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Problem statement and scope

« EU population is aging

« Sustainable pension system: the retirement age of industrial
workers is rising in many EU countries (ITALY: 67 years from 2019)

° H H H H Old Work 55-64) Sh
Ageing workers in industrial ot ;";kfor - 1)5764;"“
tasks:

Germany = o====- France
ltaly Spain
United States

United Kingdom

»expert craftsmen 20 - — —Euroarea

>not substitutable by robots 5 AT
(versatility, adaptability, 0 = — =
flexibility) T 7

»>decrease in physical and
cognitive capabilities s 523388 53 SZSRRRRH S

Lo T e . B S o |

»higher risk of injuries
»>decrease in productivity

Sources: OECD; European Commission; BLS; and IMF staff calculations.
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Problem statement and scope

EU28: Work Force Decomposition by Occupations, 2015

(Percent of total work force)

60 productivity
o | W decreases with
m 25-54 age for:
40 T mi15-24
30 ASSEMBLERS
20 MACHINE/PLANT
0 OPERATORS
0
Productivity increases with age  Productivity is age-neutral Productivity decreases with
age

Note: Category "..increase with age" includes: managers, and professionals; Category "...age-
neutral” includes: clerical supportworkers and services and sales workers; Category "...decrease
with age" includes: technicians, skilled agricultural, forestry and fishery workers, craft and
related trades workers, plant and machine operators and assemblers, elementary occupations
and armed forces occupations.

Sources: Venn (2008); Eurostat; and IMF staff calculations.
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A recent ltalian example:

> Italian producer of sportive car

» highly personalized interiors

» Ageing expert workers

Collaborative Robots in the saddlery depit.
to increase the efficiency of the glowing

process and assist workers durlng non-
ergonomic tasks. g =
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Problem statement and scope

THE AIM OF A COMPANY: preserving productivity

\ 3 MOVE a part of

production
to other countries
(Eastern)- adding

1 ACCELARATE the internal .
transportation

turnover by early retirement

2 INVEST in Assistive Technologies

Actuarial Present
Value dimension of
Optimization, APV
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Problem statement and scope:

Traditional versus collaborative robots

In 2016, collaborative robots only represented 3 percent of industrial robots sold.

Traditional versus collaborative industrial robots in units v f
sold

900K 4
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100K+

2014 20186 2018 2020 2022 2024

Source: Loup Ventures 2017
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Outline

RESEARCH QUESTION: Invest or not to invest in an ergonomic
environment capable to reduce workforce fatigue ageing-friendly?

Collaborative robots
(COBOTS)

We develop a model based on MRP Theory to evaluate both options:

Industrial Exoskeletons Smart workstations

» Early retirement and movement of activities in Eastern countries or

» Investment in Assistive Technologies and smart work-space;

» Actuarial Present Value has been included to NPV for measuring early
retirement products (> cash flows).
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The case study

An ltalian manufacturer of water
pumps has two options:

(a) to buy assistive technologies and better involve highly skilled
ageing workers

(b) to retire them earlier, to pay in early retirement schemes and to
outsource production to suppliers or keep in existing production
plants.

#2 OUTSOURCING OPTIONS and transportation costs:

> Supplier in Hungary (close to Budapest: 11 hours distance)
> Supplier in Bulgaria (close to Sofia: 17 hours distance)
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The case study
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i _95&_ L _f ?f B Production rate: 64,000 pumps/year

|
| PUMP ASSEMBLY ! 20P  Operator cost: 20.0 €/h in italy
e o e e e e m e — s 4.4 €/h in Bulgaria
105s 8.3 €/h in Hungary
TESTING WATER 10P  Investment per workstation: 60 K€/collaborative robot

Robot life time: 10 years

Increment in productivity with Cobots: 20%
PAINTING MACHINE 10p  Cost for early retirement: +20%

Product price: 250 €/unit

65 s

50's Interest rate: 4%
LT T T T ! Transportation distance: 800 km (VI-BUD)
! FINISHING | 10P 1300 km (VI-SOFIA)
|
e e e e e e — o
s 20p
——————————————— 1
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The case study

