluated by the NPV in the criterion function. The introduction of the transportation 
matrices (the perturbed transportation lead time matrix and the perturbed transportation costs matrix) in the model enables to 
extend the model of multi-echelon systems presented by Bogataj et al. [19] to a global supply chains. Let us structure the costs of 
labour to the costs of current salaries ,L ic in each workplace i  , contributions to a pension scheme , ,R i L ic  where ,R i  is a 
share of salary which goes to the pension fund, and costs of investments in collaborative robots and other ergonomic 
improvements , ,R i L ic . We shall consider an option that investments in collaborative robots increase the labour cost from ,L ic  
to , ,(1 )L i E ic  , where , ,E i L ic   are factored into the program of investments in ergonomics and , ,R i L ic   are factored into 
the application of earlier retirement. There are two options for decisions: (a) the ergonomics could also be improved enabling 
seniors to work longer or (b) early retirement schemes are introduced and some activities are allocated in foreign country, where 
human resources are less expensive but perturbations on the roads and border crossings could add additional uncertainties [8,24]). 
Any of these decisions could influence the quality and quantity of production in the workplace and also affect the lead time in a 
supply chain. The benefit to the total supply chain could be evaluated through using the Net Present Value (NPV) approach only 
because investments and activities have different dynamics on the time horizon of the production and distribution in the total 
supply chain. The analysis in the paper is based on MRP theory, as found in the papers of Grubbström [10, 22], being extended to 
the global supply chain [23,25,26] in which the location of activity cells is also considered [23,27]  including regional 
characteristics, such as the cost of labour and ageing of the European population. According to the basic MRP theory [10,22] 
shortly described below, the j-th process is run on activity level (in node j) having intensity jP , the volume of required inputs of 
item i is ij jh P  per time unit.  The total of all inputs may then be collected into the column vector HP. The net production is 
determined as (I - H)P. In general, P is a time-varying vector-valued function. In MRP systems, lead times could be easily 
studied simultaneously in a total supply chain if using the Laplace Transforms methodology.  
 
2.2. Delays in transportation and the generalised transportation - production matrix 

    If ( )jP t  is the rate of items j,  planned to be completed at time t, then the number ( )ij jh P t of items i need to be available for 
production or reloading in a time unit which is a lead time j  in advance of time t, i.e. at the time ( )jt  , before starting this 
production process. Because of the transportation delay, it should be sent from the previous activity cell at a time  

While the item i is assumed to be located previously at the location i it will be available for activity j  at the 
location j  before the activity ( )jP t  starts, and it will need a certain time ij  to arrive there. For our needs, we consider an 
assembly system of water pumps. This process can be perturbed in nodes by reducing the functional capacities of ageing workers 
or on roads because of customs duties on borders, road works, accidents and other reasons, which could influence cascaded risk. 
The input requirements are given as transforms in the perturbed generalised transportation- production-input matrix, which is 
denoted '( )sH . '

0( )sH is perturbed transportation lead time matrix. 
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Thus, the requirements for the production plan ( )sP written as '( ) ( )s sH P are specified in the frequency domain where the net 
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For cyclical processes, which repeat themselves in constant time intervals ,  j = 1, 2, … , n, the plan ( )sP  is written 
[10,25,26] and here extended because of ageing to the perturbed  
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Here '( ) '( )s st Γ  is the product of perturbed matrices of starting moment of activities ( )st and total cycle '( )sΓ ,  P̂  is a vector 
of constants:  for instance, batch sizes to be produced in each process during one of the periods ' j j j   , j = 1, 2, … , n. 
Furthermore, in the above equation (2),  (1 )j jt  , j = 1, 2, … , n, are the points in time when the first of each respective cycle 
starts being perturbed for because of declining functional capacities of workers at j-th nodes. Let us use the approximation 
for perturbed expression describing ˆ( ) ( )' ( )'s s sP t T P  
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Let us collect the economic values of items into a perturbed price vector p, which is a row vector, as follows: 

