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A large network 

Bioclimatism is a concept that integrates the micro-climate and architecture with human thermal comfort. 

It refers to an architectural design approach which adopts passive strategies and renewable energy systems to 

achieve comfort in buildings and neighbouring areas 
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Advances in Energy research and standards

• High performance or Zero Energy buildings: a hurdle race with

three (3) steps/indicators for overall energy performance of buildings,                       

not just Non-renewable primary energy

• The problematic concept of Net-zero energy over a year: 2 relevant problems 

and

• some alternatives

• Which implications 

• for EPBD recast and legislation/regulation under preparation in Africa?
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• Total primary energy is the sum of all flows of delivered energy (renewable 

and non-renewable), each being weighted with their respective ƒPtot

• Non-renewable primary energy, uses the ƒPnren instead of the ƒPtot when weighting 

the various streams of delivered energy that cross the assessment boundary of the 

building. 



According to EN ISO 52000-2 standard (2017) : 

«the use of only one requirement, for example the 

numerical indicator of primary energy, is 

misleading.… 

A building can be qualified as a "nearly zero energy" 

building only if it satisfies the requirements at each 

step 

This approach is similar to a hurdle race»

Link  to AZEB video 

https://www.youtube.com/watch?v=BYiWq

TauV08

https://www.youtube.com/watch?v=BYiWqTauV08
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Which are the steps proposed by ISO 52000?

1) energy needs for heating and cooling correlate with performance of the 

thermal envelope + heat recovery on ventilation

Average existing building in Milano: 150 kWh/m2y  state of the art new or 

retrofitted: 15 to 25 kWh/m2y  (80 to 90% reduction in energy needs)

2) total primary energy describes the performance of envelope+active systems 

(cover remaining energy needs efficiently from non-renewable or renewable 

sources: a boiler should be efficient even if it uses biomass)

3) non-renewable primary energy,:  part of total primary energy not covered by 

renewable energy (whether generated on-site, nearby or at a distant location). 

“energy efficiency first” principle  lower  the indicators “energy needs” and “total 

primary energy” 

“increasing the share of renewables”  lower the indicator “non-renewable primary 

energy”
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NET Zero energy balance over a year: 

issue #1
Yearly primary energy balance = + primary renewable energy generation on site - total primary energy use =

= exported renewable primary 

– imported primary

Fine, Yearly primary energy balance is zero, 

but…
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Corrections (coherent with ISO 52000)

Yearly energy balance = 0, but still gas is burned and CO2 emitted. 

Also, the balance assumes that 100% of PV energy is stored (somewhere in the 

grid) and retrieved without losses from summer to winter.

In reality, inter-seasonal storage is costly in materials, embodied energy and 

energy storage losses. 

To eliminate/reduce this problems: 

- e.g. in Italy the energy balance is calculated on a monthly basis, not yearly

- e.g. certain labels include in the renewable primary energy factors the (high) 

losses due to inter-seasonal storage (storing energy for half a year implies 

losses)

- Strongly reduce energy needs: unbalance will be lower  required storage and 

transmission infrastructure will be smaller

- Just FORGET the energy exported to the grid in the evaluation of the BUILDING
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NET Zero balance : issue #2

Good N. at Al (2017) apply optimization to a district made up of: 

• well-insulated apartments, 

• heated by a heat pump 

• endowed with PV panels 

• and electric battery. 

By optimizing with the objective of Net zero or Positive energy balance over a year 

they find that the battery would not be utilized at all, since 

“battery losses will result in net increase in electricity consumption compared with the no 

storage case” 

and all surplus energy is transferred to the grid. 

Net zero balance is in conflict with the objective of maximizing the self use of renewable 

energy by means of the storage. 

