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W. Mark McGinley, PhD PE, FASTM is Professor and

Endowed Chair for Infrastructure Research, Civil and

Environmental Engineering, J.B. Speed School of Engineering

University of Louisville. Dr. McGinley is a structural engineer

and building scientist with an excess of 23 years of research and
forensic engineering practice in building systems. Prior to joining U of L, he
served 20 years at North Carolina A & T State University in the Civil,
Architectural, Agricultural and Environmental Engineering Department. He
is an expert in masonry building systems, in particular, masonry building
envelopes. Dr. McGinley's research has included research on the structural
performance of masonry walls, water penetration experiments on envelopes
and the building envelope performance of brick veneer and steel stud wall
systems. He has also been involved in, multidiscipline efforts on the
evaluation of the energy systems of existing buildings and demonstration
projects evaluating condensing heat exchangers and thermal mass effects of
night time ventilation. He has been a primary author of all 6 editions of the
Masonry Designers Guide.
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Overview
*Recently completed a project
investigating cost effective — energy
efficient/sustainable school design,
including both first cost and life cycle

costs for KY.

WE WERE ASKED THE QUESTION

“If I had a dollar to spend for energy
efficiency where should | send it first?”

ie. “Best Bang for the Buck”
WEB SESSIONS

Overview

« Study focused on conventional
systems with input from design/school
community

*Used the range of climates in
Kentucky — Climate Zone 4

*Develop relationships between costs
and energy efficiencies to allow
optimization of both- Holistic approach
used.

WEB SESSIONS




Designed a Base Prototype Middle School —

[ | —
= T - B gTETE

Base: Design met Min ASHRAE 90.1
Most Lights T 12- 2 and 4 lamp systems
HVAC VAV - Gas boilers and Chillers

11 Typical school use schedules.
- 7| Minimum Envelope U and R values ~ R 22
—; Roof, ~R 9.8 Walls

- [ Base EUI-~132

| =] v [0 Z“'WH\‘”‘L’_:: s

e -(www.schoolclearing house.org) ~158,000 ft2  Second Story- Prototype
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Analysis Results Collated — Base line—

Rerunstatus  Energy Efficiency Measure Construction Data multiplier  Corbin/Wiliamsburg | Covington | Lexington
3412 wn i wh

o o o o
a1 o1

f

Change:

decciption

i

Exteror walls 329,09, layers: outside ai i, &
rick, it space, 1-1/4" polystyrene 8'CMUMW

ik i s Becc s aassis s 21 23
Pitched Roof 222, ayers:outsde i fim,
susene el sding Bidg pperte, 3 poys, st Louisville
Saseline | ing nside s o
Sl Bl Up oot 263, layers: outside i i, it
R e ool 5" polis, 55" lywood,meta decking W
sasline e Celngs -5, layers: 2" Acousticl; meror Demand 560 s s ke s
w155 15R37, 1 desic m, UMY =
AT wals w375 s e anfim,
Rerun status | Energy Efficiency Meastre Construction Data
2,253,991
i pre—— Changes. nemaz  mamm uas, 16
Exterior walls R=9.80, layers: outside air film, 4"
brick, air space, 1-1/4" polystyrene 8'CMU MW sen
hollow, air film; g
Roof R-22.72, layers: outside ai film, steel
Baseline :
siding, Bldg paperfelt, 3" polyiso, steel siding,
Ewall: .08
o inside air film
o0
Ceilings R-1.95, layers: 1/2" Acoustic ile;
iding Roof: 22.22
Baseline et Interior walls R-3.75, layers: inside air film, 11,645,294
& 8'CMU MW hollow, inside air film;
wall: 3.08

Sround Fl Interior floor R=1.94, layers: inside air film, 6"
round floor HW Conc, stone 1;

Al
oor Ground floor R-2.59, layers: inside air film, 132

linoleun, 6" HW conc, inside air film 2,253,298
- Afloor R-16.67, layers: AFIr Cons Mat 1, Acoustic 5,620
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Evaluated Select Alternatives (ECM’s):
T8 lights — HO instead of Halides in High bay areas
*More efficient Conventional HVAC systems - Boiler
*Day-lighting controls
*Setback - Fan controls
*ERV'’s
*VFD Motors
*Ground Source and Water Source Heat Pumps
« Enhanced building envelopes — Both light framed and mass
walls, high and low U windows, High R roofs
« tighter envelopes

WEB SESSIONS)
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Analyzed School Building

Analyzed prototype configuration to establish base
performance using eQuest (DOE2).

