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Last time and today

Last time:

 Demonstrated BEopt and EnergyPlus for load calculations
and energy simulation

Today:

 Hand back HW 5

« HW 6 due today (will accept until Tuesday Nov 26)
« Energy efficient building design



BUILDING ENERGY USE DATA



Energy use intensity (EUI)

Energy use intensity (EUIl) = energy use per floor area
— KBTU/ft2 (MJ/m?2)

Annual Building Energy Use

(kBtus or MJ)
= EHI

Building Area

(ft? or m?)

Can be calculated on a source (primary) or site (secondary)
energy basis

Has EUIl been increasing or decreasing in the U.S.?



Energy use intensity (EUI)
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Energy use intensity (EUI) — by building size/vintage
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Energy use intensity (EUI) — by building type

Market Sector $
Banking/Financial
Services

Banking/Financial
Services

Education
Education

Education

Education

Public Assembly

Public Assembly

Public Assembly
Public Assembly

Food Sales &
Service

Food Sales &
Service

Food Sales &

Service

Food Sales &

Service
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https://www.energystar.gov/buildings/facility-owners-and-managers/existing-buildings/use-portfolio-manager/understand-metrics/what-energy

Energy use intensity (EUI) — Chicago

ciyorcricaso | I

$02017-7060
Office of the City Clerk

Document Tracking Sheet

Meeting Date: 10/11/2017
Sponsor(s): Emanuel (Mayor)
Type: Ordinance

Title: Amendment of Municipal'Code Chapter 18-14 regarding
/ energy benchmarking and implementation of energy
performance rating system

C H I CAG O Comrﬁittee(s) Assignment: Committee on Zoning, Landmarks and Building Standards

https://www.chicago.gov/city/en/depts/mayor/su info/chicago-energy-
benchmarking/Chicago Ener Benchmarking Reports Data.html



https://www.chicago.gov/city/en/depts/mayor/supp_info/chicago-energy-benchmarking/Chicago_Energy_Benchmarking_Reports_Data.html

Energy use intensity (EUI) — Chicago
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Under Chicago Energy Benchmarking,

88% of large buildings reported energy
use in 2018, up from 85% in 2017.

https://www.chicago.gov/content/dam/city/progs/env/EnergyBenchmark/2018 Chicago Energy Benchmarking%20Report.pdf



https://www.chicago.gov/content/dam/city/progs/env/EnergyBenchmark/2018_Chicago_Energy_Benchmarking%20Report.pdf

Energy use intensity (EUI) — Chicago
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Download the data directly:

https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-2017-Data-Reported-in-/j2ev-2azp

https://www.chicago.gov/content/dam/city/progs/env/EnergyBenchmark/2018 Chicago Energy Benchmarking%20Report.pdf



https://www.chicago.gov/content/dam/city/progs/env/EnergyBenchmark/2018_Chicago_Energy_Benchmarking%20Report.pdf
https://data.cityofchicago.org/Environment-Sustainable-Development/Chicago-Energy-Benchmarking-2017-Data-Reported-in-/j2ev-2azp

Energy use intensity (EUI) — Chicago

Figure 10: Median Source EUI from 2015 — 2018 s
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https://www.chicago.gov/content/dam/city/progs/env/EnergyBenchmark/2018_Chicago_Energy_Benchmarking%20Report.pdf

Energy use intensity (EUI) — Chicago

Figure 8: Energy Reductions for Properties Benchmarking for Three or More Years Consecutively
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DESIGNING FOR EFFICIENCY



Designing for efficiency

We can’t change outdoor conditions (e.g., temperature, solar
radiation, or HDD and CDD)

— So what can we do to reduce energy consumption?

Reduce UA (including infiltration contribution, pCpV)
Increase COP/efficiency of equipment

Reduce internal loads and electrical power draws
Change thermostat settings (affects thermal comfort)
Utilize passive solar and thermal mass to shift loads

The earlier in the design phase that we do this, the better



Parametric changes early in design phase

We can make changes to the envelope (UA), ..

