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1. Politecnico di Milano - eERG-PoliMi & IETB-PoliMi

1.1 UN-Habitat

2. Agence Marocaine de 'Efficacité Energétique (AMEE)
3. e7 energy innovation &mp; engineering (e7)

4. Associacdo para a Investigacao e Desenvolvimento de
Ciéncias (FC.ID)

4.1 Ciéncias

5. Direction de 'Environnement et des Etablissements
Classés (DEEC)

6. Ministry of National Territory Planning, Urban Planning,
Housing and City Policy (MATNUHPV)

7. Université de La Réunion (UR)

8. Ecole Africaine des Metiers de I'Architecture et de
I'Urbanisme (EAMAU)

9. Al Akhawayn University in Ifrane (AUI)

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 2'

» 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?

- ABC 21 project has received funding from the EU’s Horizon 2020 research and innovation programme under Grant Agreement No.894712
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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 fq

* Non-renewable primary energy, uses the f,.., instead of the f.,,, 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=BYiWqTauV08

Which are the steps proposed by ISO 520007 2'

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 enerqy”

“increasing the share of renewables” - lower the indicator “non-renewable primary
enerqgy”
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NET Zero energy balance over a year: ABC A

ISsue #1

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

= exported renewable primary

— imported primary
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Corrections (coherent with ISO 52000) fl

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 ltaly 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 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, Martinez Cesefia 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 Anc 2'
development of Comfort models

e Inthe 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

This graph is only applicable for the following conditions:

Metabolic Rate: 1.3 met

Clothing Level: 1.0 clo or 0.65 clo as indicated on graph (interpolation of clo values

not allowed). Refer to Table 5-2 for clo values of typical clothing ensembles.

Average air speed: 0.1 m/s

Operative Temperature shall be determined in accordance with Appendix C.
Graph cannot be applied based on dry-bulb temperature alone. Also required

are Sections 5.3.3 Local Thermal Discomfort and 5.3.4 Temperature Variations

with Time.

For design compliance requirements, see Section 6.
For evaluating occupied spaces, see Section 7.
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Figure 5-2 Analytical Comfort Zone Method example—effect of increased clo value.
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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 9,ae/K9ai
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Elevated air speed comfort zone method nﬂc ﬂ
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*There is no upper limit to air speed when occupants have local control.

Figure 5-4 Acceptable ranges of operative temperature t, and average air speed V, for 1.0 and 0.5 clo comfort zones at
humidity ratio 0.010.
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What about
the effect of
air velocity on
comfort?
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Elevated air speed comfort zone method nnc 2|
VERSUS Analytical comfort zone method

RELATIVE HUMIDITY (%)
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Figure 5-5 Elevated Air Speed Comfort Zone Method example (lightly shaded zone) compared to the Analytical Comfort Zone
Method example (darkly shaded zone).

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 ABG 2|
upper acceptability temperatures
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Figure 5-8 Acceptable operative temperature f, ranges for naturally conditioned spaces.

Table 5-13 Increases in Acceptable Operative Temperature Limits (Afy) in Occupant-Controlled Naturally
Conditioned Spaces (Figure 5-8) Resulting from Increasing Air Speed above 0.3 m/s (59 fpm)

Average Air Speed V, 0.6 m/s (118 fpm)

Average Air Speed V, 0.9 m/s (177 fpm)  Average Air Speed V, 1.2 m/s (236 fpm)

1.2°C (2.2°F)

1.8°C (3.2°F) 2.2°C (4.0°F)

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 t, > 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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Inputs X Does not comply with ASHRAE Standard 55-2020

80% acceptability limits = Operative temperature: 22.7 to 29.7 °C

Too warm
Adaptive method v 90% acceptability limits = Operative temperature: 23.7 to 28.7 °C

Too warm

Select method:

Operative temperature

Adaptive chart

30 _°C
Prevailing mean outdoor temperature 34
27 s eC 32
Air speed
P 30
— 28
e
Set pressure  SI/IP ‘o
5 26
©
Local discomfort  Globe temp E- 24 |
@
Reset Save Reload Share % 22
2 20
Documentation ©
18
16
14

10 i2 14 16 18 20 22 24 26 28 30 32
Prevailing Mean QOutdoor Temperature [°C]

MNOTE: Method is applicable only for occupant-controlled naturally conditioned spaces that meet all of
the following criteria: {a) There is no mechanical cooling system installed. Mo heating system is in
operation; (b) Metabolic rates ranging from 1.0 to 1.3 met; and (c) Occupants are free to adapt their
clothing to the indoor and/for outdoor thermal conditions within a range at least as wide as 0.5-1.0 clo.



Inputs v/ Complies with ASHRAE Standard 55-2020

80% acceptability limits = Operative temperature: 22.7 to 31.5 °C

Comfortable

Adaptive method v 90% acceptability limits = Operative temperature: 23.7 to 30.5 °C
Comfortable

Select method:

Operative temperature

Adaptive chart

30 _°C
Prevailing mean outdoor temperature 34
27 . °C a2
Air speed
P 30
0.9 m/s (177 fpm) v
— 28
9
Set pressure  SIfIP ©
5 26
@
Local discomfort  Globe temp é- 24 |
8
Reset Save Reload Share ,;.-!3: 22
E 20
Documentation © sl
B
16
14

10 12 14 16 18 20 22 24 26 28 30 32
Prevailing Mean Outdoor Temperature [*C]

NOTE: Method is applicable only for occupant-controlled naturally conditioned spaces that meet all of
the following criteria: (&) There is no mechanical cooling system installed. No heating system is in
operation; (b) Metabolic rates ranging from 1.0 to 1.3 met; and (c) Occupants are free to adapt their
clothing to the indoor and/or outdoor thermal conditions within a range at least as wide as 0.5-1.0 clo.
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E CB E CBE Thermal Comfort Tool
22

cenrenror e aunr envieonven:r ASHRAE-55  EN-16798 Compare Ranges Upload Help Other CBE tools

Inputs v Complies with ASHRAE Standard 55-2020

80% acceptability limits = Operative temperature: 22.7 to 31.9 °C

Comfortable
Adaptive method v 90% acceptability limits = Operative temperature: 23.7 to 30.9 °C

Comfortable

Select method:

Operative temperature

Adaptive chart
30 [g|°C
Prevailing mean outdoor temperature 34
27 . °C 32
Air speed
P 30
1.2 m/s (236 fpm) v
5 28
Set pressure  SI/IP =y
5 26
©
Local discomfort ~ Globe temp “é.’ o4 T
K3
Reset Save Reload Share .%_: 22
2 20
Documentation =
18
16
14
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Prevailing Mean Outdoor Temperature [°C]
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Low energy needs = high comfort, IAQ and 2|
“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.)

delivered energy can
fully correct the
discomfort and IAQ
reduction caused by a
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Next webinars on Future weather, night ventilation etc.. ﬂ
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.

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.

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