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CEE 370

!’_ Environmental Engineering

Lecture #10

Energy Balances
Reading: Mihelcic & Zimmerman, Section 4.2 & 4.3

Davis & Masten, Chapter 4
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i Conservation of Energy
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Energy Cannot Be Created or Destroyed
(I just changes forms)

Generic: KNO; + C+ S — K* + {S, SO,, SO, 2} + {CO,, CO52} + N,
A specific example: 10KNO5; + 8C + 3S = 2K,C05 + 3K,50, + 6C0, + 5N,
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i Energy Balance

= First law of thermodynamics
= Energy can be neither created nor
destroyed
= But the form can certainly change
= Thermal Epergy SE - Mo T
= Characterized by = McC,

= Temperature (T) and
= Specific heat capacity (c,)
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i Heat Transfer

= Conduction

= Transfer of
energy without
mass flux

Intor face

= Convection

= Energy is carried
by molecules in
bulk motion
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Energy Balances

Boiler
(furnace)

Turbine

Transmission

Generator
Transformer

Condenser

Condenser Cooling Water
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Common Forms of Energy

Some Commeon Forms of Energy

Representation for Energy or Change in Energy
Heat internal energy AE = mass x ¢ x AT
Chemical internal energy | AE = AH,, at constant volume

Gravitational potential AE = mass x A height

il mass x (velocity)’
Kinetic energy E= i e

Electromagnetic energy E = Planck’s constant x photon frequency

SCURCE: Mihelcic [1999). Reprinted with permission of John Wiley & Sons, Inc.
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i Energy Balance

= Much like material balances

(Change in internal plus external energy per unit time) =
(energy flux in) — (energy flux out)

dE

E = Ein — Eout
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i Example 4.9

= Heating Water: Scenario 1
= 40 gal capacity, cold water is 10C
= 5 kW is max heating rate

“a Flow is 2 gal/min
= Assume 100% efficiency & steady

state
I dE —

limit switch E - 0 = Em - EO'LLt

0= (mH20CTin + SkW) - (mHZOCTout)
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i Example 4.9 cont

0= (mHZOCTin + SkW) — (mHZOCTout)
0 =mpy,oc(Tin, —Toy) + 5kW 4= Note error in book

= Note that c=4184]/kg°C and 1W=1]/s

2 gal Hy0 4184] 5000/
0=—"—"x kg—oC(Tin —Toue) + —

J J
- 4__ 2 (T.. — 5_7
0= 3.16x10* ——— (Typ ~Tour) +3.00x105 ——

(T T )—3'OOX105°C—95°C
in—tout/ T3 16x10% T

If T, is 10°C, then T, is 19.5°C
~67°F
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i Example 4.10

= How long should you wait to get a
temperature of 54°C (~129°F)?
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EARTH'S ENERGY BUDGET

solar energy
100%

Absorbed by

"
n

Absorbed by land
and oceans 51%
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Reflectad by Reflected  Reflected from
atmosphere by clouds  earth's surface
&% 2086 4% 649 6%
Incoming Radiated to space

from ¢louds and
atmosphere

Absorbed by
atm ocsphere 16%

Radiated
directly
to space

from earth

Radiation
absorbed by
atmosphere
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i GHG Effect

« What are greenhouse gases?
« What are affects of GHGs?
* Are GHGs bad?
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Solar radiation eff n E:
passi ugh surface and the lower atmosphere,

MMOSpheye

Most radiation is absorbed e
by Earth's surface Infrared radiation
and warms it i

Earth's surface.
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*Solar Radiation & Climate Change

Figure / 413 Function of Glazing Shorwavaradisfionion
Materials ~ Glazing materials allow sun passes through the
shortwave radiation from the sun to glazing and is absorbed by
pass through the glazing, but reflected surfaces

longwave radiation cannot pass through
the glazing. This is similar to the
greenhouse gases that trap solar
radiation and lead to climate change.
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Global Average CO2
Concentration Trend

Why?
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Climate Change Scenarios

