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8 Session 6: New technologies for New
and Existing Buildings Allowing for Energy
Conservation

Demand Controlled Ventilation — Save energy with a better operating
Building

Presenter: Mr. Richard Remke, Carrier Corp.

Ventilation Control

Demand Controlled Ventilation

Save Energy with a Better Operating
Building

Presented by:
Rich Remke
Controls Product Manager
Carrier Corporation



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
01 SEP 2004 N/A -
4. TITLE AND SUBTITLE 5a CONTRACT NUMBER
New techn_ologmsfor New and Existing Buildings Allowing for Energy £b. GRANT NUMBER
Conservation

5c. PROGRAM ELEMENT NUMBER
6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Carrier COl'p REPORT NUMBER
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

See also ADM 001864, Building Ener gy Perfor mance | mprovement Through Advanced Technologies,
Smart Organization, and Financing. Proceedings of the Industry Workshop Held in Chicago, IL on 7-8
October 2003. , Theoriginal document contains color images.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF; 17.LIMITATION OF | 18 NUMBER | 19a NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a. REPORT b. ABSTRACT c. THISPAGE UU 131
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



274 ERDC/CERL SR-04-26

Ventilation Control

How is ventilation provided in most
buildings today?

The same way it was in 1930.

With Fixed Ventilation!

Ventilation Control

Fixed Ventilation

Building codes require ventilation rates based on
cfm/person: (typically 20 cfm/person)

Actual Occupancy: 1 person = 500cfm

*""1-

Inefficient!
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Ventilation Control

Fixed Ventilation In a Multi-Zone VAV Building

Total ¢cfm = Max occupants X 20 cfm

[ = Ideally Ventilated
|| = Under Ventilated
[ = Over Ventilated

There Is No Control!

Ventilation Control

Is There A Better Way?
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Ventilation Control

Temperature Control In A Multi-Zone VAV Building

[T Termperature Sensor

= Temperature + Ventilation Sensor

« Measure In Each Zone
= Control Based On Actual Load

- What if we did the same thing with ventilation?

Zone Ventilation Control

Greaft Idea/l

But How Does It Work?

Delivers
The RIGHT Amount of Fresh Air,
To The RIGHT Place,
At The RIGHT Time...
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Zone Ventilation Control

Controlling Ventilation

There is a clearly defined relationship betwes
CO: levels & ventilation rates established by:

JoH
ENTAS

ASHRAE 62.1 & 90.1

ASTM CO: &Ventilation Stand:

Indoor CO: levels are a measure of ventilatio
rates (cfm/person) 4

CO, levels are not a measure of overall IAQ.

- CO: is the control parameter for ventilation!

-

Zone Ventilation Control

Actual Occupancy 1 person = 20cfm

- | - -

N ¢

Ventilation based on actual occupancy!



278 ERDC/CERL SR-04-26

Zone Ventilation Control

With Zone Ventilation Control In a VAV Building

[ | IDEALLY YENTILATED|

. OVER VENTILATED

Healthy & Efficient!

Ventilation Control

Total Building Heating and Cooling Costs

Ventilation
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Ventilation Control

|

VENTILATION COMPARISON
A 4 — Savings

Constant -
Ventilation

Design Ventilation Rate

Demand «
Controlled

7 Base

Ventilation
Rate

11 43 4
(100%=20CFM.pp) Y 51 oy
Time of Day

Zone Ventilation Control

Numerous Studies Confirm That

Correct Ventilation ...
= |ncreases Productivity

= |mproves Occupant/Customer Satisfaction
= Helps Prevent Sick Building Syndrome Health Affects

DOE/Lawrence Berkeley Labs
Indoor Environment In Schools

Pupils Health & Performance In Regard To CO, Concentrations

A significant correlation was found between decreased
performance and high CO, levels (lower ventilation rates).
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Zone Ventilation Control

Does controlling ventilation based on occupancy meet codes?

Accepted by. ASHRAE Standard 62

International Mechanical Code:
‘Current technology (CO, sensors) can permit the design of

ventilation systems that are capable of detecting the occupant load
of the space and automatically adjusting the ventilation rate
accordingly.”

