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Today’s topics 

•  Review of fundamentals from prerequisite courses 
–  Including energy concepts and unit conversions 

•  Assign HW #1 
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Building energy use 

•  How do we utilize energy in buildings? 

•  We burn some fuels directly 
–  Natural gas, oil 

•  We burn other fuels to generate electricity 
–  Electric conversion efficiency is not 100% 
–  There are also distribution and transmission losses 

•  Great resource: The Building Energy Data Book 
–  http://buildingsdatabook.eren.doe.gov/ 
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How much energy does the US use? 

4 http://www.theatlantic.com/video/archive/2013/08/how-much-energy-does-the-us-use/278324/ 



How do we use energy at home? 

5 http://www.theatlantic.com/video/archive/2013/08/how-do-we-use-energy-at-home/278439/ 



US building energy consumption (by fuel) 
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Where do we get our electricity? 

7 
http://buildingsdatabook.eren.doe.gov/ChapterIntro6.aspx?6 
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How does Illinois get its electricity? 

8 
http://www.getenergyactive.org/fuel/state.htm 



Conversion efficiency for electric generators 
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Natural gas used directly in buildings is typically 80 - 90% efficient or more 

http://www.eia.gov/tools/faqs/faq.cfm?id=107&t=3 

1st law of thermodynamics: Energy can be transformed 
from one form to another, but cannot be created or destroyed 

•  What is a typical electric power plant efficiency? 30 - 45% 



Building boundary and energy flows 
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How do buildings use energy? 
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Building energy use: Heating 
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•  Outdoor environmental conditions 
•  Indoor environmental conditions  
•  Human thermal comfort 
•  Heat gains/losses 
•  Heating equipment and fuel 
•  Fluid distribution systems 

What do we need to know to understand how buildings heat? 



Building energy use: Cooling 
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•  Outdoor environmental conditions 
•  Indoor environmental conditions  
•  Human thermal comfort 
•  Heat gains/losses (dynamic) 
•  Cooling equipment and fuel 
•  Fluid distribution systems 

What do we need to know to understand how buildings cool? 



Building energy use: Lighting 
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•  Outdoor light conditions 
•  Indoor light conditions 
•  Window properties  
•  Human preferences/activities 
•  Lighting types 

What do we need to know to understand lighting? 



Building energy use: Ventilation 
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•  Outdoor environmental conditions 
•  Indoor environmental conditions  
•  Indoor air quality 
•  Ventilation equipment 
•  Heat gains/losses 
•  HVAC equipment and fuels 

What do we need to know to understand ventilation? 



Understanding building energy use 
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Starts with understanding building properties 
related to heat and mass transfer 



Understanding building energy-related properties 
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Starts with understanding building properties 
related to heat and mass transfer 



Understanding building energy-related properties 
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Understanding building energy-related properties 
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Understanding building energy use: Electricity profiles 

20 
Parker 2003 Energy and Buildings 35:863-876 

Example from homes in central Florida 

Which profiles reflect summer and winter? 



Understanding building energy use: Electricity profiles 

21 
Parker 2003 Energy and Buildings 35:863-876 
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Understanding building energy use: Electricity profiles 

22 
Parker 2003 Energy and Buildings 35:863-876 
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Understanding building energy use: Electricity profiles 

23 
Perez et al. 2014 Energy and Building 81:316-325 

Another example from homes in Texas 



REVIEW OF PREREQUISITES 
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Review of prerequisite topics 

•  CAE 208: Thermal-fluids engineering 1 
–  Basic laws of thermodynamics 
–  Energy and mass flows 
–  Introduction to fluid mechanics 

•  CAE 209: Thermal-fluids engineering 2 
–  Finish fluid mechanics 
–  Heat and mass transfer analysis 
–  Energy and momentum equations 
–  Convection, conduction, and radiation 
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Building science units and dimensions 

•  Within architectural engineering, both SI and IP 
(inch-pound) units are used 
–  I am deeply sorry for that 

•  IP is dominant in US engineering  
–  (But changing slowly) 

•  We will use both in this class 
–  So it will be useful to memorize the most commonly used 

constants and conversion factors between both units 
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Building science units and dimensions 

•  Lengths are usually in feet [ft] or meters [m] 
•  Volumes are usually in cubic feet [ft3] or cubic meters [m3] 
•  Volumetric flow rates are usually in [ft3/min] (CFM) 

–  Sometimes [m3/hr], [m3/s], [L/s] 
–  Water flows are often [L/min] (lpm) or [gal/min] (gpm) 

•  Temperatures are either Fahrenheit [°F] or Celsius [°C]  
–  Sometimes Kelvin [K] 
–  Rarely Rankine [R] 

•  Velocities are either [ft/s], [m/s], or sometimes [cm/s] 
•  Concentrations are parts per million [ppm], parts per billion 

