pability in Civil Engineering



Other (10), 8.5%

Computers, 2.3%

Wentilation (9), 2.8%

Wet Clean (8). 3.3%

Cooking, 3.4%

Refrigeration (7)), 5.8%

Electronics (§), 7.8%

Water Heating, 9.6%

WDHLD EH ERGY

CONSUMPTION

Adjustto SEDS
(11). 6.3%

Space Heating
(5). 10.8%

Space Cooling. 12.7%

U.S. ENERGY U.S. BUILDINGS
CONSUMPTION SECTOR
TRANSPORTATION PETROLEUM i
29% -'-'?

‘ ﬁ&*ﬁib )
: \" "-.--Z II N'n'mm GAS a‘*
RENEWﬂBLES —_— I

Lighting. 17.7%

72% of USA electricity
and 1/3 of natural gas
goes to buildings and
appliances (6
kW/residential
household; not much
change per capita in 30

y)

Need to do without
these fossil fuel
requirements

 Renewable drop-in
replacements are
expensive or unavailable

(given intermittency)



Residences

2.1.12 2005 Has.id'untial Eﬂl i;rarad Enargy Consumption Intensitias, by Yintagoe

Par 3guara ParHousahald Par Household Parcant of

Y aar Foat [thousard Biu] millior Biw Mambar [million Biu] Total Consumption
Priorto 1870 483 104.2 4.8 A5 %

1870 to 1875 44 5 &2.8 33.3 15%

1820 to 1525 4.3 223 327 14 %

1530 to 1535 KL o065 34.4 16%
2000 to 2005 340 o6 34.2 2%
Avarage 438 450 370
Soupeals):  ElA, A Look 2l Residenial Enevgy Sonsuimsdion i 2008, Ooloier 2000, Tabie DS~ pad 1.

2.1.5 201 Rasidantial Enargy End-Usa Splits, by Fual Typa [Quadrillion Btu)

Matural Fual Othar Feanw. Sile Site Frimany Prima
Gas Qi LPG Fual1] En.|2] Electric Total Percer Elactric [3] Total Percer

Space Heatimg [4) 213 D4&0 D23 DOE D D33 | 1.05

Spaca Coaling .00 .85 | 2 ¥

Watar Heating 1.08 D10 D08 oo 042 | 1.3

Lighting o076 | 2.41

Electronics [5] 0. 53 | 1.68

F.efrigeration [E] o.4F | 1.5

Weat Clean [7) 007 0. 38 | 1.22

Cooking 0. 22 005 025 | o2

Computars o.0F | .21

Othear [&] 0. 00 .15 o000 918 | 051 "
Adiust to SEDS (8] T | 1.18 1.5 s
Total 450 0407 047 D0d D43 4461 I 14,65 20,85 1

e Efficiency improvements in new construction
offset by more space per household (cf. cars)

* Apartments not more energy efficient per unit
area, but use less energy per household



2.1.11

2005 Dalivarad Enargy End-lUsas for an Avarage Housahaold, by Ragion [Million Btu par Housahold)

Marthaast hidwast

Spoca Haating 7.2 524
Space Coaling 4.5 6.2
Watar Haating 21.9 208
Fefrigemtar 4.3 4.5

Tatal (1)

Qthar Appliancas & Lighting 23.0 258

122.2 113.5

IS a good first step...

Zauth
21.40
14.5
15.8

4.3
25.0
9.4

Wiest
28.3
.G
21.35
4.3
291
.4

IzIng energy needed for heating and

Maticnal

40.5
8.5
18.2
4.8
2.7
0.5
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RADIATION:
It depends on the around
surfaces temperafures

f CONVECTION:

] It depends on the
temperature and the speed
of the air

8- CONDUCTION:
it depends on the surfaces
temperature we feel.

EVAPORATION:
It depends on the pysical

- activily, the inner surfaces
temperature and the air
one

- * Generally best at 18-25 °C

__- NYC day/night: 29°/20° (Jul),
- °/ 3° (Jan)

e --Auru_ngabad: 40°/26° (May),
. 29°/14° (Jan)

 When the heat we
generate can be
transferred at the
normal body
temperature

* Depends on e.g.
humidity (sweat
evaporation rate)
and windspeed
(promotes heat
transfer) as well
as T
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Where is heat lost/gained?

2114 Aggragata Reasidential Building Componant Loas as of 1993 [1)

Loads [guads] and Paercant of Total Loads
Comporent Heating Coaling
F.oaf 065 2

Walls

Fourdation

Infiltration

Wirdows [cord ustion)
Wirdows [solar gain)
Internal Gains

Mat Load

Malals): 1) Laads” raprasanls (e tharmal anamy kasasgaing thal whan sambingd will ba allzal by a boikding's haalingioaaling sy slam
mainlain a sal inlarkar lamparalum fwhich an squaks sila anangy.
Lopoeda’); LBHL, Resideriial Heading ane Coding Loada Componemd Analyvai, ko, 9858, Figee P-4, P-4 and Apoendi O Componeni Loads Data Tanles.