Reference

Add roof insulation

Add HX

Low-U glazing

Add wall insulation

K o (W/K)
S0 100 150 200 250
e | ! 1
| 1
-3
)
: tqi B Roof
s : B Walls
[] Glazing
L] Air
o
! !
948 189.5 284.3 379.0 4738

K . [Br/(h-"F)]

15



Parametric changes early in design phase

« We can estimate impact of changes to the envelope (U4),,,,,

(4_))“ | (:;\I :'
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Reference

Add roof insulation

Add HX

t
|
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|

Heating energy use

Low-U glazing

Add wall insulation

! lT | i | % I % i
0 474 948 142 19 237 284 332 379 427 474
Q, (MBtu)
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140

Parametric changes early in design phase

* We can adjust window areas, shading, and U-values, but
they may have competing effects on heating/cooling energy

L.

Area of primary window (m?)
(south-facing)

Heating

SC

% - 1.0
- % -1.0
—x--1.0
—x—1.0
-0-0.7
-0-07
—0--0.7
—a—0.7
--¢-04
— o -04
—e-04
—e—04

U
Wi/(m? - K)
[Brw/th - 112 °F)]
5.713 (1.006)
2.675 (0.471)
1.715 (0.302)
0.534 (0.094)
5.713 (1.006)
2.675 (0.471)
1.715 (0.302)
0.534 (0.094)
5.713 (1.006)
2.675 (0.471)
1.715 (0.302)
0.534 (0.094)

Q(G))
20

() LN B B |

Area of primary window (m?)

(south-facing)

Cooling

25
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Parametric changes early in design phase

« We can change HVAC types (example in an office)

90
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GUING DOWN

- == Paths toward lower energy buildings

uads of pri
use by 2030 (thousands)

 Efficient building systems
— Mechanical systems
— Mechanical driving forces
— Controls and equipment

Passive building design
— Natural systems

— Natural driving forces

— Form and materials

“Energy demand in U.S. buildings could be cut by up to
80% through investment and marketing”

19

Farese 2012 How to build a low-energy future Nature 488:275-277



Energy efficiency is actually inexpensive

B Residential

Lighting

Programmable thermostats

Average cost for
end-use energy
savings Energy management for
Dollars per MMBTU waste heat recovery
24 r Pulp & paper processes
21 New building shell
lew building she
20 | ng
18 L Waste heat recovery
16 Energy management for
14 L energy-intensive processes
12 E
nergy management for

10 + non-energy-intensive processes

8 I Chemical processes

6 L Noncommercial

electrical devices

4 I Refrigerators

2

0 1

Computers

Non-PC office
equipment

Electrical devices

Cement

Community infrastructure —

Energy management for

iUl

Non-energy intensive processes
In large establishments

Basement insul.

ing
Retro-
commissioning

Cooking
appliances

- Commercial E] Industrial

Non-energy intensive processes
in medium establishments

——— Steam systems
Attic insulation

— Iron & steel processes

Freezers™

— Clothes washers
— Building utilities
Heatj

me HVAC
aintenance

Water heaters

13.80" <

0 2,500

processes

Electric motors

support systems
Home A/C

3,000

3,500

4,000

4500 5,000 5500 6,000

Non-energy intensive processes
in small establishments

$520 billion in investment
- $1.2 trillion in savings through 2020

McKinsey & Company, 2009 Unlocking energy efficiency in the US economy

6,500

Add wall sheathing

Refrigeration
Boiler pipe insulation

CVentilation systems

Dishwashers

Building A/
Wall insulation,




Energy savings in commercial buildings: Example

« Empire State Building

- NeW YO rk, NY Performance Year 2 M&V Report

° |mp|emented 5 energy March 1, 2013 Rev.1 (August 15, 2013)
conservation measures
(ECMs) in 2011

— Window retrofit

— Radiator insulation and
steam traps

— Building automation system
— Chiller retrofit

— Tenant energy
management
* Collected data and
compared modeled
savings versus measured

Empire State Building

Johnson 71)1('