5 KY cities — Corbin, Covington, Louisville,
Lexington, Paducah

ACl
WEB SESSIONS

Investigated Energy Conservation Q
Measures

Based on input from
» design community
« facility managers
» Contractors

« literature, etc.

Mature alternative energy conservation measures
ECM’s) (technologies) were identified and
incorporated into the building.

Prototype building re-analyzed eQuest (DOE2) for
Each ECM singly and in groups - 5 KY cities

WEB SESSIONS)

o Coae s —
Built Up Roof R-29.41 exterior Polyisocyanurate eman H
P Vocr Gas 12,280,164
cim
I cronge e
Built Up Roof R 3333 esteio polysocyanurate eman
camn
2 Change 3 Sere
it UpRoof R40.00 exteio polysocyanurate eman
cam
\CF Wall: it i, 4 bick aispace, 1.5 ectric P
ca CFualsR2178 alyurethane, G 40 conc, 15" Poyrethane, | Demand sem
3/ gy i i G 11.798.01)
camn 47.6%
Electric 2
Changed 11/8 Polysyrens to 3 ployio Demand s e
G 11791507
csen 47.6%
Electric 2amm
cs MR85 nged 1./a"Polystyrene to 2 loyso Demand s e
G 11.519.50)
CBEU 135/.5%)
. " ecric P 14518 218599 | 2 2189
0 amwean MU ez vemand s6m ' : sem
Polvren Gas 11,061,140 2,233, X 11,855,189
crEu 130/.1% % 135/.3%)
et watsattore Ny i ce s flecric L 2490 210 22 23n
cs Steel StudWalls 345 | space, 35" polyiso, 2eNgel wall 60.C. 018 Demand sen s sas | sen | ses
battinsul, gypsum Aard aiefilm Gas. 11,040,827 12,117,113 12,021,283 11,529,392 11,781,746)
caen /2% IB/LI% 19/14% B1/6%  18/7%)
2,253,728
Ran eQuest on each in ICF walls R-21.74 5,623
Building Config. -5 Ky 11,586,113
i | ey
2,253,297
5,621
EB SESSIONS™ CMU walls R-25 11,536,908
131/.6%
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Rerunstatus  Energy Efiiency Measure Construction bata mupler | Corom/ Wil ameo O

Rerun status _ Energy Eficiency Measure. Construction Data mullpner | Corbin/ Vil ams o
a2 o

a2
aw

s seccripiont Cranges 5 136,992 f
Change all building lights from T12 0 T8,Change Electric 2063601 $2136,99 Change al building ights from T12t0 T8,Change Flectric
u ToUgHing | balatrom Enerpy ffcient ipntictoapid | Demand 5,108 aess s Toughing fopd | Demand

Gas

Start lectronic Gas 12602829 12,066,801

12,066,841
lectic 20961 2160107

Demand 538 sen

ectiic 231810 2,083,861

ifed Ughting emant 27 X
wotes s OccupaneySensors Demand 69 sam 5368

Modfied Uhting Occupancy Sensors

Gas 1w 2EsI

2,161,117

Gas D66 RS 11,9939

Elecric
90% Boilr Efficiency Demand

Change all building lights from T12 to T8,Change "

L1 T8 Lighting ballast from Energy Efficient Magnetic to Rapid e Al 2
Start Electronic Large Temperature Cooling poccupied- soF Heatc 300 11,949,399 s
Seiback Tieating Unoccupied 557 = i v mz Setback Hesting Uoccupied - 557 Deand s

Elecrc 2317186 207,73 2178711 22657
Using lightsensors to change lighting levels Demand 574 3 5316 5567
Gas 11,1063 895 12243149 _11,6706%