L[ salzurg Al B L B
'g mmd@ A UsS T.R IA{ ?_I " DAPESTS //’
2 \ NS < : Labour | Labour
¢ N Sy k RAL Fi costs costs
[EUR] | Hourly | Yearly
f _RYOTM A
) ey o Italy 20.00 38,400
{ Tlmisoala e
. | Hunga
k " lry 8.30 15,936
L ~ | Bulgar
mgﬁ'ﬁ% 2 WND HERZEGOVINA SERBR Q"ﬂfjﬂ.\i@"""“ ia 4.40 8,448
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FIIEIIIZE . ! \S{
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Pcs/ | Load
Transport | Transport/ | load | units/ pcs/ | transport/
Distance Price/km truck unit | Truck | truck pcs
km EUR EUR EUR EUR
Vicenza —
Budapest 800 1.2 1560 80 33 2640 0.59
Vicenza — Sofia 1300 1.2 960 80 33 2640 0.36
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Definition .

The term “age management” may refer specifically to the

various dimensions by which human resources are managed
within organisations with an explicit focus on aging and, also,
more generally to the overall management of workforce ageing
via public policy or collective bargaining (Walker, 2005).

There are five main dimensions of age
management in organisations:

-job recruitment (and exit);

-training, development and promotion;

-working practices;

-ergonomics and job design; and

-changing attitudes towards ageing workers.
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The Objective:

To find the fair actuarial value and sustainability in production
plans
Cj ‘cost of work per worker per time payed to worker + taxes; (X - percentage on cost of work
payed in pension schemes; (X iy - health care; (X - ergonomics
The present value of profits should be nonnegative:
n

Z ¢, (1 +W+ ;) Li%;(p) < NPV,
i=1
Actuarial analysis Ergonomics
Battini, Persona ell. MRP Theor
Bogataj et all. y
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The basic extended MRP model

Generalised transportation-production-input matrix

(from Grubbstrom, 2007, Bogataj et al. 2007, Bogataj and
Grubbstrom,2013)

0 0 . 0] _
eSTl (1+§Tl) . O
_ }LZleSTzl (1+521) O . O
H'(s) = . . L :
st (140,,)
_ B0 g 5T (8) 0 |- 0 € _

Transportation
delays and their
perturbations

Production delays
and their
perturbations
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The basic extended MRP model-

Net production

The requirements for the productionplan P ( s )
written as H'(s)P(s)

are specified in the frequency domain where the net
production X(s)

will conveniently be written as follows:

X(s) = (I-H'(s))P(s)

generalised transportation-
production-input matrix —depends
on productivity of workforce mp on

aging

Net production
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The basic extended MRP model-

Production vector in frequency domain s

For cyclical processes, the requirements for the production plan:

n pt - 2 : _—s(I+AI) ~ s(Mn+AL,) . &
P(s) =t'(s)I"'(s)P = diag(el—¢ ...,el—e )P
perturbed matrix
of starting
moments of E)et;tlu;llel(el }’roduFtion
activities y intensity
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Human resources in the extended
MRP model/

Ageing and ergonomics in this model influence:

» perturbed production intensity

T
—st,(1+0)) § —st,(140,)
P(s)=| — nR g O,
| — g~ ST +AT) | — p=S(C,+AT)

» generalised transportation- production-input matrix

H (S s 51] ’ 5{1 )
» quality of production and consequently the prices:

p=p 48| P+, 1+ &), .. 1h(1+6)]

Perturbation of
prices according to

differeq"l}alﬁ:irt‘;d”"‘s’ »> All these perturbations influence NPV
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: | NPV of production and transportation !