Controls




ECMs in the Empire State Building

Window retrofits

« Upgraded over 6500 double-hung
iInsulated glazing units

22



ECMs in the Empire State Building

Existing Windows in the SeriousGlass™ Technology
Empire State Building

SR High Performance Low-E Glass

Inert Gos

Duel Clear Glass

Steel Spocer

Original windows: New windows (krypton + argon):
« U-value = 0.58 Btu/h-ft>-°F U-value = 0.37 Btu/h-ft>-°F on north wall
« SHGC =0.65 and 0.38 on S-E-W walls

« SHGC =0.45 on north wall and 0.33 on
S-E-W walls



ECMs in the Empire State Building

Radiator system

 Added insulated reflective
barriers behind radiator units
and in front of walls on the
perimeter of the building

« QOriginal insulation:
— U-value = 0.21 Btu/h-ft?-°F

 New insulation:
— U-value = 0.12 Btu/h-ft2-°F

* Also upgraded control system
and added “steam traps”

Steam
Condensate

24



ECMs in the Empire State Building




ECMs in the Empire State Building

Building automation system
(BAS)

Reduced overall outdoor air

intake by using “demand

controlled ventilation” (DCV) and

modulating dampers _— i

— Uses CO, to measure occupancy L -'i:'"' ot
exhavstair - '»\—Reu‘c I:re: ) 20% design
205 cfn—‘ . ™ OCCUFL 1CYy
« Original BAS: o
— No controls, OA = from 0.25 cfm/ft2 il ecspanty
« New BAS: g - = PR
— Keep OA low until CO, in return air e = g | 2ok desior
= 800 ppm and better controls for ' g T
OA economizer SR D = e
we'n "

— New OA = from 0.12 cfm/ft?

LS
TR
=
-
_=



Damper Position, (%)

ECMs in the Empire State Building

AHU 52.5 OA Damper % Vs CO, Level

120%

% OA Damper % :

100% g

I

4 ¢ . '

. . oqe !

cose Outside AirDamper Posmon\ ¢ ¢ |

T

increased when CO, level !

I

was increased>800ppm :

60% A 1

I

I

I

40% :

|

I

1

20% 4

I

I

I

0% :
0 200 400 1200

CO; (ppm)
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ECMs in the Empire State Building

Chiller plant retrofit

Replaced compressors with variable
speed drives (VSDs)

— Better part load efficiency

Replaced evaporator and condenser
tubes

— Increase UA of heat exchangers

Increased chilled water supply T and
added “reset”

— Decreases only when T, is high
Valve changes and VSD automation

Cooling tower fan switched to
automated VSD

28



ECMs in the Empire State Building

Tenant energy
management portal

« (Gave tenants a

digital dashboard I

displaying energy
use and endorsing | -
energy efficient -
practices S S —

— Lighting, thermostat | "i... — | T

.
S ettl n g S et | 2 Days (Heating) i e i Envire nmental Gata derived “ram billed Wwh
( : nnnnnnnnn
J b 600,000.00 kg €02
$32,000.0 f ) 200 400,000.00 kg €02 ‘ |
|
$15,000.0 400 ‘ | | ‘ ’
$0.0 L}
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Energy simulation to predict costs and GHG savings

EQUEST MODEL SETUP OVERVIEW

Modeling eQUEST v3.64, build 7130
Software
Model Author Quest Energy Group, LLC

1620 W Fountainhead Pkwy #303
Tempe, AZ 85282
+1 480 467 2480

Model Build

» Adetailedarchitectural modelof the building was
created based onarchive drawings, photos taken
at the site, and site inspections. Siteinspections
included verifying wall and roof constructions,
external shading, and glass types.

» Schedulesbased on building operation wereused
inthe model.

» Lightingdemand and energy (schedules) were put
intothe model based onthe lightinginformation
provided by JLL.

» Representative internal equipment loads by space

30
type (office, corridor, etc.) wereincorporated into the model.



