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Design Criteria I Passively provide [adaptive] thermal comfort

Design Criteria Il Fully bio-based

Design Criteria IlI: Buildable with local construction workers

Design Criteria IV: Accessible for low-income people

Design Criteria V: Building system that can be implemented throughout tropical climate region
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How can we design a fully bio-based building system that
can be easily constructed by local workers, is accessible
to low-income people, passively provides thermal comfort
and can be effectively implemented across the tropical

climate region
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How and to what extend do bioclimatic strategies in
vernacular architecture provide adaptive thermal comfort
in a tropical monsoon climate?
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Tropical climate Koppen climate classification [A]

Tropical rainforest climate (Af),
Tropical monsoon climate (Am),
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Dry Bulb
Temperature

[Hourly plot]

Netherlands Tropical monsoon climate
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Dry Bulb
Temperature

[Monthly plot]

Netherlands Tropical monsoon climate

Problem statement - Design question - Research question - Design criteria | - Design criteria Il - Design criteria Ill - Design criteria IV - Design criteria V - Design proposal



™

Restation Humwey (%)
11 1o 12231 beanen 8 and 23 @1
ity Amstetiam Schirol AP

counry.
bme-zae 101
source; SRC-TMYX

Image source: own illustration

:
| | Uik, o
i- ‘ T0.00
| GO U BRI e
f | "
4000
30.00
'hﬂl
im
| 0.00

Mar dum el Aug Sap Ot Lo Doc




100.00
94.12
88.24
82.36
76.48
70.60
64.72
58.84
52.96
47.08 |-
a2t

Fraction (%)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Image source: own illustration

IRQMMB Humidity

Fraction (%)

100.00
80.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00

10,00

Jan Feb Mar Apr May Jun Jul

city: Ko.Lanta
couniry: THA
time-zone: 7.0
source: SRC-TMYx

Sep

MNov

.Ramva Humidity



i

R R

Image source: own illustration



26000.00
23400.00

20800.00

18200.00
15600.00

13000.00

Energy Intensity (Wh/m2)

Image source: own illustration

IDimt:t Nermal Radiation

Energy Intensity (Wh/m2)

country: THA
time-zone: 7.0
source: SRC-TMYx

Sep

Dec

lDirs:l Normal Radiation



Precipitation

[mm]

Netherlands

Average temperatures and precipitation

40°C

10°C

o

Image source: own illustration

Precipitation
Cold nights

100 mm
75 mm
50 mm
25 mm
0 mm
Apr May Jun Jul Aug Sep Oct Nov Dec
— Mean daily maximum Hot days — Mean daily minimum

Tropical monsoon climate

Gemiddelde temperatuur en neerslag

40°C
35 °C

33°C 33°C 33°C

N\ 31°C
30/°C 30°C 30°C  [30IC
30 °C 29°C
28°C
wE ] T
sc [Rsid Bsic

25°C  moayc Rad Pad RAad Rad Riad Rad RAad RAc
20°C

Jan Feb Mar Apr Mei Jun Jul Aug Sep Okt Nov Dec

Neerslag — Gemiddelde maximumtemperatuur Warme dagen
— Gemiddelde minimumtemperatuur Koude nachten

500 mm

400 mm

300 mm

200 mm

100 mm

0 mm

Problem statement - Design question - Research question - Design criteria | - Design criteria Il - Design criteria Ill - Design criteria IV - Design criteria V - Design proposal



Tropical monsoon climate characteristics

High solar radiation on west, east and horizontal surfaces (constant throughout the day and season)
High average temperature (constant throughout the day and season)
High average relative humidity (constant throughout the day and season)

High precipitation (constant throughout season and increase during monsoons)
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Bio-climatic strategies

1.Building orientation and shape
2.Solar shading

3.Natural ventilation (cross ventilation (a), stack
ventilation (b), single-side ventilation (c)

4 Natural lighting techniques
5.Light weight construction
6.High thermal mass
7.Evaporative cooling

8.Earth cooling

9.Passive cooling by using color
10.Thermal insulation by material

11.Thermal insulation by design (e.g., well ventilated
attic, double-skin fagade...)

12.Passive solar energy

13.Storm prevention

14.Flood prevention

15.Rainwater discharge

16.Moisture and condensation prevention

17.0thers
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Vernacular architecture Amazone
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Bio-climatic strategies

1.Building orientation and shape
2.Solar shading

3.Natural ventilation (cross ventilation (a), stack
ventilation (b), single-side ventilation (c))

4 Natural lighting techniques
5.Light weight construction
6.High thermal mass
7.Evaporative cooling

8.Earth cooling

9.Passive cooling by using color
10.Thermal insulation by material

11.Thermal insulation by design (e.g., well ventilated
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1.Building orientation and shape
2.Solar shading

3.Natural ventilation (cross ventilation (a), stack
ventilation (b), single-side ventilation (c))

4 Natural lighting techniques
5.Light weight construction
6.High thermal mass
7.Evaporative cooling

8.Earth cooling

9.Passive cooling by using color
10.Thermal insulation by material

11.Thermal insulation by design (e.g., well ventilated
attic, double-skin fagade...)

