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Tools and method s to a sses s su sta inabil it y are often

focused on lu crati ve acti vit ies, se ar ching for beha vior s

that preser ve so me bus iness - as-u sual wh ile at the s a me

time ta king into ac count environ menta l issue s. Emerg y

ana ly sis w as or igina ll y ins pired from and applied to n atura l

ecosy stem s a s an appro ach to geobioph ys ic al l y a c count

for non-monet ar y inputs . In recent year s, howe ver, e ven

emergy ac counting h as been more and more applied to

investigte the su pply of product s and serv ices th at are

mostl y referred to budgeted inve stments – be them publi c

or private.

BACKGROUND

Prim ar y serv ices h ave been progres si vely in v aded b y

mar ket me chan is ms, and their sust ain abi lity is often

dwarfed by the urgenc y of the services the y deliver . Al so

in genuine not-for -prof it s ystems , the goodnes s of the

objecti ve tends to ma ke their sust ain abilit y appe ar a s

something le ss i mport ant, yet the ver y di mension s of

susta inab ilit y a llow for the cap ab il ity of a s yste m to last

over ti me; the better the output of a s ystem , the more

important its ability to keep functioning.

OBJECTIVES

• To understand the s ystem ic functi oning and the o veral l

resources dem and of s ystem s not pursu ing profit ,

compared to those pursuing it instead.

• To identify po ssib le pos iti ve feedbacks able to m ainta in

such systems.

• To asse ss the effecti venes s of po ssib le sust a inab le

solution s to reduce the dependenc y of a sy stem on

nonrenewable resources.

The	façade	of	 the	Salam Centre	
(above)	 a	cardiological vis it	ins ide

(left),	 and	the	 solar	thermal	
system	(right).

(pho to s b y	Marcel lo 	Bon fanti ;	courtesy o f	
Emerg en cy	NGO)

Our c ase studies are f irst addre ssed qua litat ive ly through the s ystems th inking ap pro ach

(cf. e.g . Me adows , 2008), then al so qu antit ati vel y b y me ans of Emer gy s ynthes is ( cf .

Odum , 1996 ; Brown & U lgi ati, 2016) , mo stl y integr ated with Life Cycle As sessment (R auge i

et al., 2014).

KEY LEARNINGS

• Not-for -profit sy stem s c an be very soph isti c ated and emerg y de mand ing. Un paid

acti vit ies stil l require resour ces and f avor able soc io-e cono mi c condit ions . In light

of their v alu able out puts, a deb ate is t o be st arted on so ciet al priorities and

sa vings elsewhere, in order to a ct sy stemi c all y to protect su ch s yste ms (and , with

them, hum an right s e.g. he alth) fro m the fluctu ation s of a ne verending

environmental and financial crisis, or think beyond it.

• Not-for -profit s ystem s often rely on re inforc ing feedba ck s, ma inly b a sing on

im age and reput ation t o ra ise funds and don ation s, attr act volunteer s, and

successfully yield their activities of social interest.

• In the c ase study of the Salam Centre , a pos itive environ ment al and m onetar y

benefit is reached through the adoption of lo w-tech soluti ons in energy s ystem s

and bu ilding techno logies . Although their i mp act does not sign ific antl y affect the

overa ll emerg y requirements of the sy stem due to its co mplex functi oning, su ch

solutions c an be exported to bu ild ing desi gn to foster a genuine and s yste mi c

sustainability.
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Another ca se study i s represented by a dog shelter in P adua , It al y, m an aged by an

ass oci ation of vo lunteers and t o whi ch an entire p oster is ded ic ated at the 10 th Emerg y

Resear ch Conference (Gonell a et al ., 2018) st arting fro m the outcome s of a recentl y

discus sed B.S c. thesi s (Broc c a, 201 7). An add ition al c ase study on a P akist ani pub li c

hospit al i s currently being fin ali sed too (Ali et a l., forth com ing). Other studies h ave been

carried out within the s ame so ci all y- concerned resear ch strea m in vol ve d is arm and peace

studies (Gonella et al., 2017).