Energy simulation to predict costs and GHG savings

15-Year NPV of package versus cumulative CO, savings

$35,000,000 A solution that balances CO,
reductions and financial
" i returns is in this range
2 NPV “Max g
= $25,000,000 /
D NPV “Mid"
E
S
@ $15,000,000 There are diminishing (and /
_g expensive) returns for
O greater efficiency . .
@
g 5 000,000 NPV “Neutral
o
@ } { - - 1 :
% 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000
= ($5.000,000)
o
@
w
g
< (§15,000,000) .
= “Max CO,
Reduction
(825,000,000)
Cumulative metric tons of CO, saved over 15 years
http://www.buildingefficiencyinitiative.org/sites/default/files/legacy/InstituteBE/media/Library/Resour 31

ces/Existing-Building-Retrofits/ESB-White-paper.pdf



http://www.buildingefficiencyinitiative.org/sites/default/files/legacy/InstituteBE/media/Library/Resources/Existing-Building-Retrofits/ESB-White-paper.pdf

Predicted costs and savings in the ESB

Project Projected 2008 Capita Incremental | EstimatedAnnual
Description Capital Cost Budget Cost Energy Savings™

Windows $4.5m $455k $410k
Radiative Barrier $2.7m $0 $2.7m $190k
DDC Controls $7.6m $2m $5.6m $741k
Demand Control Vent Inc. above $0 Inc. above $117k
Chiller Plant Retrofit $5.1m $22.4m -$17.3m $675k
VAV AHUs $47.2m $44.8m $2.4m $702k
Tenant Day/Lighting/Plugs $24.5m $16.1m $8.4m $941k
Tenant Energy Mgmt. $365k $0 $365k $396k
Power Generation (optional) $15m $7.8m $7m $320k

TOTAL (ex. Power Gen) $106.9m $93.7m $13.2m $4.4m

Invested a total of ~$13 million in energy retrofits while

undergoing a $107 million planned retrofit
32



Measured performance in the Empire State Building

Electric Consumption (kWh)
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Measured performance in the Empire State Building

Winter Steam Consumption Vs HDD
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Measured performance in the Empire State Building

Electric Cost ($)

Year Over Year Electric Utility Costs

$16,000,000 % |
$14,694,108 W Electric energy cost
L — ——Occupancy Rate
$14,000,000 - %0
$12,853,869 $11.710,160
$12,000,000 $11,697,544 - 70
$10,000,000 $9,609,506 sopra2s | 0 R
’ ’ m
50 ®
o
$8,000,000 a.
© 8§
=
$6,000,000 3
- 30 6
$4,000,000
- 20
$2,000,000 1
> 0

2007 2008 2010 2011 2012

Year
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Measured performance in the Empire State Building

$3,000,000
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Steam Cost ($)
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Measured performance in the Empire State Building

Investments of a total of ~$13 miillion is saving ~$2.5
million per year

— Predicted (modeled) to save more than this (under-performing)

— Still a 20% rate of return with payback period around only 5 years

Lessons: Energy efficiency pays!

For building science, we now understand enough
fundamental concepts to drive lower-energy buildings
— Basic building physics

— HVAC loads

— Internal gains

— HVAC equipment efficiency

Building energy simulation can drive decision making



SAVING ENERGY IN LARGER
HVAC SYSTEMS



Large central commercial systems: Chillers

Chilled water loop

Air cooled chiller ad
Smaller capacity

Hot Compressor Expansion Cold
' Valve Coils

Chillers use vapor
compression or absorption
systems to produce chilled
water for cooling spaces

39



Air-cooled chillers

Air-cooled chiller
Transfer heat from evaporator coil to outdoor air

Chiller

Building
A

Compressor

Condens
Evaporator

Outside

Water 42°F

' U Inside 75°F

air 95°F

Expansion
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Water-cooled chillers

Water-cooled chiller

Transfer heat from evaporator coil to outdoor air through water cycle

Cooling tower

NIV
w

ater 120°

utside
air 95°F

ater 100

Condenser

Compressor

Expansion

Evaporator

Building
A

Water 42°F

' u Inside 75°F

Chiller |
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Air vs. water cooled chillers
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Useful videos on chillers