Temperature Change and Sea Level Rise Resulhng from Varlous Future Scenarios  Scenarios include economic
and population growih, material and energy efficiency pment, and plion patierns for 2090-2099.
Scenario Temperature Change | Sea Level Rise
(°C at 2090-2099 | (mat2090-2099 relative
reative to 1980-1999) 0 1980-1999)
Best | Likely ! Model-Based
Estimate Range Range"
B1: rapid economic growth toward a service and information 18 1129 0.18-0.38
cconomy; population peaks in midcentury and then declines;
reductions in material intensity; clean /resource-efficient
technologies; global solutions to sustainability, including
improved equity
AIT: rapid economic growth; population peaks in 2.4 14-38 0.20-0.45
midcentury and then declines; rapid introduction of new and
efficient technologies; convergence among regions; nonfossil-
fuel energy sources
B2: local solutions to sustainability; continuously increasing 24 14-38 0.20-0.43
population; intermediate levels of economic development;
less rapid and more diverse technological change
same as A1T except balance between fossil and 28 1.7-4.4 | 0.21-048
fossil fucl energy sources, |
A2: self-reliance and preservation of local identities; 3.4 | 2054 0.23-0.51
c sly increasing population; economic
that is primarily regionally oriented; slow and fragmented
per capita economic growth and technological change
| ATFL same as A1T except fossil-intensive energy sources 4.0 24-6.4 0.26-0.59

“Excluding future rapid dynamic changes in ice flow in the large glacial regions of Greenland and Anfarclica. Based on IPCC (2007a).
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WATER

Increased water availability in molst tropics and high 1atitudes s s mm s mm o w i o on o s e e st ]
Decreasing water availability and increasing drought in mid-latitudes and semi-arid fow [afitudes me me = offie|

Hundreds of millions of people exposed 10 inCreased WALer Stress mm mm mm m m o o o i s o i e ]

ECOsYSTEMS

Up 10 30% 0 4peies 3. e Signifcant etincions -
increasing risk of extinction around the globe

Increased coral bleaching === Most corals bleached == Widespread coral mortality s e s s m s s son som o ]

Tertestial biosphere tends toward a netcarban source a5
15%h s ~400% Of eCOSYStOmS affected = = = = =

Increasing species range shifts and wildiire isk

Ecosyster to ing of -]

overtarning e

Foop

Complex, localized negative impacts on small holders, subsistence farmers,and fishers me e me e e e e e -

Tendencies for cereal productivity Productlvity of all cereals m m —jpm|
to decrease in low latitudes decreases in low latitudes

Cereal productivity to
decrease in some regions

toincrease at mid- to high laritudes

CoasTS

Increased damage from (10005 AN STOTMS mn == = == o . st o o o ot o o o o o o e e e ]
‘About 30% of
910al COastal mn m o e o e
wetlands lost
Millions more people Could eXPerience m m m w m wm m e mapie]
coastal flooding each year

HEALTH

Increasing burden from

1 2 3
Global mean annual temperature change relative to 1980-1999 (°C)

Figure / 4.15 Illustrative examples of global impacts projected for climate changes (and sea
level and atmospheric carbon dioxide where relevant) associated with different amounts of
increase in global average surface temperature in the 21st century. The black lines link
impacts and dotted arrows indicate impacts continuing with increasing temperature. Entries are
placed so that the left-hand side of the text indicates the approximate onset of a given impact.
Quantitative entries for water stress and flooding represent the additional impacts of climate
change relative to the conditions projected across the range of Special Report on Emissions
Scenarios (SRES) scenarios A1FI, A2, B1, and B2 (see Endbox 3).

{Adapiation to climale change is not included in the Confidence levels for all satements are high with permission of
Inergoveramenial Pane on Climala Change: Impacts, Adapiotion, and Vulnerabily, Sommory for Policymokers, Table SPM.2, 2007),
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Rural vs. Urban Temperatures

In the daytime, solar radiation is
absorbed and retained by concrete
buildings. The large heat capacity of

f buildings slows down the temperature

In the ‘dawi me, incoming solar v rise in response to solar radiation.
radiation evaporates water from i .-
vegetation and soil. / 'y 4

At night, concrete
buildings release
heat but high-rise
buildings inhibit the
transfer of heat to

higher atmosphere.

I\ y
At night, heat is
released more easily

to higher atmosphere
in the open rural area.

Heat release at night

Incoming solar radiation heat in the daytime
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Heat Distribution in Different

* Areas

¥ © Why?
) = -
90 7 X I 32
88 7 X 7 31

Temperature
[os)
©

Rural Commercial Urban Suburban

Residential Residential
Suburban Downtown Park
Residential
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Urban Shallow Layer Ener

Balance

J:?;g‘ﬁ%‘
==

AQ

Surface

Figure / 418 Energy Balance Written for a Shallow Layer at the Urban Land Surface This

layer contains air and surface elements that make up the built environment. Q" is the net

radiation, Qy; is the sensible heat flux, Qy: is the latent heat flux, Qg is the ground heat flux, Qa is
the anthropogenic heat discharge, and AQs is the energy stored or withdrawn from the layer.
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Energy Balance Term

Net shortwave
and longwave
radiation, Q°

Heat added by
humans (Qyu,

Sensible heat flux, Qpy |

Latent heat flux, Qs

Increased storage
of heat

Feature of an Urban

That Alters the |

Features of Urban Environment Related to Terms in the Heat Island Energy Balance Designing and
modifying an urban environment to modify climate processes requires an understanding of this balance.

