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Paradigm Shift:

• Paradigm (from the greek parádeigma) a model, the representation of a

pattern, something to serve as a general example or modell;

• In The Structure of Scientific Revolutions, Thomas Kuhn wrote that "the

successive transition from one paradigm to another via revolution is the

usual developmental pattern of mature science“;

• “New paradigms then ask new questions of old data, move beyond the

mere "puzzle-solving" of the previous paradigm, change the rules of the

game and the "map" directing new research”.
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Energy Performance of Buildings

Directive (EPBD) recast

2010/31/UE

Planning for Federal Sustainability in

the Next Decade

Executive Order 13693, 19 March 2015
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US Department Of Energy

Common Definition for Zero Energy Buildings,

September 2015

Planning for Federal Sustainability in

the Next Decade

Executive Order 13693, 19 March 2015
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Energy Performance of Buildings

Directive (EPBD) recast

2010/31/UE

Countries shall define the meaning of:

• “Nearly zero”;

• “Significant extent” of used energy that is

covered by renewables;

• “on-site” renewable production;

• “nearby” renewable production.

(EN 15603, to be published)
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Domestic Hot Water (DHW) Example.

Existing DHW system serving showers in a gymnasium, using a gas boiler 

to produce DHW
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Domestic Hot Water (DHW) Example.

Step1 - Minimize system losses:

• Benefit system piping and components insulation;

• Balance and minimize return water flow;

• Implement a non-thermal strategy to fight Legionella.
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Domestic Hot Water (DHW) Example.

Step2 - Minimize final user requirements:

• Change existing shower heads, of 12 liter/m, by high efficiency shower 

heads using only 6 liter/m.
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Domestic Hot Water (DHW) Example.

Step3 – Solar thermal.
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Domestic Hot Water (DHW) Example.

Step4 – Heat pump.
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Domestic Hot Water (DHW) Example.

Step5 – Solar PhotoVoltaic.
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Domestic Hot Water (DHW) Example.



Traemos al presente el futuro de la construcción! 

Domestic Hot Water (DHW) Example.

Eficiência energética Alteração de requisitos

Renováveis
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1.º Changing/Reducing traditional requirements

2.º Energy Efficiency

3.º Renewables

4.º Energy monitoring

ROADMAP
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1.º Changing/Reducing traditional requirements

i. Thermal comfort;

ii. Indoor Air Quality;

iii. Lighting;

iv. Office equipment loads;

v. Energy Flexibility.
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1.º Changing/Reducing traditional requirements

i. Thermal comfort;
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1ºC higher indoor temperature

≈5% less energy consumption

Results from measurements in two actual buildings.
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1.º Changing/Reducing traditional requirements

i. Thermal comfort;

Adaptative Comfort criteria must be adopted whenever possible !
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1.º Changing/Reducing traditional requirements

i. Thermal comfort;

In Lisbon, indoor air
temperature could be 28ºC 

in the Summer

Adaptative Comfort criteria must be adopted whenever possible !
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1.º Changing/Reducing traditional requirements

i. Thermal comfort;

Higher indoor air temperatures can 
be compensated with higher

indoor air velocities

ISO 7730 – Annex G – Air Velocity
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1.º Changing/Reducing traditional requirements

i. Thermal comfort;

Changing Requirements:

• Adaptative comfort criteria;

• Natural ventilation;

• Occupant control of the indoor environment (whenever possible);

• Use of higher air velocities in the Summer;

• Flexible dress code;

• Flexible use of indoor space;

• Flexible work schedules.
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1.º Changing/Reducing traditional requirements

ii. Indoor Air Quality;

Research from the USA Department of Energy (DOE).

In the majority of HVAC systems, 
fans&pumps use more energy than

water chillers
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1.º Changing/Reducing traditional requirements

ii. Indoor Air Quality;

ASHRAE 62.1

num description symbol value units formula/source

1 floor área A 6,0 m2

2 num of people NP 1 -

3 ventilation airflow V 4,3 l/s EN15251 : 2007 (Rp x NP + Ra x A)

4 airflow per person Rp 2,5 l / s.p EN 15251 - categoria 2

5 airflow per floor área Ra 0,30 l / s.m2 EN 15251 - categoria 2 ; low polluting

Ventilation requirements

EN 15251

num description symbol value units formula/source

1 floor área A 6,0 m2

2 num of people NP 1 -

3 ventilation airflow V 11,2 l/s EN15251 : 2007 (Rp x NP + Ra x A)

4 airflow per person Rp 7,0 l / s.p EN 15251 - categoria 2

5 airflow per floor área Ra 0,70 l / s.m2 EN 15251 - categoria 2 ; low polluting

Portugal law

num description symbol value units formula/source

1 floor área A 6,0 m2

2 num of people NP 1 -

3 ventilation airflow V 8,3 l/s RECS : Max [ (Rp x NP) ; (Ra x A) ]

4 airflow per person Rp 6,7 l / s.p RECS, tabela I.04

5 airflow per floor área Ra 1,4 l / s.m2 RECS, tabela I.05

For unadapted visitors

For adapted occupants
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1.º Changing/Reducing traditional requirements

ii. Indoor Air Quality;

Ventilation requirements

Portugal law (former)

num description symbol value units formula/source

1 floor área A 6,0 m2

2 num of people NP 1 -

3 ventilation airflow V 9,7 l/s RSECE : Max [ (Rp x NP) ; (Ra x A) ]

4 airflow per person Rp 9,7 l / s.p RSECE, table I.04

5 airflow per floor área Ra 1,4 l / s.m2 RSECE, table I.05

Portugal law (former) usual practice

num descrição symbol value units formula/source

1 floor área A 6,0 m2

2 num of people NP 1 -

3 ventilation airflow V 24,3 l/s RSECE : Max [ (Rp x NP) ; (Ra x A) ]

