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Abstract. The premises and conclusions of the Science and the Future conference held in 2013 are the 
basis for this paper. I shall describe the changes occurred in the world since 2013 to present both on the 
positive and on the negative side, together with the failures to change, that will be discussed during the 
present conference. I shall especially point out the failure to address the contradiction between material 
growth and sustainability. The limit posed by the growing complexity of the global economy will be 
demonstrated, showing its implications for the ungovernability of the system. I will stress the difficulty and 
urgency of a fully rational analysis and the discussion of some strongholds of the present social paradigm, 
which are intrinsically entangled with human and material unsustainability. 

1 Foreword  
Five years ag (ctber 2013) I had the priviege t 
pe the first editi f Sciece ad the Future The 
purpse f that cferece was t discuss the prbes 
ad ctradictis ipied i the the gig treds f 
the wrd ecy The startig pit was the 
criticaities ad icsistecies pited ut frtytw 
years earier i The iits t Grwth prted by the 
Cub f Re 1 

Sciece ad the Future 2 wi be hed i the year f 
the fiftieth aiversary f the Cub f Re fuded i 
1968 by Aurei Peccei David Rcefeer ad 
Aexader ig ad is a pprtuity t exaie the 
wrd’s evuti i recet years Pepe’s awareess f 
the prbes huas are facig is prbaby higher w 
tha it was fifty years ag I 2015 the U cferece 
 ciate chage was hed i Paris ad a iprtat 
pricipe agreeet was siged there (s far ratified by 
197 states) The edia fte cvey aarig essages 
t the geera pubic regardig the disasters f the 
ciate chage ad ciate chage deiers have itte 
evidece t supprt their psiti ad a sa audiece 
At first sight we are w i a better psiti t face the 
chaege f the csequeces f ur gbay 
usustaiabe way f ife 

Despite a this hwever ig at gba physica 
paraeters suggests that itte has chaged r i ther 
wrds that the gba situati has csideraby 
wrseed i ay respects ature is fferig icreasig 
evidece that we are gig the wrg way Fds i 
deserts such as thse i Petra (rda) i 2018 ad 
recurrig fires i Caifria ad ther parts f the wrd 
ca hardy be csidered rdiary uucy evets 

 
 

2 State of the world  

2.1 Energy 

Csiderig the treds i wrd eergy csupti (see 
Figure 1) the y evidece fr a teprary decrease i 
dead is visiby a csequece f the recessi which 
rigiated with the scaed subprie rtgage crisis i 
the years after 2007 As s as the egie f the d car 
ffered sigs f recvery treds apparety resued 
their d curse 

The average csupti rate grew by 22% fr 
2016 t 2017 whereas the average yeary grwth i the 
previus decade had bee i the rder f 17% These 
ubers tes us that the wrd eergy dead is t a 
csequece f cscius picies but rather f the 
w echaiss f the busiessasusua ecy 

 

Fig. 1 World energy consumption trends. 
 
Another remarkable figure is that 81% of energy is 

obtained from fossil sources and 10% from biomass: 
altogether 91% comes from combustion processes, even 
though, in the case of biomass, this could be in a circular 
and, in principle, sustainable way. 
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2.2 CO2 emissions 

The treds i C2 eissis (Figure 2) are eve re 
istructive their cecti with the ups ad dws f 
the wrd ecy is evidet Swdws i grwth 
crrespd t wer C2 eissi rates At the 
begiig f 2018 ratig agecies ad ecica 
peratrs decared the wrd ecy t be grwig 
agai after a few years f ricety evuti ad the 2017 
carb dixide eissi rate crrespdigy tured ut 
t be 22% higher tha i 2015 There is  evidece fr 
ay effective ctaiet picies aywhere i the 
wrd 

 
Fig. 2 Carbon dioxide emissions per year. 