The main c ase study cons ists in a spe ci ali sed hospit al , the

Salam Centre for C ard iac Surger y, built and run by It ali an

humanit ari an N G O E merg enc y Onlus in Khart oum ,Sud an

– the only stru cture offering such cures free of charge in

an area as big as three ti mes the si ze of Europe and

populated b y over 3 00 mil lions people . Although the

prim ary g oa l of the N GO is to gr ant the un ivers al right to

health (es peci all y but n ot onl y in contexts affected b y

war and po vert y), s ome w isdo m w as shown in the

design of a top structure pursuing sust ain ab ilit y in

exploiting lo ca l renew ables t o reduce the u se of

nonrenewable res ources . So me results of thi s ca se stud y

have been alread y co llected in s ome s cientifi c wor ks

(Cristian o, forthco ming; Crist iano et al ., 201 7; Crist iano &

Gonella, 2017).

INTRODUCTION

MATERIALS AND METHODS

DIAGRAM, EMERGY CATEGORY FLOWS AND PERFORMANCE INDICATORS OF OUR MAIN CASE STUDY
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The	Salam	 Centre	for	Cardiac	Surgery

Built (2004 – 2007) in Khartoum, Sudan, close to Blue Nile river; design by Emergency NGO & TAMassociati

Area (with gardens): 12,000 m2 – indoor area: 40,000 m2

Free healthcare to patients from 20+ countries: averagely 700 operations and 7000+ visits a year

Temperatures:

Outdoor average temperature: 45°C (113°F) – required temperature in operating theater: 20°C (104°F)

Strategies:

A) Passive mitigation solutions to reduce energy demand:

[58-cm (23”) external walls, 2 layers of local clay bricks, with paneled insulated air chambers; Small double-glass

windows to improve thermal insulation, protected by sun-screening films; Locally twined vegetal panels to 

screen porticos; Green areas to provide environmental mitigation]

B) Air conditioning systems based on local renewables (sun, wind, water), and includingalmost 300 solar 

thermal panels and a wind tower/tunnel inspiredto traditional Persian badgirs.

CC- BY- SA	 3. 0	( dynam osquit o)

An	 old Pers ian	badgir (wind tower/ tunnel)

Logic scheme of	pass ive	and	low-tech modern-vernacular hybrid air	 conditioning (A/C)	solutions

Note: Solar Thermal Panels (SPs) are combined with a low-tech sand-/wind-tunnel to 
cool air naturally  (Nat. A/C). P.R.s stands for public relations.

Value Value

w/out L&S w/L&S

Emergy Yield Ratio (EYR) 1.001 1.000 -

Environmental Loading Ratio (ELR) 856 2969 -

Emergy Sustainability Index (ESI) 0.001 0.000 -

Emergy Investment Ratio (EIR) 856 2969 -

Percentage Renewable Emergy (%Ren) 0.12% 0.03% -

Areal Empower Intensity (AER), indoor 1.92E+14 6.66E+14 sej/m2

Areal Empower Intensity (AER), land parcel 6.00E+13 2.08E+14 sej/m2

Value Value

w/out L&S w/L&S

Hospital annual operating emergy demand 2.40E+18 8.32E+18 sej/yr

Emergy per cardiac surgical operation 4.35E+15 1.51E+16 sej/operation

Emergy per patient-day 1.49E+14 5.17E+14 sej/patient-day

Emergy per outpatient visit (triaged patient) 4.18E+14 1.45E+15 sej/visit

Unit

UnitNew emergy indicators

Conventional performance indicator

CATEGORY (item) SOLAR EMERGY

(item) (seJ/year)

LOCAL RENEWABLES, ANNUAL (R) 2.80E+15

LOCAL NONRENEWABLES, ANNUAL (N) 0.00E+00

IMPORTED INPUTS, ANNUAL (F)

Costruction inputs (building & insulation) 4.07E+17

Solar thermal & air conditioning systems 2.67E+16

Biomedical equipment 2.97E+16

Furniture 8.77E+14

Technical equipment 2.26E+15

Vehicle fleet 8.61E+15

Fuel and electricity 1.06E+18

Goods 7.86E+17

Transportation inputs for imported items 3.91E+16

Labor and services 5.92E+18

TOTAL EMERGY (U) 2.36E+18

TOTAL EMERGY (ULS) 8.28E+18