Model, State & Local Codes
Can Be Measured & Documented!
- Compliance Assured...

Zone Ventilation Control

Examples Of Potential Energy Savings/ROI

r !!"’U

P\

row G

$20, l]51
Boral gs g=
18mu ROI 15mu ROI ?mu ROI !
Arnual Savings

5 mo, ROI

15 mo. ROI

t‘ »
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Zone Ventilation Control

is Using CO2 To Measure Ventilation

A New [dea?

1916 Engineers Handbook

“CO, tests should be used
...for checking the renewal
of air and its distribution
within the room.

..the CO, should NOT
exceed 8 or 10 parts in
10,000”

Zone Ventilation Control

Why Apply It Now?

« CO, sensors have become
cost effective and reliable.

* Building control systems can
how integrate zone
ventilation control.

EJ’l
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Zone Ventilation Control

Payback Analysis

Software Analysis
Tools Can Determine
Potential Energy
Savings and
demonstrate
payback

Zone Ventilation Control

Let’'s review the benefits.
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Zone Ventilation Control

Ensure for every zone...

Comfort

Health & Safety
Compliance

= And...

Zone Ventilation Control

A Better Operating Building

= Ventilate to Actual vs. Assumed Occupancy
= Eliminate Wasteful Over-Ventilation

|G

g AL 320159354
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Conserve Energy and Improve Indoor Air Quality through Use of Hybrid
HVAC Systems.

Presenter: Mr. Leon Shapiro. ADA Systems

\ conserve Energy and Improve Indoor Air
Quality Through the Use of Hyhrid HYAC
Systems

‘ & Building Energy Performance =
Improvement Through o
Advanced Technologies, Smart
Organization and Financing
ERDC-CERL/DOD/ASHRAE

& Industry Workshop
October 7-8. 2003
Chicago, I

& lLeon E. Shapiro
ADA Systems, LLC
Carol Stream, [L
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W Evaporative Cooling:
< " Whyls This Important To You [(and your
" clientsl?

& There are external forces affecting the method and
manner in which institutions and businesses
provide ventilation, heating and cooling for their
facilities:

ASHRAE Standard 62 - 2001
ASHRAE Standard 90.1 - 1999
rederal Energy Policy: Act oft 1992
LEED Certitication

Global Climate Change [ reaty

Current Events

W Evaporative Cooling:
o Whyls This Important To You [and your
™ clients]?

- :
W 1T you could, would you provide your clients/customers
with an HVAC system that:
sSupplies 100% fresh outdoor air instead of stale
recireulated air

Uses significantly less energy to operate than current
recireulation systems

Can be mstalled omn a first cost basis equal to or less than a
standand mechanical system

Can be retrofitted to their existing systems (in most cases)
Is user-friendly for maintenance personnel to operate and
maintain

& I you could, you should...so let’s see hiow. ...
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W Evaporative Cooling:
Q Typical (Non-Evaporative) System

& Based on using minimum cutside supply air, and
recirculating a majority of the building return
(exhaust) air

444

WA A A A A A ga

Evaporative Gooling:
Typical (Non-Evaporativel System

&) Weaknesses of the Typical System:
Recirculation causes internally: generated contaminants {0
become concentrated and spread to all spaces served by
the system
Ventilation air 1s not managed propetly:

The process 18 open loop omn latent heat

The scheme 18 predicated on using Visgin energy to
achieve psychiometric state peint changes.

e process 18 predicated on 1SiNg energy imiensive

B
s
.
R
R
B

Processes

A LA LA LA LA LA A
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N Evaporative Cooling:
‘ What Does “Green” Mean To HUAG?
<.

