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"If	  you	  can	  not	  measure	  it,	  you	  can	  not	  improve	  it.”	  

"The	  most	  important	  things	  cannot	  be	  measured."	  



Allenby,	  “Industrial	  Ecology:	  The	  Materials	  Scien0st	  in	  an	  Environmentally	  Constrained	  World,”	  
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  6.1
  The data for Lugano and Barcelona we have collected and 
calculated for this index are the following:

Lugano Barcelona
Energy for private transportation 2.26 3.39 MWh  /  y·veh

Energy for public transportation 1.21 1.63 MWh  /  inh.eq.

CO2 produced by private transportation 0.50 0.83 t  /  y·veh

NOx produced by private transportation 2.61 5.08 kg  /  y·veh.

CO2 produced by public transportation 0.31 0.37 t  /  y·inh.

Green mobility share 33.63 67.00 %

Km covered in a year 2,465.58 3,476.16 km.  /  y·veh

Transportation intensity 55.76  30.00 %

Urban density 3,467.32 18,278.88 inh.  /  km2

Energy consumption for heating 39.44 34.16 kWh  /  mq·Kd·y

Water consumption for buildings 319.08 169.89 l  /  inh.·d

Total electricity consumption 45.07 60.55 kWh  /  mq·y

Renewable energy share 13.80 9.10 %

Waste recycling share 39.45 33.60 %

Municipal waste 1.47 1.46 kg  /  inh·d

CO2 produced for heating 9.67 6.83 g  /  mq·Kd·y

NOx produced for heating 0.43 5.80 mg  /  mq·Kd·y

CO2 produced for electricity 16.95 8.66 kg/mq·y

CO2 produced for waste 0.97 3.26 kg/mq·y

GDP per capita 48,134.50 47,775.00 euro  /  inh.

Number of job positions 49.78 58.75 %

HALE (life expectancy) 73.02 72.06 y

 Preliminary results
 and conclusions
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  The indicator of urban efficiency, introduced in the previous 
sections, has been computed using data of two cities: Lugano 
(Switzerland) and Barcelona (Spain). A careful calibration and validation 
of the indicator is beyond the purposes of this work. The following 
analysis should be considered as a methodological exploration of the 
ideas sketched in this chapter and it aims at setting the subsequent work 
within the USUM WP1 framework. In the current phase of the work, 
calibration has only consisted in the definition of the functions used 
to provide a fuzzy evaluation of the input data (see Fig. 3 which shows 
an example for the emission of CO2 due to buildings heating) and in 
the assignment of the level of importance for each variable (see section 
“Construction of the European Urban Efficiency Index 2009”).
  The following table shows the results of the computation for 
the two cities. Beside the value of the indicator of urban efficiency, the 
values of the eight intermediate indicators (see section “Construction 
of the European Urban Efficiency Index 2009”) are reported.

Lugano Barcelona
transportation system (input) 88 74
transportation system (output) 47 32
transportation system (products) 31 70
transportation system (efficiency) 52 57
built environment (input) 24 32
built environment (output) 70 65
built environment (products) 68 47
built environment (eval) 53 48
socioeconomical system (efficiency) 98 95
socioeconomical system (products) 98 95

metabolic efficiency 75 72
  Fig. 10 shows a representation of the values of the urban 
efficiency indicator through two dimensional sections of the input data 
space of a city (specifically, Barcelona has been used as example). The 
map can be interpreted as a representation of the potential effect of a 
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  5.1.2
  Built environment subsystem 
  The metabolic representation of the built environment 
subsystem is represented above. Our representation of this subsystem 
does not contemplate a productivity, i.e. the system is thought as purely 
dissipative.
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COOLING AND HEATING LOADS CALCULATION

The detailed computations of heating and cooling loads
were carried out using the well-known simulation software
TRNSYS (TRNSYS 2000). The most complex and complete
model—TYPE 56, which is a multizone model for building
computations—was used.

The scheme shown in Figure 6 summarizes the process
for simulating and obtaining the cooling and heating load
results. The process starts with the defined typology: informa-
tion comes from the architectonic layout and the description of
materials and walls. The urban context for each typology was
also taken into consideration. To obtain the results, a system in
TRNSYS has been defined using the graphical interface IISi-
Bat (IISiBat 2000). However, before the definition of the
TRNSYS system, the following steps need to be accom-
plished:

• A database for the common glazing systems used in
Barcelona was generated.

• The reduction of incident solar radiation in buildings
and shadows due to the urban layout was computed
using the program SOMBRERO (2001).

• From several climatological stations in Barcelona, a test
reference year for the city of Barcelona was generated.

In an urban environment, the orientation and structure of
the urban layout is extremely important, as it has a great influ-
ence in the solar radiation that incident on the building
facades. The program called SOMBRERO was used in this
study to analyze in a dynamic way the shading coefficient that
affects certain types of building. The results can be read
directly with TRNSYS in order to take into account the influ-
ence of the urban element distribution.

The main assumptions for the heating and cooling load
computations were the following:

• Internal gains due to persons, equipment, and lighting
were considered.

• According to the different typologies and uses, some
profile for the diurnal occupancy was considered. Also,
a reduction of the occupancy was considered in holiday
period.

• The heating and cooling loads were computed assuming
ideal heating and cooling equipment with set tempera-
tures of 20°C and 25°C for heating and cooling, respec-
tively. The equipment was assumed to be running from 8
to 21 hours, solar time.

• In winter, shading devices were considered in use at
night, meaning additional insulation on windows.