  1 1 1 1
1 1 2 2(1 ), (1 ), ... , (1 )n np p p          p p p ,                                                         (4)            

 
where i is the relative reduction of prices of the item i  ( 0)i  , because the worker in the production unit i  is no longer able 
to assure the best quality of products, due to his advanced age or because we have replaced this worker with a new one without 
needed specific skills on distant location. By investments in better ergonomic conditions in workplaces, the reduction of negative 

i could be achieved. The choice between better products with higher price and lower transportation costs and reduced lead-
times on the one hand and not to invest in improvements of ergonomic conditions, on the other hand, and retired earlier, can be 
achieved based on the NPV evaluation. According to the Net Present Value Theorem, the NPV of the cash flow is obtained by 
replacing the complex frequency s with the continuous interest rate  , for example for NPV of production NPVprod , ordering 
and fix costs per cycle ordNPV , and transportation trNPV , the total NPV: totNPV for the perturbed system is:    
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In (5) K  is a row vector of the setup costs and other fixed costs of the cycle also costs of annuities for other investments except 
for investments in the collaborative robots. In (5) Π is a perturbed transportation costs matrix: 
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where ijb is the cost of transportation of one unit of the item i  one hour on the route from i  to j so that the cost of transportation 
one item all along this route is ij ijb  . Here also perturbations of  will be considered and therefore  The unperturbed 
transportation costs matrix is multiplied by  matrix (perturbed), which depends on location of activities and therefore on 
transportation of items between them. Considering the long-term profit of a supply chain and its NPV we also need to include the 
direct costs of labour including early retirement premiums and investments in robots into account. The total NPV ( totNPV ) is 
reduced for the payments to the labour in individual places of activities with production or distribution intensity iP , including the 
part of earnings which goes to the occupational pension funds, and the amount which goes to the annuity stream of investment in 
ergonomics to support workers, like investments in robots and other new equipment which improve ergonomics of workers.  Here 
the investments to the robots will be considered as a part of earnings (tied to work) and not fix costs. 
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3.  Economic consequences 
3.1. Present value of the expected profit on the infinite horizon  

 
 The early retirement age, as determined in an occupational pension scheme, could be achieved by increasing the contributions 

from gross earnings ,L ic  to the extra-occupational pension schemes   , ,R i L ic  for workers at the activity cell i .  The trade-off 
between additional pension and investments in ergonomics could lead to the decision that a part of income goes to the annuities 
for robots and other investments in ergonomics , ,E i L ic , calculated relative to the costs of labour.  If early retirement age would be 
a decision, a part of production should go in a foreign country, which means additional costs of transportation and exposure to 
higher risks.  Thus, if the labour cost would increase from 

, ,(1 )L i R ic   to , ,(1 )L i E ic  , where , ,E i L ic  is factored into the program 
of collaborative robots and other investments into ergonomics, the ergonomics could be improved enabling seniors to work longer, 
but , ,R i L ic  may lower the retirement age of a worker at the workplace i . The costs of work which include collaborative robots in 
the total NPV could be written as , ,(1 )L i E i i ic L P . Here iL is the number of employed at i . Also, , ,L i E ic  includes maintenances 
and depreciation costs per cycle, where , ,(1 )L i R ic  is the cost of one unit of work, which also includes the part of gross 
earnings ,R i  that is sent to the occupational pension fund. These costs are connected with costs of labour in distant country and 
transportation costs to that locations, to be able to retire earlier — the amount of annuity for investments into the ergonomic 
improvements, including investments in robots. We need to write the NPV of the cost of labour and annuities for improvement of 
the ergonomic environment, keeping production at home with negligible transportation costs (a), and early retirement and export 
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The owners of a supply chain will choose the chain for which:   
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is achieved. In the line with the Industrial Agenda of the World Economic Forum in Davos, the paper presents a common 
assessment of end-to-end supply chain.  
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According to the equation (9), the owners and managers of a supply chain will jointly find the maximum of NPV which also 
include the actuarial present value APV. The early retirement age x+n which is h years earlier that the retirement age of public 
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where the notation is given in Table 1: 
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3.  Economic consequences 
3.1. Present value of the expected profit on the infinite horizon  
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of collaborative robots and other investments into ergonomics, the ergonomics could be improved enabling seniors to work longer, 
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where the notation is given in Table 1: 
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Table 1:  The actuarial present value APV of the early retirement 

, ,/ L i jrr erp c  The replacement ratio rr = ratio between the 
early retirement pension erp  and the gross 
salary without contribution to pension schemes 

n xp  the probability that person x years old will 
survive n years 

2  percentage of the administrative fee charged for 
each payment of the pension benefit 

o  Technical yearly interest rate of early 
retirement occupational pension schemes 

1  percentage of the administrative fee chargeed at 
each payment of pension contributions 

1/ (1 )o    discounting factor where o is the annual 
interest rate. 

 
 

4.  Numerical example  

The program of early retirement is acceptable for a supply chain if , ( , , , )i j x n h rr  in the evaluation of totalNPV  as presented in 
equation (7)-(8) could be higher or equal to , , ( , , , )R i j x n h rr , determined in table 2 so, that the actuarial present value of all 
contributions in the pension schemes are lower than  totalNPV . 
 