[ppb], or micrograms per cubic meter [µg/m3] 
•  Mass is typically [lbm] or [kg] 
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More building science units 

•  Energy is usually in [J] or [Btu] 
–  Or [kWh] (for electric) or [therms] (for natural gas) 

•  1 kWh = 3412 Btu 
•  1 therm = 105 Btu 

–  Or [MMBTU] = “million BTU” = 106 BTU 

•  Power is usually [W = J/s] or [Btu/hr] 
–  Tons of refrigeration [1 ton = 12000 Btu/hr = 3412 W] 

•  Pressure is usually [Pa] or [in-wg or in w.c.] (inches of water) 
–  Larger pressures are also [in-Hg] (inches of mercury) 

•  Or [psi] (pounds per square inch) 
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Some very important definitions 

Energy 
•  Energy is the capacity of a system to do work 

–  We use this term a lot 
–  Primary units: Joules, kWh or Btu (or MMBTU) 

•  Different forms of energy: 
–  Thermal, radiative, solar, nuclear, geothermal, hydrocarbon 
–  Energy efficiency 

•  Energy that is utilized versus energy that is not utilized 
–  Embodied or embedded energy 

•  The energy required to extract resources, manufacture, and transport a 
product 

•  Energy use depends on the rate of energy use and the time/
duration of operation 
–  Rate of energy use = Power 
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Power 

•  Power is the rate at which energy is produced or consumed 
–  Units are energy per time 
–  IP: Btu per hour (Btu/hr) or kBTU per hour (1000 BTU/hr) 
–  SI: Watt (W = J/s) or kilowatt (kW = kJ/s) or megawatt (MW = MJ/s) 

•  Be careful when using units associated with energy and 
power 
–  People often confuse these 

•  Example: Batteries don’t store power; they store energy 
–  They release that energy (Watt-hours) at a rate determined by the 

equipment’s power draw (Watts, or amperage) 
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Importance of units 

•  Units are EVERYTHING in architectural engineering 

•  Your first HW (assigned today) will cover unit conversions 
and energy concepts 

•  If you can understand and convert units, and if you can get a 
sense of scale and magnitude associated with units, you will 
be well on your way to becoming a building scientist 
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Energy and units 

32 

As we heard earlier, the US uses about 100 Quads of energy per year 

Q1: What is the US annual energy consumption in SI units? 
Q2: What is the average power draw per person in the US? 



Unit conversion examples 

Unit conversion example problem: 
•  Water of density ρ = 1000 kg/m3 (62.44 lbm/ft3) flows at a 

rate of V = 10 gal/min (0.6308×10-3 m3/s) through a pipe of 
interior diameter D = 1.0 inches (2.54 cm) 

•  Find the velocity pressure, given by the formula: 

•  Provide answer in units of [Pa] and [in-WG] 
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P = ρv
2

2



Unit conversion examples 

Order of magnitude example problem: 
•  How long would you have to operate a 60 W light bulb 

immersed in a bathtub to warm up the water by 1 degree C 
(1.8 degree F), assuming there are no losses?  
–  Do not try this at home 

•  From what height would you have to jump into the same 
bathtub to warm up the water the same amount, assuming 
that all of the kinetic energy from the jump goes into heating 
the water (again, there are no losses)? 
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Designing for energy efficiency 

•  We strive for energy efficiency in building science 

•  Energy and economic analysis early in the design stage can 
optimize balances between first costs and operating costs 

•  First costs 
–  Equipment size, capacity, and efficiency 
–  Building and system design parameters 

•  Operating costs 
–  Built-in equipment 
–  Operational characteristics 
–  Human beings 
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Designing for energy efficiency: Payback periods 

•  Making a design choice is easy when Option A has a lower 
first cost (purchase + installation) AND costs less to operate 
than Option B 
–  But the decision is usually more complicated 

•  Suppose model A costs $600 and draws electricity at an 
average rate of 150 W 

•  Model B costs $700 and draws only 100 W 
•  If the cost of electricity is 10 cents per kWh and we assume 

these two pieces of equipment operation 24/7 (8760 hrs/yr): 
–  What are the annual savings due to Model B? 

–  Is it worth the additional cost for Model B? 
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Designing for energy efficiency: Payback periods 

•  Payback period = ($ investment) / ($ annual savings) 

General rules of thumb: 
•  If a payback period is less than 1/3 of the estimated lifetime 

of the investment, it is a very profitable investment 

•  If a payback period is less than ½ of the estimated lifetime of 
the investment, it is considered a profitable investment 

Alternate measure: Rate of return 
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MOVING FORWARD 
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HW #1 due next week 

•  HW 1 is now available on blackboard 

•  Due Thursday September 4 
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Next time 

•  Heat transfer in buildings 
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