• In summer, infiltration at night is increased up to 4 ach.
• In summer, any window on any facade of the building is

considered to have a shading device with a factor of
30% acting during the whole day.

For each typology, the results of heating and cooling loads
were obtained for each month of the year and at each floor of
the different typologies. Several orientations for each typol-
ogy were studied. The results were parametrized in terms of
energy loads per square meter (kW·h/m2).

Figure 5 Classification of buildings in Barcelona
according to expected energetic behavior.

Figure 6 Scheme of the sequence for simulation of the
cooling and heating load results for buildings.

Energy	  Planning	  
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EVOLUCIÓ D'EMISSIONS DE CO2 EQUIVALENT
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GHG Emissions [tn/
year] Δ Annual mean [%] Δ  TOTAL [%] 

Emissions per capita 
[tn/càp.year] 

A = Present Situation 4.732.360 0,00% 0,00% 3,14 
B = Trend-Based Scenario 6.030.897 2,23% 27,44% 3,96 
H = GLOBAL ACTION SCENARIO 4.805.849 0,14% 1,55% 3,15 

I = Global Action + Total USW Treatment 4.394.862 - 0,67% - 7,13% 2,89 

GHG EMISSIONS SCENARIOS 
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3.	  General	  Diagram	  
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Building	  Stock	  

The principal role of a BEMS is to regulate and 
monitor heating, ventilation and air conditioning 
(HVAC Control) – and often lighting too. A BEMS 
can efficiently control as much as 84% of a 
building’s energy usage. Source: TREND, 
Poweritsolutions. 

Building Energy Management Systems Building Energy Performance Systems 

The goal of BEPS is to accurately predict the 
energy use of a building to either test the energy 
performance of the building with regards to an 
established standard, or to compare and contrast 
two buildings in order to find the resulting energy 
savings. Source: IBPSA, Energy+. 

The BEBS objectives are to compare one's 
building processes and performance metrics to 
other one’s or best practices from other buildings, 
and regulations. Source: Robert J Boxwell Jr, 
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The principal role of a BEMS is to regulate and 
monitor heating, ventilation and air conditioning 
(HVAC Control) – and often lighting too. A BEMS 
can efficiently control as much as 84% of a 
building’s energy usage. Source: TREND, 
Poweritsolutions. 

Building Energy Management Systems Building Energy Performance Systems 

The goal of BEPS is to accurately predict the 
energy use of a building to either test the energy 
performance of the building with regards to an 
established standard, or to compare and contrast 
two buildings in order to find the resulting energy 
savings. Source: IBPSA, Energy+. 

The BEBS objectives are to compare one's 
building processes and performance metrics to 
other one’s or best practices from other buildings, 
and regulations. Source: Robert J Boxwell Jr, 

Building Energy Benchmarking Systems 

Systems like IBM, Siemens, or 
simmilar, for the building 

management control. 
Building by building 

 

Building simulation tools for 
certification or behaviour 

prediction. 
Building by building  

or for set of buildings 
 

Billing control and consumption benchmarking.  
Set of buildings 

Building	  Stock	  -‐	  status	  



The principal role of a BEMS is to regulate and 
monitor heating, ventilation and air conditioning 
(HVAC Control) – and often lighting too. A BEMS 
can efficiently control as much as 84% of a 
building’s energy usage. Source: TREND, 
Poweritsolutions. 

Building Energy Management Systems Building Energy Performance Systems 

The goal of BEPS is to accurately predict the 
energy use of a building to either test the energy 
performance of the building with regards to an 
established standard, or to compare and contrast 
two buildings in order to find the resulting energy 
savings. Source: IBPSA, Energy+. 

The BEBS objectives are to compare one's 
building processes and performance metrics to 
other one’s or best practices from other buildings, 
and regulations. Source: Robert J Boxwell Jr, 

Building Energy Benchmarking Systems 

R+D Projects  
In EU & Eslewhere 

Taylor made solutions 
based on meta-

models or similar 

Interaction without 
integration 

Building	  Stock	  -‐	  Improvement	  



Building	  Stock	  Op0miza0on	  

• Methods	  with	  pioneering	  
compoments	  	  

• Product	  development	  

• Implementa	  of	  advanced	  
monitoring	  modes	  

• 	  EvaluaOons	  and	  
cerOficaOons	  

• Improvements	  
quanOficaOon	  

• Targeted	  policies	  

• IdenOficaOon	  of	  different	  
type	  of	  acOons	  

• SelecOon	  Cost-‐effecOve	  
acOons	  

• TemporalizaOon	  of	  acOons	  

• Buildings	  clasificaOon	  

• Associated	  energy	  
consumpOons	  

• Control	  of	  enery	  bills	  

Energy	  
Inventorry	  of	  
the	  buildong	  
stock	  

OpOmizaOon	  
and	  energy	  

retrofiOng	  for	  
the	  building	  

stockg	  

Excellence	  Plan	  for	  
energy	  
cerOficaOon	  
of	  building	  
stock	  



•  Introduc0on	  
•  Metabolic	  efficiency	  
•  Energy	  planning	  
•  Example:	  infrastructures	  
•  Example:	  building	  stock	  
•  Conclusions	  



Conclusions	  

Measurement	  

Data	  gathering	  

Analysis	  

Interpreta0on	  Decision	  
making	  

Policy	  	  

Planning	  
New	  genera0on	  of	  Tools	  
	  
Complex	  system	  
	  
Mul0-‐criteria	  matching	  	  
	  
Objec0ve	  evalua0on	  	  
	  	  
Benchmarking	  
	  
Performance	  Evolu0on	  