                            Table 2. The actuarial evaluation of the contribution rate for early retirement 

Age at first 
employment 

Working 
period ,x n

a  n xp  Retirement 
age ,x n h

a


 , , ( , , , )R i j x n h rr  

X N   x+n  1rr   0.6rr   
25 40 38.83 0.91 65 4.909 0.115 0.096 
25 41 39.73 0.90 66 3.941 0.089 0.054 
25 42 40.62 0.89 67 2.969 0.065 0.039 
25 43 41.50 0.89 68 1.989 0.042 0.025 
25 44 42.38 0.88 69 1.000 0.021 0.012 
25 45 43.25 0.87 70 0.000 0.000 0.000 

 
If the costs of the robot are 60,000 euros, while the depreciation rate is 10% and annual maintenance is 3,000 euros, the NPV of 
costs of the robot is 148,005 euros (see table 3).  Let us denote Y

CL as the yearly labour costs, Y
CM  is the yearly maintenance 

costs and VCR is the price of the robot including installation. We use the notation dp for depreciation period which is the same as 
the repayment period for investment in robots. The total costs associated with the use of robots at a certain workplace are the sum 
of the depreciation cost, interest cost and maintenance cost. At a discount  we can calculate E at different annuities (dp):  
 

                                                                                     
 
 
 
 

Table 3: The costs associated with the use of robots 
 

 

 

 

 

 

 

 

The numerical example is getting inspiration from an Italian manufacturer of water pumps. The product design and production 
are all made in Italy, but because of ageing of human resources and a shortage of new workers they have two options: (a) to buy 
the collaborative robots and extend their retirement age or  (b) to retire them earlier, to pay in early retirement schemes and to 
open a new factory or in Hungary (close to Budapest: 11 hours distance, 0.16 Euros/item) or in Bulgaria (close to Sofia: 17 
hours, 0.22 Euros/item). The costs of labour see EUROSTAT http://ec.europa.eu/eurostat. 

    The costs are given in table 4. The norm-production per activity per item is written on the lines that leave individual activities 
in fig. 1. The transportation delays are presented by arcs, The raw material is coming from Italy, and in the case of establishing 
production units in Hungary or Bulgaria, two semi-products would be sent there: the engine pre-assembly units and the Venturi 
group pre-assembly units. The final product would be transported back (see fig. 1).  Environmental restrictions and pollution fees 
are not considered in the calculations by Eq. (7).   

Price of 

robot 

annual mainte- 

nance costs 

annuity 

 

annuity + maintenance NPV of investing and using the robots 

VCR Y
CM  dp=5 

years 
dp=10 
 years 

dp=5 
years 

dp=10 
years 

dp=5 
years 

dp=10 years 

30,000 1,500 6,599 3,700 8,099 5,200 131,986 74,003 

45,000 2,250 9,899 5,550 12,149 7,800 197,978 111,004 

60,000 3,000 13,199 7,400 16,199 10,400 263,971 148,005 

1

0
( ) ( / ) /

dp k Y Y
E C Ck

dp VCR M L 
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Table 4. The comparison of the costs of labour  

County  Hourly [€]  Yearly [€]  Ratio to the Italian salary k  

Italy 20.00 38,400 1 

Hungary 8.30 15,936 0.415 

Bulgaria 4.40 8,448 0.22 

 
Table 5. Calculation of the transportation costs at 80 pcs/palette, 33paletts/truck and 1.2 Eur/km 

 
 
 
 

 
 
 
 

 
     Figure 1.  The production graph with process times and a given number of workers. 

 
 

Figure 2. The transportation of parts or semi-products from 
Vicenza to the East. 

 
 

 
Following equations (7) and (8), in case that we decide to remove all perturbations  (in timing and quality) caused by ageing, by 
investing in 8 collaborative robots which cost 60,000 euros each  and depreciation period is 10 years, which increase for 20% 
because of timing and product quality, then in case of  allocation of activities in the foreign countries and paying in  the 
occupational pension funds gives the  following differences in the present profit: 
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  where i=1 is the final delivery point and has no costs of labour. Here all perturbations described in transportation matrices are 

influencing NPV.  The product price to the final user is assumed to equal to 250 euros per pump. Following the equation (7) 
we can see that in case of 4% interest rate or lower, the (a)profitNPV is 2.33 times higher in case of the total production in Italy 
comparing the production in Budapest and 2.45 times higher in Italy comparing the transportations to Sofia and partly produced 
there.  

