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Concrete Sequester
The Energy Department - Office Building

2024

Instructor: Dan Wood

In the future, carbon-absorbing concrete will become the primary material of con-
struction. Concrete using this technology reduces the carbon footprint of buildings
and helps combat climate change by actively absorbing CO2. This technology
ensures a comfortable indoor climate and allows buildings to regulate temperature
and improve air quality passively. In the design of the future Department of Energy,
through the exploration and innovation of carbon-absorbing concrete technology,
sustainability can be achieved by continuously relocating excavated concrete to
rearrange the required indoor space. By combining these design concepts and tech-
nologies, the future Department of Energy Building will become a fully functional,
environmentally friendly modern office building that can cope with future changes.
It will fully embody the concept of sustainable development and innovative spirit.
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THE MINISTRY FOR THE FUTURE



Type of Space

Open Floor & Conference Room

The studios and offices are mainly sur-
rounded by open floors in the lounge and
meeting areas, forming a compact and func-
tional working environment. These spaces
provide a relaxed and concentrated working
environment while facilitating interaction
with other areas. Sound insulation materials
are used on carbon-adsorbed concrete to
improve work efficiency and comfort.

Conference Room

Wood tones are used in large conference
areas to provide a warm and natural feeling,
suitable for team collaboration and formal
meetings. The natural texture brought by
wooden elements helps to create a comfort-
able and friendly environment.

Open Floor & Mezzanines

Open Floors connect different work ar-
eas and offices through mezzanines. The
mezzanine design promotes interaction
and collaboration between various depart-
ments and teams and provides small rest
and meeting spaces. The mezzanine can be
flexibly transformed, excavated, and filled
to cope with future changes.

Recreation Room

White-toned soft materials in the cave rest
area create a bright and warm atmosphere.
White not only reflects natural light but
increases the brightness of the space and
brings a fresh and relaxing feeling. The
outdoor sunlight and air are introduced into
the room through the openings.

T

Open Floor & Box Room

Areas such as energy storage rooms,
laboratories, and test areas exist in Box
room Spaces, all in concrete structures.

So, sustainable space changes can be

made over time to cope with future
needs.

Vertical Core & Box Room

The vertical core contains an elevator
transportation system to ensure effi-
cient floor connections. The core area
includes major pipelines and service
facilities for centralized management
and maintenance.
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Thermal Capacit

Thermal Capacity (symbol c), known as specific
heat, is a physical quantity commonly used in
‘thermodynamics. It indicates an ob ject's ability
to absorb or dissipate heat. It refers to the
amount of heat absorbed or released by a unit
mass of a substance when its temperature
rises or drops by a unit. Its unit in the
International System of Units is joule per
kilogram Kelvin [J/(kg * K)], which is the energy
required to raise the temperature of 1 kilogram
of a substance by 1 Kelvin.

Formula: C = Q /m AT

Where Q is energy in joules (J). m is mass
in kilograms (kg). A T is the temperature
change in Kelvin (K).
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Particle Cooler

Particle Hotter

At different temperatures, the specific heat capaci—
ty of a substance will be different, mainly because
the pressure of the molecules is different. According
to the kinetic theory of molecules, when the tem—
perature increases, the molecules vibrate faster;
when the temperature decreases, the molecules vi—
brate slower. This principle also means that the
specific heat capacity of a substance is different
under different pressures and phases. Taking tem—
perature difference as an example, if you boil water
in the summer., it will boil faster than in the winter
because the temperature is higher.

Outdoor
Indoor

11:00 am
23 c 32c 26 c

9:00 pm

Coastal Air Flow:

=

In34.4 kPa
water will boil 6t 70 C.
“Thermal Gapacity Reduce

In 101.325 kPa
water will boll at 100 G
Normal Thermal Capacity

Sealevel

Day tie

Taking level of the earth,

pressure is 101.325 kP,

APP modified asphalt waterproof membrane
Lightweight concrete
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3590J/kg’C
6430J/kg’C

Asphalt concrete

Gypsum Board

Marble

47500/kg'C 3130J/kg’C

2670J/kg'C

7 Cement mortar

7
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Ly

S~

Water's specific heat capacity is much higher than that of most substances on land, which means that it can absorb or release a lot of heat without causing drastic

where water will boil at 100 degrees Gelsius. On Mount Everest, about 8.8 kilometers above sea level, the atmo—
spheric pressure Is about 34.4 kPa, where water wil boil at 70 degrees Celsius.

the temperature relatively stable.

Coastal cities:

During the day, the temperature of coastal cities rises slowly because the ocean can absorb a lot of solar energy. At night,
the ocean will gradually release the heat absorbed during the day, making the night temperature relatively high.