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 o, for example
> for NPV of production NPV .4,

> ordering and fix costs per cycle NPV, and
> transportation NPV,

n
NPVtot: NPVprod _vaord _NPVtr :Z(pi (1+5,))3~C,(,0)_
i=1

et { K+E™ } PR S AT,

D Iy+A, T, +Al,

T

Transportation
matrix
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Changes in cost of

transport per item per

[ Delays in
transportation time

m it
0
h21(b'21 + 21)(721 +A721) B 0
perurbed =| e hij (bij +Cij) T, +Az'ij) ...... 0
.......... oo .. O
By (b +c, )T, +AT,) h, (b, +c,) (T, +AT,) .. . 0
n
NPV, = NPVprod — NPV, — NPV, = Z(pi (1+ 51))521(:0) -
Setup i—1
vector T
J(K LRI ]| o (Pn o) }31 o—(P), (140,) Ign
Transportation — L ,0 1"1 + Arl Fn + Arn

matrix- could

be perturbed
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INVESTMENTS EXPRESSION

NPV profit — NPVtot NPVI _NPVhr Additional
Example : investments in
— Periodical(yearly)l: NPV, =1/ p ergonomics
—(P)ti (1"'0'1')]3
— Distributedto workplaces: NPV, Z—ZCL gL T AT, ’

i=1
o~ (P (+0; )p EXPRESSION SHOULD enable

NPV, = _ZCLz 4+ AT to compare with costs of
human resources

X _ K+E'T
NPV, 5= NPV, = NPV; = NPV, = ¥ ( p; (1+ 8)) % (p) - 5
i=1
T
~(P)(1+0)) (P, (1+0,) & n ~(p);(1+0;)
e P e P 1 Z e ’ P,
I') + Al I', +AL', p = I'; + Al
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The optimal choice

Optimal choice: max {NPV ,,,..(2),NPV , . (b)}

Therefore, the NPV of the profit of total supply chain
» in case of local production in Italy (a)

n ) 1 n e—(p)ti (1+cr,-)[3_
NPV .5 (@=NPV,, ., — NPV(E) -~ NPV, = Z(pi (I+ é}))xi(p) __ZCL,i(l Hag )L T o AT -
i=1 P i=1 i AL
) { K } e PH+a) p RAUTEAT d )
P I') + ALy L, +AL, |N3(égtTl?vrl]ElNT

in_ergonomics

» and in case of extension of the supply chain to foreign country (b)

n Contribution
~ for workers earl
NPVPVOfil (b)= NPVprod —NPV(R) = NPV, — NPV, = Z(pi (1+ é‘i))x,-(n\ — retirement ’
D A ~ T
| <& \ ' : e Pii+o) p K+EInm|| o @ul+onp (P, (1+0,) b
__Z [CL,i(1+ arpLi+c'p; L i] L — L n
= I + AL p [} + ALY [, +ATl,
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RCPLACCILICIIL TdUO
Va 1% N
0. Ve.C

retirement pension

Actuarial present value

Contribution ratez (x.n.h)  for insurance covering
early retirement pension _at __age of worker when
entering the scheme for _years of early retirement

provisionland _years of contributing to the schemes
n—1 ' Replacement
k=0

1 - Ir

k

v
k=0 kP

aR (X, n, h) —

Probability that x years

old will survive h years Discounting factor where

o is the annual interest

rate.
Percentage of the administrative fee that

insurance company charges for each payment
of premium or pension benefit
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Actuarial present value should be
on roads (i,j):

h—1 k

CLi,j °aR(x’n>h’rr)i,j(1_7/1)°Zk:0kpx'v =

_ h
= pPx VU '(1+7/2)'Zk20kpx+h'v © T CL,j

in nodes (j):

cr.j Or(x,n,h,rr); (l—ﬁ)-zkzokpx-v =

h
= hPxV °(1+7/2)'Zk20kpx+h'v BN RO
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Actuarial present value of early pension
contributions - APV

AP‘/Z,] :CL,Z,] aR(x,naharr)l,] (1_ 7/1)ax2|

h—1
dx'ﬂ - Z kPx- Dk X Op(x,n,h,rr)=A(x,n,h,rr)

k=0
Ageat | VWorking [ Retirement A(x.n.h.rr)
first period o N age a _
employ. o ' =
X N X+ r=1_| rr=0.6

25 40 | 38,83 0,91 65 4909(0,115| 0,069

25 | 41 [39,73] 090] 66 | 3,941]/0,089 0,054
25 | 42 |4062| 089] 67 | 2,969(0,0650,039
25 | 43 |[#150] 089] 68 | 1,089]/0,042/0,025
25 | 44 |4238| 088 69 | 1,000{0,021]0,012

25 | 45 |4325) 087 70 | 0,000]0,000] 0,000
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R & Net present value of investiments and main- !