Electric z . 226527
Oaylighting

Modified Lighting
L2 Schedule Occupancy Sensors

2626% 2476611 2550008
6108 5750 son
11,0022 327,79 12216803 11645294

lectric 20368 21430 219054
Demand 7

loses OA Damper during unoccupied periods
Closes OA Damper during unoccupied periods b s o
Gas 2.230868 1212479 11,579,176

unless when calling for economizer mode Winimum OR Schedule

ms Winimum OA Schedule

s when calling fo economizer mode

HVAC Systems shut down during the period of

Electiic 113,018 17962 1814150 181953
56

ToMand oM Denend Electric 2,253,991 *

setpoint the unt il cycle on for 1 hour. s su semom

Demand 5,622
Louisville base line— Gas 11,645,204

HUAC Systems shut down during the period of

flectric 1913418 17962 | 181050 181953 19283
TP and 6AM ¢

pemand Electric 2,253,991 7 = °*

o e seman susm
Demand 5,622

Louisville base line  Gas 11,645,294

EUl 132

setpoint the uit il cyce on or 1hour.
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Rerunstatus  Energy Efciency Measure ‘Construction Data “mulipler
342

descriptiont Changes 1

Select Findings on Energy Savings:

Change I bulding lights from 112 0 T8 Change Electic 2.207,9% 2083 2069607 213695
Talighting ballastfrom Energy Eficient Magnetic to Rapid Demand 5116 4763 855 5108
Star Eectronic Gas 150078 1753427 106085 120684

» T8 reduces elect. energy |6% but heating
13% - EUl almost unchanged —Energy
Cost savings ~3%.

lectric 223180 200,48 20941 2161117

Nodified Lighting o S Demand 5629 sam 5368 sen
ceupancy Sensors

Gas nImI REwI LU 180939

lectric 232,765 255,000 2186280 2253081
0% il Eficency Demand 5630 501 5368 2
Gas 576,675 10,957,048 10888370 10379653

lectrc 2310007 20360 2178275 | 2,201,089

» Envelope improvements have generally
less than 1% change in EUI.

HVAC Systems shut down during the period of
Modified Fan Schedule ~ 7PMand 6 AM. If any zone falls below heating

\ setpoint the unit will cycle on for 1 hour.

* Increased boiler efficiency to 90% can
save about 9%.

Treame e T I AT BT LS
Water Side Economizer | Instal heat exchanger tha\usesfree cooling. Demand sm

e § 1,881,953 i

lecric
i OA schedue | €55 O Damper duing unokupied periods Seane
unless when cllng or econ

* ERV systems can actually increase overall
energy used in certain conditions.

HVAC Systems shut down during til period of Hlectric L9348

ToMandoam ;

setpoint the unit will cycle on for 1 hour. Electric 2’253’991
Demand 5,622

P : Gas 11,645,294
WEB SESSIONE: guisville base line 0

9606 95051 889
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Controls
« Simple controls can have significant effects

+ Base set backs 64°F and 80°F reduces EUI
~30+%

Select Findings on Energy Savings:

+ Controls have significant effects- 19- 25%
+ Set backs.

* Modified fan schedule (periodic
ventilation.

Vi |
(Large)
iy
* VAV- minimum air flow reduction (close Occupied
— unoccupied)
+ Can get near | 56% EUI -using
conventional systems

» Geothermal | 80% EUI

Temperature (F)

+ Set-backs 55°F & 90°F reduces EUI another
19%

» Can use programmable thermostats or DDC of
all thermostats — be careful of IAC and Mold

WEB SESSIONS WEB SESSIONS




Controls

VAV- minimum air flow ~ | 25% reduction
in EUI

Allows the damper controlling the
minimum air flow in a VAV box to fully
close during unoccupied periods if the
room temperature is satisfied.

May need modification of VAV boxes in
conventional construction— occupancy
sensors — DDC system.

WEB SESSIONS

EUI% Reduction

ecw[=] CorblCovingtl= Leningt= sl = Paduct=
cs
lcs
c1a
iz
o
w10
AvALL
lom1r
Mo
[G.0ption?
s
C3  [Change 3" exterior to 5" exterior (Roof)
C.14 |Air barrier — 0 .2 Air changes per hour
C5 [Change 1-1/4" Polystyrene 1o 3" ployi (CMU Walls)
M.2 Large
.6 Modified Fan Schedule — Fans o shut down during unocoupied hours unfi a space drops below the setpoint
M40 VAV Box Minimum Ar Flow Schedule — Dampers on the VAV boxes o close if the space temperature setpoint s
- atisfied.
VAVALL Best ECMs for the baseline building modeled as one ECM. Most efficient building design for the VAV system.
G.M.17__|Replace the VAV HVAC System with a Heat Pump System
GM20 Modified Fan Schedule — Fans to shut down during unoccupied hours untl a space drops below the setpoint
- temperature.