* For winter: concentrate on building airtightness,
windows, and roof

* For summer: concentrate on window shading,
alrtightness, and roof



Steel Frame

Gypsum Sheat
[Compliance with A5TM C 1177]

Basmier Membrane

Exterior Insulation —

Slip Sheet

StoGuarde Joink Treatment

Sto Gold Coate
mvegs rcund 1o hack of pand) \

Metzl Perimeter Channel

Sto Cast Bed Reinforced

Thin Set Adhesve

Insulation

* Slow the escape of
heat and cold

* Materials with air
pockets, commonly
fiberglass, cellulose
(straw, blankets),
foam

* R-value:
temperature
difference per unit
heat flux (m2-K/W or
ft2-°F-h/Btu)



Ventilation

» Exhalations make unventilated rooms feel
Stuffy; emissions from plastic and mold can
cause outright indoor air pollution

* Minimum ventilation rates typically required by
building codes

* Important for summer thermal comfort — exploit
prevailing wind, thermal gradients, fans

* Too much, uncontrolled ventilation (leaky
building) means that more energy Is required to
heat/cool the incoming air



L Thermal mass

QUTSIDE o IR FLOW
GLAZING WMATERIAL - 2 LAVERS [MSIDE

SEPARATED BY 5127 SPACE \ \
(I nsed Kalewall brand fiberglass) 87 ¥ 127 HOLE TN WALL
WALL PAINTED BLACEK \ E STUCCO FINISH
STUN | 27 THICK CONCRETE WALL

AIR.FLOW
SOUTH ““““1*
. —

a7 X B"HOLEIMN WAILL

MYLAR DAMFER, ATTACHED
4T THE TOP HINGING OUTWARD = LIF FLOW / o GRADE
Y

TO ALLOW AIF TO ENTER.
THE COLLECTOR. ' /

|

7 E 6" FRAME
LPPROEIMIATELY 4 ° X &7 FOCOTING
( ) L

27 THICE CLOSED CELL sTYROFOAR /
O OUTSIDE OF WALLS WITH SIDING

WATERIAL OH THE OUTSIDE OF THAT
MODIFIED TROMBE WALL

e Store heat from sun (or coolness from night) over
daily or longer periods, maintaining a more
constant temperature

e Concrete, brick, stone, straw, water, etc.
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Sun Path Chart for 40° North Latitude

a0
Solar
MNoan
75 i Jurse 21 I
TAM 1 PM
May & Uuly 21
G

|
Apr. & Aug. 21

45

Altitude Angle

“East ! e South

120 105 90 5 60 45 30 15 1] 15 30 45 B 75 a0 105 120
Azimuth Angle

To use this chart for southerm latitudes, revarse horzontal axis (eastwest & AMPM)



Solar heating

* Southern exposure to
heat with winter sun

* May need covers and
Insulation to reduce
night heat loss

e Combined with
Insulation and
thermal mass to
maintain stable
temperatures across
nights and cloudy
days




Wood heating

* Less environmentally
friendly than
reputation — can
pollute indoor and
regional air, lead to
deforestation where
population densities
are high

* Use efficient
fireplace designs
only when necessary



Solar cooling

* Advantage over heating Is that there’s
normally plenty of sunlight to work with!

* But heat generated by people and
appliances works against you — just
bringing the inside temperature down to
the outside temperature can be hard
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EX FUUNTNN BASEMENT

WO RINDS OF CODLING aperate in e passive sysbem shown
in this seetion, In seoxible cowling beal Loss from the airresolts ina de-
creased alr temperatore bul oo change in Uie waleroesgor condenl of
the 8ir, Air in the upper part of a wind tower 15 sensibly conled, Wien
wuber is intraducmt inte o sysfem, cvaporsfive cooling, ocenrs, Such
cenling fivalves a chawge i both the waler=vapor coolend wnd the
lemperatore of the gin, When vosuturated air comes in contact with
walet, &nune of the woler is pvugeraleal, This progess is diven Dy boml
Erwm the air, 50 thal the temiperature of the aly bsdecreased as I8 wrater-
vapur candend is ineresed, A wind-lower system that cools air evap-

X

wratively ay well ws sensibly is pnrficularly offective. In most, wind
tovers watet [ the grouwnd seedss thieough te U ingdle of (he bise-
rmoemd wnll ok (b tewer, se 1bat wir passioe aver the wall s evaporative-
1¥ crslesl. Fug pangtive conbimg plays s even larger part io the systen
shown here, The wind tower k& placed sonce S0 meters From (he buaild-
iug v 3y cunmecied L it by o lunnel. Wheo fhe trees, shrubs apd grass «
in the groend aver the tunnel are watered, woler seeps throogh (ke
suil and keeps the inside surfaces of the tunnel walls danup, This al
Firimune (i Lawet B3 evagrolively conbiel 1 4 passes throsgh the lunncl,
Faool aud fountain in the basen ent of the buildlng Turther cond tle gir

Mehdi N Bahadori, Passive cooling systems in
lranian architecture, Scientific American (1978)

d chimneys

e Send cool,

moist air from
underground
INto house

Driven by
convection
(hot air
exhausts
from roof),
perhaps
assisted by
fan
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. Evaporation

naded roofs

' For humid conditions, can indirectly cool ambient air
via heat exchanger instead of direct spray cooling to