« Chillers and air handling units
— https://www.youtube.com/watch?v=UmWWZdJR1hQ

* Air cooled chillers
— https://www.youtube.com/watch?v=Ic5a9E2vykjo

« Water cooled chillers and cooling towers
— https://www.youtube.com/watch?v=1cvFIBL0o4u0

43


https://www.youtube.com/watch?v=UmWWZdJR1hQ
https://www.youtube.com/watch?v=Ic5a9E2ykjo
https://www.youtube.com/watch?v=1cvFlBLo4u0

Economizers

Air Conditioning for Big Buildings

by: Michael Ermann and Clark Coots
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https://www.youtube.com/watch?v=j1nYipLAvOU
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https://www.youtube.com/watch?v=j1nYipLAv0U

Heat/energy recovery systems

Air to air heat recovery Rotary/enthalpy wheel

Rotary enthalpy heat exchanger,
fiberglass

porous

matrix > Depth =
impregnated

with LiCl

I~
=
E ==
2
4]
Rotary sensible ~
heat exchanger,
corrugated wire
mesh
Hub
Y
Support
spokes 45




Heat/energy recovery systems

https://www.youtube.com/watch?v=Q0SelUK6dpQ


https://www.youtube.com/watch?v=QOSelUK6dpQ

Heat/energy recovery systems

Plate heat exchanger or thermal wheel

Figure1 - Plate Heat Exchanger
Psychrometry (sensible heat recovery)

of Plate Heat

Exchanger

Moisture
content

kg/kg.,,

o grr:gk
9:=9,

Dry-bulb ede eA en' es en
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https://www.cibsejournal.com/cpd/modules/2009-12/

Energy recovery systems

Regenerative Thermal Wheel
Enthal PY wheel (sensible + latent heat recovery)
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https://www.cibsejournal.com/cpd/modules/2009-12/

District heating and combined heat and power

https://www.youtube.com/watch?v=MhJVsSkxqg7s
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https://www.youtube.com/watch?v=MhJVsSkxg7s

District cooling
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https://www.youtube.com/watch?v=71Z3PBr7d04


https://www.youtube.com/watch?v=7IZ3PBr7dO4

Heat pumps

Heat Pump %
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by: Michael Ermann and Clark Coots

https://www.youtube.com/watch?v=NyNeh7wPQQk o



https://www.youtube.com/watch?v=NyNeh7wPQQk

Heat pumps
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Air-source heat pumps

Heating and cooling load and capacity, 1000 Btu/h
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Ground-source heat pumps

Interior zone
supply air

Summer: 65°F
Winter: 54°F

Lo

/

Summer: 68°F
Winter: 48°F

R

Standby

cooling Perimeter

tower \ ay heating
waser Chilled
retum water

)

Condenser

%@- Winter * t retm
-—{:I‘ Ny
-

{

Summer
Summer;
Summer 55°F
—

~ Compressor ’

Chilled Perimeter
water heating
supp]y water
Winter: supply
43°F I\
Summer: Winter
43°F - T T
Outdoor ‘- Domestic
air hot water
<:] preheat
Summer:
95°F
Winter:
34°F  Summer

’ 142 gpm
Summer: 58°F
Winter: 46°F

Evaporator

e

X o’

(o—

- ‘ Winter
Winter

f
{_Wimcr

Well

pump
/" motor

* Discharged
to river

58°F summer

Groundwater: _{|{|
540 gpm
46°F winter

N ¥
(M=
PN

54



Ground-source heat pumps
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Ground-source heat pumps

Air
out

Q Water-source

heat pump

Water-circulating
/ pump

O

Ground coil
/ (S-type coil)

D
) s




Which system do you choose?

—

Energy Saving Strategies for

HVAC Systems
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Vakiloroaya et al. 2014 Energy Conservation & Management 77:728-754

It depends:

« Capital costs

« Operational costs
 Building size/loads
« Space limitations
« Water availability
* And more

Take CAE 464/517
HVAC Design in the
spring!
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