Option2

Best ECMs for the baseline building modeled as one ECM. Most efficient building design for the geothermal
tem
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Economic Analysis:

A. Determined simple payback for each
ECM - Capital cost increase / yearly
energy savings.

B. Using 4.5 % interest rate and 1.5%
estimated increase in energy
determined year self funding — for
longer periods — 50 to 75 year design
lives — included estimated maintenance
costs where different from base
conditions.

WEB SESSIONS

Controls

~121% EUI

WEB SESSIONS

Modified fan schedule (periodic ventilation)

The air handler units are shut down during
the unoccupied periods (7 pm — 6 pm). If
any zone falls below the heating set point
the unit will cycle on for 1 hour.

For periodic ventilation outside of occupancy
periods- energy management/control system
of some sort is needed (DDC)

10/10/2012

about $111/ft2

For each ECM

WEB SESSIONS

Economic Analysis:

» Determined the cost of the electricity and
gas using the LG&E/KU commercial utility
rate structure for each analysis

« Estimated cost of Building $17,540,000 —

» Conducted quantity takeoff on systems that
were changed and developed incremental
change in capital costs using input from
RsMeans — Cert. Construct. Estimator,
input from contractors and Energy Enrgs. —
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Description
Varying the Orientation - No Cost

Varying the Orientation - No Cost

Varying the Orientation - No Cost

Varying the Orientation - No Cost

Varying the Orientation - No Cost

Varying the Orientation - No Cost

Varying the Orientation - No Cost

Change 3" exterior Polyisocyanurate to 3.5” exterior
Change 3" exterior Polyisocyanurate to 4" exterior

Change 3" exterior Polyisocyanurate to 5" exterior

ICF Wall: air ilm, 4" brick, air space, 15" Polyurethane, 6"
Changed 1-1/4" Polystyrene to 3" ployiso

Changed 1-1/4" Polystyrene to 2" ployiso

Changed 1-1/4" Polystyrene to 11/2" polyurethane

Steel wall stud layers: ir film, 4" face brick, air space, 3.5"
polyiso, 2x6 steel wall 160.C. R-19 batt insul, gypsum board
airfilm

Steel wall stud layers: air film, 4" face brick, air space, 2"
polyiso, 2x6 steel wall 16 0.C. R-19 batt insul, gypsum board
airfilm

Steel wall studlayers: ir film, 4 face brick, ar space, 15"
Polystyrene, 2x6 steel wall 16 0.C. R-19 batt insul, 1/2° GYP.
board, air film

Steel wall stud layers: air film, 4" face brick, air space, 3"
Polystyrene, 2¢6 steel wall 16 0.C. No batt insul, 1/2" GYP
board, air film

Light Vapor Barrior

Medium Vapor Barrior

Heavy Vapor Barrier

‘Wal: ai film, 4" brick, air space, 15" Polyurethane, 6" 1401b
conc., 15" Polyurethane, 1/2" gyp board, air film; for roof:
Changed 3" exterior Polyisocyanurate to 5" exterior

Cost

Savings
s

s se

s mn

5 (07

s (5290

s (15620

S %3

Maz § 300

67899 $ 59228

18,7713 $ 99339

32,9852 $ 75520

6603159 $ 8774

892319 S 68698

< s a1

(255556.89) $ 86851

(03,502.18) § 73909

(32690239) $ 49587

(1355761 $ 50051

- (180.49)