~ avoid adding more humidity



Shading

~ « Deciduous trees shade buildings during
warm season, let sun in during cold
season

* Window awnings and adjustable covers
or louvers (preferably placed outside)



Active solar chilling

e
Codling Tower
E Typical Connection
(G| Femperature = |
TR0 h
= |C ol Water Line 3 -
— | Hot water ling :_i
-—| Data Line p—
[5] Gate Vaive @ &
£ - Contral ]
T ' —® ®
é | ,
T L |
=] e @ L : et
Sto
Supply from sclar panels " “;2: P &0 w‘!ﬂ-:ltll:rﬁ'ptlm__
5 a5°C BO'C e
% = i | ' S S
—_—1 -
Return from solar panels @ @
_%‘Thk & &
Drain E.,m il ;
water ;
=

Chilled water storage

Chilled water Chilled water
retum header supply header

eat from solar collectors evaporates a
igerant and drives a cooling cycle; this can
make ice for refrigeration and for later



Putting the parts together

" o Nee:c'f'{':-'éig'éab}'e'rience and/or computer simulation
(e.09. EnergyPlus) to optimize design for all year
round

_* Cold climates: maximize solar gain (S
exposure), super-insulation

* Desert climates: limit solar gain, high thermal
mass, evaporative and convective cooling, take
advantage of night cooling

* Tropical climates: either high insulation with air
conditioning, or light construction for constant
ventilation with shade and moisture



Lighting

» Daylighting thru windows, skylights, light tubes can
reduce light requirements by ~50%, make
occupants happier

e Exergy efficiency of artificial light (compared to
~ |deal of ~300 lumens white light per W):

— Candles 0.05%

ncandescents: 4%
—luorescents: 20%

_EDs: 25% (current), 75% (ideal) — good for low-
wattage applications



ess need for heating, more need for
ooling (esp. for office buildings)
because of internal heat generation

* Can take advantage of faster wind at
height and convective circulation for
ventilation (operable windows are good)



Multi-tenant buildings

* Tenants may not pay for some utilities
and so have no incentive to conserve,
where tenants do pay, they may not be
able to make changes in building layout

* ‘Green leases’ where landlords are
responsible for utility bills but require
tenants to follow operating procedures
can help (esp. for commercial buildings)

e Stringent building standards are also
heeded



Retrofits

e Less effective than
iIntegrated new
building, but also
much less
expensive —
Insulation, new
HVAC controls, ...

* Creates jobs
quickly — local
Incentives like
rebates common

* Likely to grow as
energy costs
Increase




NYC policies

* LL 84 (2009): requires large buildings to report
_ exergy and water use annually; LL 33 (2018):
energy efficiency score must be displayed

* LL 97 (2019): limit the exergy consumption and
GHG emissions of large buildings starting 2024
requires annual reports

e LL 92 + 94 (2019): all new buildings must have
green or solar roofs

* LL 154 (2021): phase out fossil fuel combustion in
new buildings



Current building standards

e Code requwements are all woefully short of the
~ technically feasible, though some are better than
others

* CalGreen: reduces water consumption by 20%,

. reduce building energy consumption by 15%
(compared with current CA code), requires
recycling of 50% of construction waste

— Allows either a perscriptive or a performance
approach for energy efficiency

- Some provisions adopted by International Code
Councill (International Energy Conservation
Code)

— Most states lag years behind
* Nationally: DOE model code, mortgage incentives



Green building and LEED

. US Green Building Council scoring system,
popular and adapted internationally

» Allows broad choice from a menu of
*environmentally friendly” procedures to earn
points, beyond a low minimum standard

~ * Possible to get high LEED rating without being
very energy-efficient — there’s an incentive to do
So If other options are cheaper

* Rating is based on specifications, without
monitoring actual performance (viewed as not the
contractor’s problem)

» Specific energy efficiency indices like HERS are
more reliable



The Passivhaus standard

Developedm1990s Germany, 10s of thousands of buildings
in Europe, reached US
Careful construction to prevent pathways for air leakage or

heat transfer in the envelope (which could also cause
condensation and mold); mechanical ventilation needed

~_since building is airtight

A performance-based standard. Requires 85% less energy
for heating than buildings meeting current US codes, ~60%
less for HYAC+hot water (per unit area); intended to support
goal of “2-kW society”

— Cf. zero-heating buildings, using quadruple-pane
windows

Remaining energy requirement can be met with small PV,
ground-source heat pump, etc., with no conventional heater
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haus grows in Brooklyn

47 CLOSED CELL PU FOAM

2X3 FURRING 3° DISTANCE TO WALL
34T PLYWOOD WINDOW BOX

FIBERGLASS WINDOW

AIR-BARRIER TAPE

FIBERBOARD
SUB-FLODRIMNG
WITH EDGES TAPED

AlR-BARRIER (RED)




fe .--.-eqU|res buildings to use only on- -site solar energy
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