Good N, Martínez Ceseña EA, Mancarella P. Chapter Two - Energy Positivity and Flexibility in Districts. In: Monti A, Pesch D, Ellis KA, 

Mancarella P, editors. Energy Posit. Neighborhoods Smart Energy Dist., Academic Press; 2017, p. 7–30. https://doi.org/10.1016/B978-0-

12-809951-3.00002-8. 
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A short selection of moments in the 

development of Comfort models

• In the 70’s and 80’s 

• Fanger proposed his PMV/PPD model (6 input variables, none about outdoor 

climate). Fanger concludes: “humidity has low influence on thermal comfort”

• Humphrey / Nicol proposed their adaptive model (1 variable representing 

outdoor climate, the running mean outdoor temperature,  approximately the 

average temperature over last week)

• Givoni and Arens/ASHRAE  propose bioclimatic charts, where air velocity 

plays an important role, and humidity a limited role

• Arens: “For natural cooling, it was necessary to modify the upper 

humidity limit given in ASHRAE Standard 55-1981. This limit, 0.012 

moisture ratio, is based on avoiding condensation and mold growth 

in the ducts of centrally air-conditioned buildings rather than on 

human thermal comfort requirements. !
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The Analytical comfort zone method

Applicability. It addresses all spaces 

where the occupants have activity levels 

that result in average metabolic rates 

between 1.0 and 2.0 met, and average air 

speeds is up to 0.20 m/s

Methodology: The PMV/PPD model is 

reported in the Normative Appendix B.

• Compliance is achieved if –0.5 < PMV < 

+0.5.

• The CBE Thermal Comfort Tool is 

compliant with this model.

Consideration: Local thermal discomfort 

effects needs to be accounted for as per  

Informative Appendix I.

• No upper and lower limits on Relative 

humidity

• No reference to the 12,0 gwater/kgair
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Elevated air speed comfort zone method



What about 

the effect of 

air velocity on 

comfort?
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Elevated air  speed comfort zone method 

VERSUS  Analytical comfort zone method

Fanger, P. O. 1970. Thermal comfort. Analysis and applications in environmental engineering. Copenhagen: Danish Technical Press.
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The Adaptive comfort model and increased 

upper acceptability temperatures

Applicability. It can be  only used for 

occupant-controlled naturally conditioned 

spaces when: 

• There is no mechanical cooling or 

heating system in operation. 

• Representative occupants have 

metabolic rates ranging from 1.0 to 1.5 

met. 

• Representative occupants are free to 

adapt their clothing to the indoor 

and/or outdoor thermal conditions 

within a range at least as wide as 0.5 

to 1.0 clo.

Class: The 80% acceptability limits are the 

typical reference. 

Consideration: Local thermal discomfort, 

clothing insulation, metabolic rate, 

humidity and air speed are already 

accounted for

• If t0 > 25°C, then, if air velocity can be 

increased,  it shall be permitted to 

increase the upper acceptability 

temperature limits according to the table
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Low energy needs  high comfort, IAQ and 

“passive survivability”

Certain aspects of thermal comfort are best achieved by improving the quality of 

the building envelope (more uniform surface temperatures, no condensation at 

cold brides and mould, optimal blend of solar protection and access to natural 

light, etc.)

No amount of 

delivered energy can 

fully correct the 

discomfort and IAQ 

reduction caused by a 

poor envelope
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Next webinars on Future weather, night ventilation etc..

Some references

Erba, S., Sangalli, A., & Pagliano, L. (2019). Present and future potential of natural night ventilation in nZEBs. IOP 

Conference Series: Earth and Environmental Science, 296. https://doi.org/10.1088/1755-1315/296/1/012041

Erba, S., Pagliano, L., Shandiz, S. C., & Pietrobon, M. (2019). Energy consumption, thermal comfort and load match: Study of 

a monitored nearly Zero Energy Building in Mediterranean climate. IOP Conference Series: Materials Science and 

Engineering, 609, 062026. https://doi.org/10.1088/1757-899X/609/6/062026

The effect of weather datasets on building energy simulation outputs

Addressing the challenges of public housing retrofits

Combining sufficiency, efficiency and flexibility to achieve positive energy districts targets

https://doi.org/10.1088/1755-1315/296/1/012041
https://doi.org/10.1088/1757-899X/609/6/062026
https://www.scopus.com/record/display.uri?eid=2-s2.0-85032678393&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85032568399&origin=resultslist
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