> tenance of robots for depreciation period dp

Yearly
dp—1 k labour
0(E j (dp) (VCR / E ) + MC / LC co:)tts)oﬁer
Price of alfnual annuity annuity + NPV of investing and
robot maintena maintenance holding costs of the robots
nce costs
VCR M Y dp=5 | dp=10 dp=5 dp=10 dp=5 years | dp=10 years
C
years years years 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
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The case study

Ratio to ltalian

salary
“5___2_ i SaEzhu:g { ‘j\ B P
"/.:;,’,",;;E;,“(k“} A US T. R I A : DAPEST ' //’
';\ . =4/ : Labour | Labour k
. Ciui-l costs costs a
[EUR] Hourly | Yearly
R'0 M A
) . ’ Italy 20.00 38,400 1
{ Tlmisoala \
\ | Hunga
k/’ ' lry 8.30 15,936 | 0.415
Lo (I = Bulgar
“SAN BOSNIA Ut SN |
IARINO £ AND HERZEGOVINA e C‘;_"f""'_‘?_,.‘.’.f-*"' ia 440 | 8448 | 0.22
e Sf:‘ﬁ'qo | \SARAJEVO' S ==
Firenze ! .
' -5::\ Spilt N \S{ : .
:}n: @N;‘;.:I ral Es r;h i Y l:!jf'-: e te e JN]'%EI\{. E N EG ﬁ‘f—:;bll ;bI'Eg.,“I'I:EI N !JH
Pcs/ | Load
Transport | Transport/ | load | units/ | pcs/ | transport/
Distance Price/km truck unit | Truck | truck pcs
km EUR EUR EUR EUR
Vicenza —
Budapest 800 1.2 1560 80 33 2640 0.59
Vicenza — Sofia 1300 1.2 960 80 33 2640 0.36
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Results of numerical example

> if we decide to remove all perturbations (in timing and quality) caused by
ageing of workers, by investing in 8 collaborative robots which cost 60,000
EUR each and depreciation period is 10 years, which increase: y P Vprod = NPV,,4

for 20% because of timing and product quality, than (in this expression
investments are not allocated to the workplaces; NPV (I)= 8-148,005 EUR) :

ANPV ,,0:(@)=0.2-(NPV .., — NPV, )~ 1,184,040 EUR
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Results of numerical example

The NPV of keeping production in Italy is higher in comparison to the option
to move production to foreign country without invest in ergonomics tools
(+12% and +20% in this specific case),

while allocation of activities in the foreign countries and paying in the
occupational pension funds gives:

Transportation costs including
Labour costs | -COsts of transportation delay

1 n n e'(P)fiﬁ_
ANPVprOﬁZ (b, Bud) = Oz(NPVpI’Od - NPVOI’d) - _Z[CL,i(l + OJR’i + ka(Bud))Ll + Z hj’ibj’iTBudj’i T !
P i=1 j=i+l !
| & n Sof P p
ANPY .y (b, Sof ) =0.2(NPV 04 - NPV, -;Z[%(l + 0+ ko (Sof DL+ Y hyiby T =
l

i=1 Jj=i+l

February, 2018 Jara batn@unipa t IWSPE, Innsbruck




Conclusion and next step

> In this specific case study, the best solution was always to invest in
ergonomics and collaborative robots and keep production in ltaly, if
p <10% which is always the case.

» The NPV of keeping production in ltaly is higher of the option to move
production foreign without invest in ergonomics tools (+12% and +20% in
this specific case of p = 4% which is quite high today).

» The paper demonstrate that the extended MRP model could be correctly
applied to evaluate the trade-off between investments in ergonomics and
collaborative tools or production in foreign country, where the costs of
human resources are lower.

» In future researches we will try to generalize the outcomes of this case
application by making computation and testing in other industrial sectors
and according to different values of the input parameters.
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attention
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