2314 $ 7560

u7028 $ 157312

4026365 § 155344

SPB (Years) SF In Year

00
00
00
00
00

6593

6265

00

539

2834

NO Cost EC
NO Cost ECM
NO Cost ECM
NO IMPROVEMENT
NO IMPROVEMENT
NO IMPROVEMENT
NO Cost ECM

NO Cost ECM

NO Cost ECM
NO Cost ECM
NO Cost ECM

NO Cost ECM

NO IMPROVEMENT




Effect of Envelope R increases on
Yearly Savings

-3.00%

WEB SESSIONS

» Envelope improvements helped more in
Madison and hurt in Dallas and Miami

1200
1000
a 800 v
4 600 —8—55 Wall
s
2 400 Roof
200
0+ f T T
0 10 20 30 40 50
R Value
WEB SESSIONS
Simple Payback Period h—
Simple Payback Period (Years)
ECM Corbin | Covington | Lexington | Louisville | Paducah
C3 218.8 156.3 151.8 188.5 174.0
C.14 804.5 195.3 69.9 335.0 2722
C5 168.3 45.5 17.5 753 64.5
M.2 .0 0.0 .0 0.0 .0
M.6 .8 3.8 .4 3.5 .4
M.10 8 25 .3 23 .3
VAV.ALL .2 238 .5 26 .5
G.M.17 232 31.0 27.0 28.1 27.3
G.M.20 211 28.2 24.7 25.6 25.0
G.Option2 57.2 73.7 64.9 67.7 66.2
WEB SESSIONS
High R roof c3
IcF ca
High R CMU cs
400% 55 Walls cs8
o8 C12
006 C.13
005 C14
3.00%
2.00% c3
a4
cs
100% ucs
J I I o
=3
SN | T
cis
1.00% aL
200%
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ECM
M1
M2
M3
M4
M5
M6
M7

M8

M9
M.10

WEB SESSIONS

Description Cost Savings

Condensing Boiler H 226060 $ 949231 02

Large Temperature Setbacks i $ 2781353 00 NO Cost ECM
Daylighting S 1711327 § 1,002 168 2
Water Side Economizer S $ (27,538.22) 0.0 NOIMPROVEMENT
Minimum OA Schedule S 16999000 §  4,605.77 369 -
Modified Fan Schedule S 16999000 $ 48,868.29 35 4
VFD on Cooling Tower Fan S 1186900 $ 71372 17 2
3-Way to 2-Way Valves and VFD on Pumps

Combine with CHW & HW Reset Temps i Mlecnidd o8 !
ERV on AHUs H $ (43,919.85) 0.0 NO IMPROVEMENT
VAV Box Minimum Air Flow Schedule S 169,990.00 $ 74,569.17 23 3

Note the lighting ECM’s saves some electrical
energy but increase heating energy in winter

More efficient lights and occupancy sensors on
lights have lower payback periods for new
schools, although aggressive sensor driven
daylighting may take a while.

We looked at typical Kentucky
performance:

* We then asked the question - How
will the school perform in other
climates?

* Ran the base school and critical
ECM'’s in Dallas, Miami, and
Madison.

 The following results were obtained

WEB SESSIONS

60.00%

% Savings Dallas

50.00%
=% Savings Covington
% Savings Madison
40.00% 9% Savings Miami
% Savings Paducah
30.00%
20.00%
00 I I I
0.00%
M2 M6

M0 VAVALL  GM17  GOption2

% savings

* Mechanical Systems and Controls great
effects

WEB SESSIONS

90.00% 8 o
Large TSB m2
80.00% Fan Sch. (3
VAV Box Min. Flow  M.10
" VAV.ALL
Too0% Base Geo. GMm17
Best Geo. G.0ption2
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Conclusions

» Over 50% can be saved in typical school
configurations using conventional HVAC
systems and aggressive control
strategies. These improvements
generally have aggregate paybacks of
less than 3 years.

90.00% T L1

Large TSB M2

Fan Sch. 3

VAV Box Min. Flow  M.10
VAV.ALL

70.00% Base Geo, GM17

Best Geo. G.0ption2

80.00%

60.00%

M2
5000% M6

M0
40.00% mVAVALL

GMA7
3000% =G.Option2
2000%

0.00%

Dallas Covington Madison Miami Paducah

% savings

+ Use of ground source heat pumps
greatly increase the energy saved but
have much higher payback periods,
usually in excess of 20 years.

* Mechanical Systems and Controls great
effects

WEB SESSIONS WEB SESSIONS

Conclusions

* Envelope improvements in typical school
configurations have a minimal impact on
energy used in most Kentucky climates
and generally have long payback periods
(in excess of 100 years)

Sehool af Ergmer
Sehool af Ergmer

THANK YOU !

* Many of the findings of this investigation
can be applied to school retrofits — controls
— set backs occupancy controlled
ventilation, fans , lights.

QUESTIONS?

» Most of these findings appear applicable to

most climates.
WEB SESSIONS
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