That Reduce

Energy Balance Term

Canyon geometry of the
street and building

Emission of waste heat
from buildings, factories,
and vehicles

Types of engineering
materials

| Types of engineering
| materials and storm

water management

Different abilities to store
heat in different types of
construction materials

| Intensity of Urban Heat Island

Canyon geometry influences the way shortwave radiation
enters and is absorbed by the built environment and the way
longwave radiation is reflected out of the urban canopy.

Though this is a small term in the overall energy balance,
buildings can be designed to reduce the need for mechanical
cooling, Cities can be planned so they are dependent on
mechanical engines to move people and goods:

Increasing the surface albedo of paints and roofing materials
will limit the surface-air sensible heat flux. Albedo is a measure
of the amount of solar encrgy reflected by the surface.

Narrow
de

anyon geometry can result in reduced air flow, which
s the effect of Q.

The latent heat flux out of the tem is the result of water
evaporation. The energy is carried out in the form of water
vapor (in the form of the higher energy in the water molecules
in the vapor form). The heat is taken from the vegetation or
water. This is the same process as sweat, where one’s hody is
cooled with the heat going away in the form of latent heat.

Impervious and nonvegetated surfaces hinder evaporative
cooling (unless water is sprinkled on them). Low-impact
development recognizes that leaving some standing water on
the surface is not bad and vegetation such as green roofs and
trees is an important feature of the urban built environment.

The thermal conductivity of asphalt and conerete are similar
(194 versus 2.1 J/m”® — K, respectively). The thermal admittance
of asphalt and concrete results in increased storage of heat.

Urban surfaces heat up faster than natural and impervious
surfaces that retain water.

Built-environment materials have a high ability to store and
release heat. Paved surfaces are thick and in contact with an
underlying ground surface. Buildings, though, have a thinner
skin that separates indoor and outdoor air.

Surfaces with higher albedo will reduce the stored heat.

SOURCE: Bosed on Mills [2004)
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Comparison of the American

Home

Then and Now: Increasing Size of the American Home

Then |
Average number of occupants 3.67 in 1940

Average size of home

100 m* (1,100 £%) in the 1940s and
1950s
Garage 48% of single-family homes had a
garage for 2 or more cars in 1967 t
Air-conditioning | 46% of new homes had central air- |

| conditioning in 1975 |

Now

2.62 in 2002

217 m” (2,340 ft*) in 2002

82% of homes had a garage for 2
or more cars in 2002

87% of new homes had air-
conditioning in 2002
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Energy Use for Small vs. Large

waMEETE 0 I—

‘ Comparative Annual Energy Use for Small versus Large Houses R faclor is a measure of resistance fo heat Flow.
| R-19 is comparable to RSI-3.3 in the mefric system
Relative Energy Heating Coaoling Heating Cooling

House Location Standard® (million Btu) (million Btu) Cost ($)” Cost (S)°
3,000 ft* Boston, MA Good 73 19 45 190
3,000 sq. ft : St. Louis, MO Good 61 29 378 294

| 1,500 f2 Boston, MA Good 35 13 217 131
1,500 i St. Louis, MO Good 29 20 181 198
1,500 ft? Boston, MA Poor 48 12 297 124
1,500 ft* St. Louis, MO Poor 40 21 247 206
1,500 £ Northern U.S. High 27! o 240 0

E Good* meor subledow-e vinyl windows, R-4 4 doors, R-6 insulation in air ducts, and infiliration of

m
nol 0.20¢

S walls, R-50 ir
C + 100,000 Biu.

7 million usable Blu per cord

icol cooling
om Wilson and Boshlond (2005). With permission of Wiley-Blackwell

CEE 370 L#10

35 vinyl windows, B2 1 doars, and infliration of 0.50 air change per hour for

le-low-a vinyl windows, R-14 doors, and

cool air oblained during the night, and siralegic placement of windows, tree shading, and use of porch
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Sustainable Design for

a) Thermal walls for heat
transfer and dissipation
b) Ventilation systems for

Temperature Regulation

=
<fsoun); vhg
L

e §
NN [’ L‘A\‘//\/ VAVA }/\/\ vave
nsulation

natural heating =
c) Ventilation systems for ..,
natural cooling YA ey,
d) Overhangs to regulate s
effects from sun T{ B
1 ‘A\ amcin \7
e e
& P ‘
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= 10 next lecture
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