12.Passive solar energy

13.Storm prevention

14.Flood prevention

15.Rainwater discharge

16.Moisture and condensation prevention

17.0thers
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Tropical climate (A) Koppen climate classification

Tropical rainforest climate (Af),
Tropical monsoon climate (Am),

5. Thailand Palm Oil Production 4. Colombia Palm Oil Production 3. Nigeria Palm Oil Production 2. Malaysia Palm Oil Production 1. Indonesia Palm Oil Production Global Palm Oil Production
1 Milion hafyear 15 Willion ha/year 3.5 Million hafyear 5 Million he/year 13 Million ha/yea 25 Willon ha/year
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Image source: Glued Laminated Timber from Oil Palm Timber
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Table 1: Palms with potential for industrial conversion of trunks into products.

palms world area number of rotation number of available
[million ha] | palms [million] period available palms | million m?
[vears] [million] [palm
trunks per
year]
oil palm 25 3,000 25 120 180
coconut palm 12 1,200 50 24 40
date palm 0.8 110 55 2 3




Image source: Glued Laminated Timber from Oil Palm Timber

Table 2: Main growing countries for palms and areas in million ha (various sources).

oil palm coconut palm date palm

Indonesia 13.0 Indonesia 4.0 Iran 0.22
Malaysia 5.0 Philippines 35 Iraq 0.21
Nigeria 35 India 2.0 UAE 0.16
Thailand 1.0 Brasil 0.5 S. Arabia 0.04
World >25.0 world ~12.0 world ~1.0
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Image source: Glued Laminated Timber from Oil Palm Timber

ca.10-12m
40-45 cm 10-12 min length
di 1
fameter 45 — 55 cm thick (base), 40 — 45 cm (top)
Straight, no branches
But density distribution
0.15-0.70 g/cm? (dry matter)
But moisture content
120 % - 600 % mc (based on dry matter)
45-55 cm .
diameter 40 % density >350
40 % density 220-350

20 % density < 220
Figure 1: Density distribution in an oil palm trunk.
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Fig. 1 Sawing pattern of the
oil palm trunk sections with
board identification numbers
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Fig. 10 shows an overview on the key processes in oil palm wood utilization.
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Figure 10: Key processes in palm wood utilization
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~ 290-335 kg/m? ~ 363427 kg/m®

- <290 kg/m? ~ <290 kg/m?

~ 335-363 kg/m? ~  >427 kg/m?

Cl10 Cl4

Fig. 5 Combined beam structures to achieve strength class C10 (left) and C14 (right). The left
beam is based on non-ripped lamellas, whereas the beam on the right is based on ripped lamellas
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Fig. 7 Typical fracture patterns: left: in compression below the load inducing area and in the area
of the supports: right: in tension on a reverse loaded beam
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No cranes
50 < Kg
Experiences with concrete
Max beam: 450mm x 200mm
Max blockboard: 450mm x 20mm
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Problem statement
Design question
Research question

Design criteria V: Building system that can be implemented
throughout tropical climate region

Design proposal
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Energi usage: 25 households x 900
Wh/year = 22,500 kWh/year

Solar radiation: 1,825
kWh/m*2/year

Conversion rate solar panel: 20%

Energy per m2 solar panel: 0.2 x
1,825 kWh/m"2/year = 365
kWh/m*2/year.

Amount of m2 needed: 22,500
kWh/year + 365 kWh/m*"2/year =
61.64 m"2.
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Total square meters of vegetable
garden: 8536 square meters

Square meters of vegetable garden per
household: 341,5 square meters

Rule of thumb for watering vegetable
garden is: 2.36 liters per square meter.

8536 square meters x 2.36 liters/square
meter = 20,124.96 liters per week

eria V - Design proposal



In both Indonesia and the Netherlands
the water usage was reported as 130
liters per person per day

3 people per household, then the
number of people will be 25
households x 3 people/household = 75
people

75 people x 130 liters/person/day =
PEoP p9,750 Iite¥s.

a water tank that can hold 3 days x
9,750 liters/day = 29,250 liters.

eria V - Design proposal



Image source: Smallholder Oil Palm Production Systems in Indonesia:
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Image source: Smallholder Oil Palm Production Systems in Indonesia:
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Image source: Indoor thermal comfort review: The tropics as the next frontier:
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Thank you



Questions
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