4 airflow per person Rp 9,7 l / s.p RSECE, tabela I.04

5 airflow per floor área Ra 1,4 l / s.m2 RSECE, tabela I.05

6 ventilation "efficiency" Ev 0,6 - frequently used value

7 non ecological materials mat 1,5 - RSECE

8 final coeficient K 2,50 - mat / Ev
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1.º Changing/Reducing traditional requirements

ii. Indoor Air Quality;
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1.º Changing/Reducing traditional requirements

ii. Indoor Air Quality;

Air cleaning, (filters):

• Air filters introduce a significant pressure drop in the air stream and,

therefore require significant amounts of energy to operate;

• Energy used in fans also increases the energy used in chillers since it

is fully degraded to heat that must be cooled by the air conditioning

system;

• In the last years, driven by IAQ criteria, the number of filters and its

cleaning efficency/pressure drop has greatly increased;

• Criteria for rational application of air filters must be developed.
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1.º Changing/Reducing traditional requirements

ii. Indoor Air Quality;

Changing Requirements:

• Review of ventilation airflow criteria;

• Review of filter application criteria;

• Conciliate requirements for mechanical ventilation with those for

natural ventilation.
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1.º Changing/Reducing traditional requirements

iii. Lighting&Equipemt;

Changing Requirements:

• Lower required general lighting level, using task lighting;

• Lower IT energy consumption at the building level, adopting cloud

computing, moving IT energy to high efficiency DataCenters with

heat recovery;

Reducing energy use in lighting&equipment also reduces energy

use in HVAC since all this energy is degraded to heat that must be

removed by the HVAC system.
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1.º Changing/Reducing traditional requirements

v. Energy Flexibility;

Energy use Flexibility is desirable due to the variable output of

renewable sources. Buildings and its technical systems should

idealy be designed to allow this flexibility.

Energy storage is the easiest way to adress the issue of Building

energy flexibility but other options can be considered:

• Allow for a broader range of accepted indoor environment

requirements in limited time periods;

• Create monetary benefits for those who allow the grid manager to

temporarily unload specific electrical loads in the building;

• Allow for flexible work time;

• Other…
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2.º Energy Efficiency

i. Integrated Building Design;

ii. Passive solutions optimization;

iii. Active systems optimization;

iv. Efficient technology.
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2.º Energy Efficiency

i. Integrated Building Design;

Integrated design is an approach that considers the design process as well

as the physical solutions with the overall goal to optimize buildings as

whole systems throughout the lifecycle.

UE MaTriD project,
Market Transformation Towards Nearly Zero Energy Buildings Through Widespread use of Integrated Energy Design

In the early design phases, the opportunities to positively influence building

performance are great, while cost and disruptions associated with design

changes are very small.
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2.º Energy Efficiency

i. Integrated Building Design;

•Collaboration within the integrated mutlidisciplinary Building Design Team;

•Discussion and evaluation of multiple alternative design concepts;

•Clear goal setting;

•Building performance assessed in a lifecycle perspective;

•Systematic monitoring;

•First optimize passive solutions;

•In an integrated design process, high indoor comfort and low energy

consumption should be achieved through passive design measures;

•As few efficient technical systems as possible.

UE MaTriD project,
Market Transformation Towards Nearly Zero Energy Buildings Through Widespread use of Integrated Energy Design
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2.º Energy Efficiency

i. Integrated Building Design;

UE MaTriD project,
Market Transformation Towards Nearly Zero Energy Buildings Through Widespread use of Integrated Energy Design

In the early design phases, the

opportunities to positively

influence building performance

are great, while cost and

disruptions associated with

design changes are very small.
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2.º Energy Efficiency

i. Integrated Building Design;

UE MaTriD project,
Market Transformation Towards Nearly Zero Energy Buildings Through Widespread use of Integrated Energy Design
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3.º Renewables

On-site:

•Building Integrated PhotoVoltaics (BIPV);

•Heat pumps;

•Solar thermal;

•Shallow Geothermal.

Off-site or nearby:

•Wind;

•Hydro;

•Solar;

•Biomass;

•Geothermall;

•Other (waves, etc).
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3.º Renewables

Building Integrated PhotoVoltaics

Cortesy of SAPA
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3.º Renewables

Remote, through the grid
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3.º Renewables

Remote, through the grid
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4.º Energy monitoring

Monitoring Strategy Use of monitoring information Typicasl

economy(%)

1
Instaling energy counters data

aquisition software
Consumption registration 0%

2 Strategy1, plus alocation of

energy costs per 

department/sector

Monthly retports for each

department/sector
2% – 5%

3
Startegy2, plus analysis and fine 

tunnig of system soperation

Startegy2, plus revison and fine tuning

of schedules, setpoints, operating

creiteri,a etc.

5% - 15%

4
Strategy3, plus continuos

monitoring and commissioning

Strategy3, plus continuos fine tuning

and systems commissioning
15% – 45%

USA Department Of Energy FEMP Fact Sheet
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4.º Energy monitoring

European Project iSERV (concluded in 2014):

As a result of continuous monitoring of 330 buildings the project reached an

average energy consumption reduction of 9% and a maximum of 33%.

This reduction was achieved with measures with no cost or low cost, achieving

payback periods of investment of less than one year.

(www.iservcmb.info)
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4.º Energy monitoring

Continuos monitoring:

• Global and parcial energy counters;

• Counter remotely read using webserver and webpage;

• Online data register and reading;

• Graphical treatment of data and alarming;

• Remote continuous analysis;

• Identification, diagnosis, and quick correction of consumption anomalies;

• System operation optimization based on aquired knowledge from energy

monitoring.
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Good luck for the NZEB challenge!