§) “Green” 1s not just installing a high
4 efficiency boiler or alternative refrigerant
\ chiller
< &) “Green” 1s avoiding the need for that boiler
‘ or chiller (or at lecast significantly downsizing

\ equipment beats a low efficiency system with

< them)
‘_ . §) A high efficiency system with low efficiency
< high efficiency equipment every time

W Evaporative Cooling:

4\ “Green” Strategies For HUAC

oy

~ & Dual Path Ventilation - Separation of ventilation from
heating and cooling processes permits elimination of
terminal relieat and effective management of ventilation

4 HBnergy Recovery - Recycling heating/cooling energy
permits ventilation air to be mtroduced into space at low
thermodynamic cost

& Evaporative Cooling and Humidification - Evaporative
processes are the only processes which can close the loop
ot latent energy. They permit the aveidance of most
cooling and humidification energy, and are applicable in
all environments

<
<
<
:
<
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-3 Evaporative Cooling:
W “Green” Strategies For HUAG

& Displacement Ventilation - Permits small, 100% outside
air systems| to replace much langer systems and. greatly
reduce energy use

&) Thermal Storage - Properly employed, thermal storage
can sharply reduce both the quantity and cost of heating
and cooling energy use

5 Process Synergism - Synergism can be created between
two processes to achieve more out of them than eithers
process could provide alone

X
5
N
N

Evaporative Gooling:
“Green” Strategies For HYAG

& Multi-Funtional Process Use - [ndividnal pieces of
equipment can be used to serve multiple design objectives.
This reduces the parasitic losses systems see form
equipment not m use but which requive energy to
OVercolne

Amplification - Multiple heat exchangers can be nsed to
amplity cooling energy for recovery while simultaneously
eliminating the need for terminal reheat

Avoidance - Use of recoverable or “free” thermal
resources betore expending new energy resonrces
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N Evaporative Gooling:

\ Understanding The Psychrometric Chart

All paychrometric

seen as a
combination of:

Cooling

Heating

|

Humidifying

i

Dehumidifying

s laa

W
Fn" H
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| Evaporative Cooling:
‘ Multiple Forms and Technologies

‘ & Evaporative cooling technologies form the
backbone of energy efficient hybrid HVAC
SYSES

& There are 2 forms of evaporative cooling

Direct
— DPraws warm air throughi a wetted media

Indirect
— Wtilizes alieat exchanger to separate the supply airfrom the
water used for evaporation
— lses a secondary air stream to reject heat from the evaporation
process

.
»
N

Evaporative Gooling:
W Direct Evaporative Cooling Cycle

1

" ig defined
by the following equation:

E= (Tl - TDg)(TIy - TLa)

T

o

2

S
URE/LB DRY AIR

“Discharge Temperature”
can be determined by the : ot
b

following equation: e
= 10016,
TDg = Tlg, - [E 2 (Tl - TLs)] 3
-0.012 0
Factors affecting E
effectiveness are: 0008
e}
~ . =
» Type of Media 0004 2
e 5

+ Depth of Media N ; 0.000

AA A TS

70 80 %0 100 110 120
DRY BULB TEMPERATURE, (DEGREES F)

4
<
|
<
«
|

» Face Veloeity
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W Evaporative Cooling:

‘ Indirect Evaporative Gooling Gycle

“Effectiveness” is defined by the

%

following equation: g
: - o -0.028 >
E=(Tlg - TDg) + (T - TIS, 00 3

_ -0.02¢ 3

‘Discharge Temperature™ can be
determined by the following
equation:

TDg, = Tlg, - [E = (TTg, - TI5,4)]

=
=
3

1 1
o [=
g =4
b=

MOISTURE RATIO, LBS MOISTURE/LB

rough Exchanger

T T T T g T T
20 30 40 50 60 VO B8O 90 100 10 120
DRY BULB TEMPERATURE, (DEGREES F)

uilding Exhaust az

"™ Evaporative Gooling:
O Advantages of Indirect Cooling/Heating

-
’~ & Provides a sensible cooling process
& Extends the effective Economizer range

& Meets base cooling loads under part load
conditions most of the time

& Can be used to provide winter energy (heat)

§ Makes 100% outside air applications more
economical than recirculation systems

&) Reduces the need for refrigeration

«
<«
<
-«
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Evaporative Gooling:
Indirect/Direct Evaporative Cooling Cycle

An Indirect / Direct
combination will provide
cooler air than either
process by itself