5 +5 +5 +4

| w2 #8343 134T 13 Material Name

hanges. This property signi
temperature of the surrounding air and bring the heat of the water body to the coastal areas through the exchange of sea and land breezes. Therefore, during the day, the cool air of the ocean will flow to the land, and at night, warm sea breezes will blow to the coastal areas, making

Thermal Capacity of building materials:

impacts the of coastal cities. The ocean can regulate the

Double glazing

Specific heat J/ (kg * K)

£

o000 00 0 0 *l+ 2.4 41 g g

o] Water vapor (water)

sﬁ) Water

8 Ice (solid water)
Ceramics

Reinforced concrete

Time 100am 200am 300am 400am 500am G00am 700am B00am §00am 1000 am 11:00 am 12:00 pm 1:00 pm 2:00 pm 300 pm 400 pm 500 pm 600pm 7:00 pm 800 pm 9:00 pm 10:00 pm 11:00 pm 12:00 am

Crushed stone and pebble concrete

Asphalt concrete

Lightweight concrete

Cement mortar

Brick

Autoclaved aerated concrete

‘Wood Floor

Cork board

Fiberboard

5640J/kg’'C

Gypsum Board

Particle Board

Noon Afternoon

== ==

= ]

Evenin:
< Rockwool board

Cooling slowly Heating slowly Wood

14 Clay
%38 %g Granite, basalt
Marble

Adding Thermal capacity to the city

NANNNNNNNNNNNNNY Nunnn

APP modified asphalt waterproof membrane

Ocean

PVC membrane

Construction Steel

Aluminum

Inland cities:

Single glazing

Glass

Inland cities, because there is no regulation by the ocean, the ground changes more ically, rising rapid-

ly during the day and cooling rapidly at night.

+7 47 +7 +7

+6 +6
I I +5 ii +3 +3

TIME 100am 200am 300am 400am 500am G00am 700em §00am 900am 1000am 1100am 1200pm 100 pm 200pm 300pm 400pm 500pm 600pPM 700pm 8G0pm 900 pm 1000pm 1100 pm 1200am

+

(2]

+1+2+3
+1+1+1 0 0 0 0 0 0

Skin Sweating Maintaining
‘thermal balance

Degree diff

Lightweight, breathable fabrics
can better dissipate heat

Evening

Fat and muscle tissue
have retain heat more
efficiently

Heating faster

I

Body Thermal Capacity:

N

The human body’s core
temperature is about 37°C
The specific heat of the human
body is approximately 3500J/kg'C

Insulated clothing helps
maintain body temperature

Clothing changing the body's heat
capacity by reducing the rate of
heat exchange with the environ—
ment.

The specific heat of air is 1030J/kg'C




Phrase 2: Thermal Capacity

Cooling

Cooling

Day Night Day Night

Heating GCooling Heating Cooling
Fast Fast T Fast
Double glazing
Specific heat 600 j/kg'k Specific heat 1200 j/kg’k
Day Night Day Night
C
i Cooling Heating GCooling
Siow. S Fast Fast
Wood .
Specific heat 2510 j/kg'k Specific heat 750 j/kg’k
Day Night Day Night
Heating Cooling Heating Cooling
Fast Fast Fast Fast
1

Aluminum

Clay
Specific heat 1010 j/kg'k Specific heat 920 J/kg'k

Same day and time

Day Night
Heating Cooling
Slow Slow

Phrase 3. Thermal Capacity

Malay Traditional Houses

Malay houses have wooden or bamboo walls and are topped with a sloping
thatched roof. High stilts ensure minimal impact on the ground to avoid con—
flicts between people and animals. As daytime temperatures are usually
higher in tropical areas, the ground space allows for temperature regulation,
ventilation, and unobstructed air circulation.

7:00 am to 7:00 pm
Heating

S A 615 J/kg'C
. Thatch rime reach Max Temp 2n
A * . Heating Fast

P L
25104/kg’C
Time regch Max Temp 7h,

ess 4"

Thickne
Thatch cooling time 1+

Store Less Energy 7:00 pm to 7:00 am
Cooliing Fast

;4 Thickness 16"
PO Gooling time
Wood ghiekness e’
Copliing mere slowly when
Thickness adding

A _ Thickness 8"
‘WOO_ _Cooling time 3+
\ Store more Energy
Gooling time 6H

Heating

=
=

Cooling
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Triple glazing
Specific heat 1800 j/kg'k

Day Night
Heating Cooling
Fast Fast

Specific heat 920 j/kg'k

Day Night
Heating Cooling
Fast Fast

GConcrete
Specific heat 1050 j/kg"k
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itecture Photography

2024
Instructor: Michael Vahrenwald
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