 

 

From/to Distance Transport/truck cost pcs/truck transport/pcs 

 
km [€] [€] [€] 

Vicenza - Budapest 800 960 2640 1,69 
Vicenza - Sofia 1300 1560 2640 2,75 
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It is better to keep the production in Italy and to buy the collaborative robots for each human operator involved in each station in 
Italy, even in the case that investments in production systems in a foreign country would be covered by European structural 
funds. The new robot will provide the needed flexibility of the interfaces between parts and workstations at the country of origin 
(Italy).  Therefore in such an environment 
 

   max (a), ( , ), ( , ) (a) max 1,0.43,0.41 (a)profit profit profit profit profitNPV NPV b Bud NPV b Sof NPV NPV    
 
5.  Conclusion 
 
In the article is discussed how collaborative robots will become a safe support to reduce fatigue and cognitive stress during 
human work, especially in the case of older workers. But we should be aware of the fact that the collaborative robot cannot 
totally substitute the craft workers and other highly experienced industrial workers. To invest in such systems or to delocalize the 
production system in East of EU is the question to which the proposed model can answer. While the paper [19], based on the 
MRP Theory, did not consider transportation matrices with transportation delays and transportation perturbed costs (the all multi-
echelon production was considered under one roof), here a particular attention has been paid to the transportation costs and 
transportation delays as discussed and not totally implemented by [20] on the bases of previously introduced perturbed 
transportation matrices of Bogataj and Bogataj  [21]. Here is presented how the introduction of proper age management of human 
resources could reduce time delays and therefore support mitigating of a supply chain risk when also reallocation of production 
to other countries is considered and therefore the model of the multi-echelon system [19] should be extended, using the Net 
Present Value approach in Extended MRP model and additional perturbations should be considered. Therefore the contributions 
to ergonomics, occupational pension schemes for earlier retirements and LTC schemes should be developed and NPV should be 
compared with the actuarial present value APV. The numerical example for Italian worker with an average net salary shows that 
the contributions to all these funds require more than 100% of net salary to achieve sustainable supply chains and an adequate 
ergonomics, pensions, LTC and health insurance. In the next 40 years, this percentage will rise with the further ageing of the 
population. Therefore, this value is so high that further research needs to include these contributions to the evaluation of the costs 
of human resources including investments in smart production cells and collaborative robots. As far as the authors know, this is 
the first attempt that Extended MRP model is applied to demonstrate the trade-off between investments in collaborative robots or 
relocation of production in the foreign country. Here is assumed that in the Eastern countries the costs of human resources are 
lower and structural funds are available for investment in production. To solve the problems of declining functional capacities, 
European companies have the option to invest in collaborative robots, to provide a better working environment, or to export the 
part of production to the East.  
 
In this specific case study, the best solution is to invest in collaborative robots and to keep productive workers longer in 
employment. There are also five further directions for the research, where some other factors should be considered which could 
influence decisions on the human resource policy:  
 

(a) The environmental consequences and the reverse logistics should be better investigated in the context of the 
perturbation of delays, continuing some considerations also presented in [28-32], where the approach, already suggested 
in 2005, is good to start to consider  the reverse logistics in value chain in general [33]. For evaluating the parameters, 
sometimes also fuzzy approach can support several environmental and location decisions as described by Kovačić, 
Tuljak-Suban and many others who were using MRP Theory for developing a skeleton for modelling the environmental 
and location decisions [34-38]. All these approaches can be combined by the gravity model of human resources .  

(b) Since environmental and other  taxes are not included in the calculations above, this will be a subject of further research, 
especially considering taxes as the source of funds for investments in smart technologies and  social innovation [39-42] 
which support the decissions to attract  new skilled workers to the region of productio [43-48]. These studies show that 
the public investments and subsidies can be subject of better attraction of the human resources and consequently, it can 
influence decissions on taxation and about the dillemas to invest in the education of incoming young workers in the 
region [46, 48], while the model can lead also to the spatial games, as suggested in [49]. 

(c) Also, the quality of products which could influence the differentiation of prices and create value [50] should be further 
studied, if a production is considered at different locations and transportation damages could additional appear or at list 
should be insured;  

(d) The trajectory of functional decline of workers and investments in the workplace ergonomics should be carefully 
studied. Age-productivity profiles should be investigated more precisely for different groups of workplaces [5];  

(e) How to organise organisational learning for better understanding the impacts and response to latency in ageing [51, 52] 
is also the subject of further research.  
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