In certain climates this

5 ) ILLUSTRATION OF A T0E%
co_mbmec? process alone rmettiptpeii]
will provide true BOEX DIFECT EVAPORATIVE
“comfort cooling”

CISTURE RATIO, LBS MOISTURE/LB DAY AIR

8

:

DRY BULE TEMPERATURE, (DEGREES F)

Evaporative Gooling:
P Performance Ghart (Low Wet Bulb Area)

F

SACRAMENT O, CALIFORNIA
Performance of Evaporative Cooling and Heat Recovery Technologies

Amhient O5A Hours/ INDIRECT INDIRECT DIRECT INDIRECT
DEAVE Year 0BA as Blg. Exhaust DIRECT
P Secondary as Secondary 05A as
Air Air Secondary
Air
107770 7 Tof61 T4/59 7470 f3/61
P 102570 30 TEMS T3/61 7370 6563
DT HE 144 T5iE1 T3/60 71/68 62061
D3MHa 244 720 T0/59 62166 a1/60
ETHS 30 T0/50 B9/50 671635 G0s59
E2H3 307 BESSE BESSE 63063 50058
P 771 497 6557 aa/5T 63161 S8I5T
7259 a4l B2/55 65/56 60159 56155
a7 sy 821 6054 ad/56 58157 35054
H254 1086 5652 ha3/55 55054 33452
The zbove discharge terperatires ("F1 are based on the followring :
1. 75% Indiect Evaporative Effechiveness
2. 9% Divect Evaporatie Effectivensss
3. 5% Heat Recovery Effectivensss
4. 75°FBuiling Exhanst Dy Bulb Tenpembare (Heat Recoveny)
P 5. B3°FBuilding Exhanst Wet Bulb Temperatare (Cooling)
& DE = DryBulb Tamperatire
7. WEB = Wet Bub Tempermture
) 2.

Ofh = Cutside Air
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I Evanorative Gooling:
Performance Ghart (Low Wet Bulb Area)

F

EENO, NEVADA

Anhient Q54 Haars! INTIRECT INDVDIRECT DIRECT HEAT
DE/WE Fear Q054 as Secondary OS54 as RECOVERY
%3 Secondary
Air
FiEd 18 G50 5250 sl
F2iE0 127 G851 53051 L]
F75R =7 B350 52050 B1i58
F2058 [Be 6349 59049 SR5E
TS =0 51149 50049 555
T2I53 =7 S48 49045 5553
&7 458 S4i45 48045 52050
G248 720 5244 45144 49040 885
5748 k] 49043 44043 47045 a4
52043 871 835
47140 A &l
42035 4 585
I3 373 55
e 2bes) w2 535
s 550 3l
203 310 485
17118 245 46
1211 74 435
T 10 41
2 2 g5
-2 3 365
-7 & 3
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1\ Evaporative Gooling:
\ Psychrometric Chart (Low Wet Bulhl

F

*Reno, NV
Outside air

93/60

*B: Direct

63/60

*C: Indirect (OS¢

*E: Indirect (building
exhaust)

Evanorative Gooling:
Performance Chart (High Wet Bulh Area)

F

B A A A A/l

CHICAGO, ILLINOIS

A mbient Hours/ INDIRECT INDIRECT DIRECT INDIRECT HEATRE-
0osA Y ear D54 as Bldg. DIRECT COVERY
DEWE Fecondary Exhaust as DSA as
Adr Secondary Secondary
Air Alr
2TITE 6 £1/71 716D TE/TE 7271
LY 58 TR0 7068 THSTA 7170
27/72 165 TESED 69/67 7372 7069
2270 324 7367 68/66 71/70 6E6T
TT6T 487 T0/6S 6764 6867 6665
TIMGd 6E1 66/62 65/62 65764 6362
67061 TED 62/50 64760 61061 60i5E
6X/ET Toa 60/56 LR STIES
ENEY 60d 5350 53052 51449
S2/4T 581 i
47/4% 565 64
42/3 8 572 [
37/34 725 60
32730 ET ) 58
F Aoty +-] 580 56
1221 371 54
17/16 121 52
11/11 164 50
o) 115 48
21 2 46
3 53 44
-& 17 41
-1 11 40
-17 ks 38
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} Evaporative Gooling:
~ Psychrometric Chart (High Wet Bulbl