2.3 Mass migrations 

Tgether with the physica aspects f gba chage we 
fid as ther hua pheea beig itred ad 
fr which urget actis are eeded These are cficts 
ad ass igratis these tpics wi be discussed i 
ther ctributis t this cferece Here I sipy 
draw atteti t the treds ad dyaics f igrati 
fuxes  

 

Fig 3 igrati fuxes i the ECD area durig a recet 
deceia 

Figure 3 presets the situati i the 36 cutries that 
are part f the ECD (12 bii ihabitats atgether) 

The uber f peraet igrats has icreased 
sice 2011 There are utipe causes drivig pepe t 
eave their he cutries ad see their frtue 
esewhere Basicay f curse everybdy ais t 
iprve their cditi but st fte pepe fid they 

have t ve due t iediate ad draatic pushes 
war disasters r ther causes f despair Gba ciate 
chages are at the rigi f ay f these eergecies 
water shrtages decreasig si fertiity ad recurret 
extree weather evets These eergecies a have 
re acute repercussis  pr pepes ad atis 
causig pepe t resrt t fight ad igrati  

Cficts ad ciate chage wi bth be deat with 
i this cferece I wi fcus  the differeces that are 
iheret i the gba ecy ad cuped with ther 
drivers ve desperate crwds t areas with arratives 
that have apparety ed t re pprtuities 

3 Inequalities  

Iteratia bservers w that ice iequaities are 
ideed grwig everywhere i the wrd with y ca 
ad iited exceptis Figure 4 presets exapes f a 
few deveped cutries but the phee is wider 
tha this the treds bega at the ed f the 1970s 

 

Fig 4 Share f ice eared by the richest 1% f the 
ppuati i seve cutries 

There are udubtedy ay irreguarities ad huge 
differeces ag cutries but the tred fr a is 
twards grwth This is ideed a serius prbe ad 
pepe are geeray wrried abut hw t cure this 
evidet scia disease hwever if we wish t cure a 
iess we ust first idetify its causes ad this eas 
havig a cser  at the very fudati f the preset 
gbaised ecy Uavidaby we have t ce bac 
t the sacred ster that has bee at the cetre f the 
scee fr the ast cupe f ceturies grwth 

3.1 Limits and constraints 

The axis at the base f the stadard ecic 
dctrie are essetiay grwth ad cpetiti The 
stadard cvicti is that the reedy fr ice 
iequaities is gba grwth if the ecy vera 
grws the every payer wi receive a advatage  

Pereia grwth is ideay described by a 
expetia curve Caig W the weath t the tie ad 
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assuig a stabe grwth rate per uit tie α it wud 
be 

teWW α
0=         (1) 

If we apply (1) to the personal income of two 
subjects, A and B, starting at W0A and W0B and growing at 
the same rate, it is immediately clear that the ratio 
between the incomes WA/WB stays fixed while time 
passes, but the absolute value of the difference grows at 
the same rate as the incomes grow. In practice this kind 
of growth freezes the social pyramid, but the quantitative 
increase of the differences is likely to be increasingly 
troublesome. 

A friendlier social version of economic growth 
advocates differential growth: lower incomes should 
increase faster than higher, and in this way the difference 
may be reduced. Such differential growth does not 
happen spontaneously, which means that the state must 
intervene in order to regulate and direct an economy 
towards this social rebalancing goal. The problem is: 
how long a state is in the condition to promote such a 
policy. The task is also difficult considering that those 
who have high income usually have also a stronger 
influence over public powers. 

In any case the basic assumption for all the above 
approaches is the myth of perpetual growth. The real 
world, however, tells us a different story: perpetual 
material growth in a finite environment is impossible. 
This obvious fact has been known for a very long time 
and has been brought to the attention of the general 
public and of decision makers for fifty years, but the idea 
of a constraint like that is in fact, explicitly or implicitly, 
and in any case vehemently, rejected by the economic 
establishment. 

In fact, in the best abstract conditions a finite growth 
process cannot develop along an exponential (as in 
Formula 1), but evolves following a trend described 
reasonably well by a logistic curve: 

t
M

ae
WW β−+

=
1

        (2) 

WM is the maximum attainable value (in an infinite 
time); the other parameters involve the assumed value at 
time t = 0 (a), and with the slope of the curve. 

A typical logistic like (2) is shown in Figure 5. The 
units in the figure are arbitrary and the asymptotic 
maximum is normalised to 1; the initial (t = 0) value is a 
bit less than 20% of the asymptote. This type of 
evolution recalls the growth of trees: in principle it goes 
on forever but the growth rate diminishes continuously 
toward zero.  

If we now add the other typical ingredient of the 
business-as-usual doctrine, i.e. competition, to the axiom 
of growth, then what happens to inequalities?  

 

 

Fig. 5. Growth in a limited environment. The curve ideally 
tends to a constant value (the asymptote) with a continuously 
decreasing growth rate. 

 
Consider two players, one of whom has an initial 

advantage. Each one tries to convert the available 
primary resources into personal wealth, but the stock of 
raw material is altogether finite. If, on a first optimistic 
approach, we suppose that both contenders act 
independently, but in any case working on what is freely 
available, the dynamics for everyone are similar to the 
logistic evolution, but the “roof” is not simply the 
physical asymptote: it is the finite physical provision 
diminished by what already belongs to the other 
competitor. If so, both players grow towards different 
asymptotic upper values and the same happens to the 
difference between them, which also follows a logistic-
like evolution: continuous decelerated growth. 

A more realistic approach sees that those at the top, 
while competing and winning, incorporate part of the 
wealth initially produced and owned by the lower 
competitor. In this way, the upper player faces the total 
amount of physically available resources, whilst the roof 
for the lower contender is the physical limit minus what 
is in hands of the stronger competitor. In this case the 
result is that shown in Figure 6: the weakest (lower 
curve), after a while, stops growing and its condition 
worsens, while the strongest continues to tend to the 
asymptote. We could call it the Monopoly Game 
Diagram. 

Fig. 6. Effect of growth combined with competition in a finite 
environment. The weakest (lower curve), after a while, stops 
growing and its condition worsens, while the strongest 
continues to tend to the asymptote. 

Of course reality is much more complicated than a 
simple two-player scheme, but the essential mechanisms 
are the same and the expected evolution is reasonably 
well represented in Figure 6. 
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4 Costs 
The situati described i the previus secti is ideed 
abstract ad ideaised because it assues the effect f 
csts r i geera f egative feedbac that cat i 
ay case be eiiated (secd pricipe f 
therdyaics) is exacty caibrated i rder t t 
stp but sipy t sw dw the grwth prcess re 
ad re effectivey 

The rea wrd ca be represeted by tw sipe 
exapes brrwed fr physics The first ivves 
h’s ad ue’s aws h’s aw tes us that a 
advatage i the fr f a eectric curret I is 
directy prprtia t its cause the ptetia differece 
V betwee the eds f a cductive wire 

R
VI =       (3) 

ue’s aw wars us that the side effect f the 
fwig curret W (the heatig f the cductig cabe) 
is prprtia t the square f the vtage 

R
VW

2

=      (4) 

The sae as hds true fr ateria fws ad fr 
the veet f a bect The etu p is 
prprtia t the speed v (p  v) but the ietic 
eergy is prprtia t the square f v T  v22 The 
effrt eeded t icrease the speed grws faster tha the 
speed ad if a crash ccurs the the eergy t be 
dissipated the daage t dea with icreases 
quadraticay with the vecity 

These trivia but at the sae tie uiversa rears 
have t be added t the fact that the ecic syste is 
a cpex etwr ad that the cpexity grws 
quadraticay whe the uber f ts i the et grws  

This issue was discussed i the first editi f 
Sciece ad the Future (2013) ad i 2 Suarisig 
everythig i e setece ad startig fr the ptia 
gistic tred fr grss beefits (Figure 5) csts 
(whatever they are) grw faster tha advatages 
Csequety the et gai i the grwig syste 
evves as i Figure 7 rather tha Figure 5 

 
 
Fig 7  Evuti f et gais i tie fr a grwig syste 

This tred as has t be tae it accut whe 
discussig ice iequaities ad the resut is a further 
wrseig f the situati 

5 Conclusion 
I suary we have see that the physica cues we 
ceary read arud us idicate that despite the gig 
debate  gba chages iduced by hua behaviur 
the busiess as usua phisphy ctiues t prevai 
ad at the sae tie the csequeces f the chages 
bece re ad re cpeig Furtherre they 
are re heaviy fet by the prest f the wrd 

Appyig sipe ratia arguets based  
physica prperties ad cstraits we saw that the 
trubes huaity has t face are the ecessary 
csequeces f the paradig f grwth ad 
cpetiti f curse techgy ad sciece ca hep 
i itigatig the ipact f gba chage ad brigig 
the situati uder ctr but we shud avid 
attributig agica pwers t sciece Irratiaity is sti 
very strg ad especiay  the side f the decreasig 
uber f hua beigs wh have the biggest 
advatages a attepts t reegtiate the cditis f 
the scia pact have bee viety ad stubbry 
reected Ufrtuatey hwever we are a  the sae 
ad uique paet ad we shud strive fr the best fr 
everybdy 

Sciece shws that irratia egis is t the right 
egie f prgress fr huas  
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