<.
‘ *Chicage, TL

*A: Outside air
91/74

*B: Direct

76/74

*C: Indirect (OSA)
78/70

*D): Indirect/Direct
71/70

*E: Indirect (building
eﬂiha.ust:]

A LA A A A

e E 4

Evaporative Gooling:
Dry Bulb, Wet Bulb and Relative Humidity Excursions

A LA

Sacrem ento Weather

110
afp A SeREIREC (R O R e
90 - i SNRE— |
80

i

I
o
=
=
o
2
2
o
@
o
£
a

20 A
10 4
0

Diay of July

.
N
\
*
)
N

A LA LA LA LA
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Y.

A

Evaporative Gooling:
Dry Bulh, Wet Bulb and Relative Humidity Excursions

A

&'

<
<
<
<
p

FrErE

.

A

Evaporative Gooling:
Dry Bulb, Wet Bulb and Relative Humidity Excursions

Y 4

A

Temperature and RH
e Y o R o O o I s [ '
o o oo o o o o

FEFFEFE

A LA LA LA A



ERDC/CERL SR-04-26

297

A LA

444

Shreveport Weather

Dry Bulh, Wet Bulb and Relative Humiditsl EXcursions

Temperature and RH

Day of July

<
<
«
1
<

y

Evaporative Gooling:

J Different Outside Air Gonditions

95/80 DIRECT vs
=£| A-D(Direct) 95F -
A - B (Indireet) 95F -

B - C (Direct) _B3F -

INDIRECT/TMRECT

(95F - BOF) x 0.90 = 81F
(DSF - ROF) x 0.75 = 83IF
(B3F - TTF) (l M) = TBF

RN T T

;;-s_ .

Il

A

9 e o 5

2asc

T3

= l-lll'l.ﬂs DIRECT vs INDIRECT/DIRECT
A= D (Direct),  100F - (100F -
A - B (Indirect) 100F - (100F

INDIRECT/DIRECT

10565 leEC’I‘ Vs
=t | A - D (Direct) 105F -
A - B (Indirect) 105F -

(105F - 68F) x 0.90 = 72F
{ I.ﬂS'F- 68F) x 0.75 = TTF

75F) x 0.90 = 78F
- T5F) x 0.75 = 81F

| B - C (Direey) S1F - (81F - 70F) x 0.90 = 71F

=t |_B - C (Direct) TIE-

= = s
=

v BULE TEMPERATURE $

{77F
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;\ Evaporative Gooling:

\ Comparison of Directvs Indirect/Direct
h

Pue to the greater cooling offectivesess of sh Indirect/Direct
system compared o o Direct system, the Indirect/Dinect
f system can maintain the same space condition with loss air,

Having to provide less mir can bave a significant alfest hee
cconomics of the ventilaiion system: (1) The air handler will
e smaller since boss air necds to be delivered inwo the space: |
€23 The ductwork will be simaller since less air @
Smusllor motors will be regquired. This will ros
Sirat cowr an well s fower operating conts
indirecy [Hroct systom,
C R g — =

S .
& KL [Seack |9 e

FOUMD OF DY s

T

thetical Building: 5000 x 200° x 25° (old bullding with moderate imemal heaty S

fing Cooling Lopd: 20 to 30 BawSq Pt (assuwme 30 for this examplie) =

S00° x MY x W0 BrarSgqFo e 300,000 Boo/dHr

< = el Heat Cooling Load: © to 20 Baw'SqPt (assunme 10 for this example)

= S00° x 2000 x 10 BiafSqli = 100,000 BiaHr =

* Totnl Cooling Lodad: 300,000 + 100,000 = 400,000 BuvHr

= BiuHE = O iy oo % 108 x AT o

=T | = Direct ovapomtive system provides 3°F differential (discharge to space )

% = Required Cfm (DHroct system); 400,000 ¢ 106 / §°F = 46,296 Cfm - =

= IndiroctDirect cvaportive sy stem provides 14°F difforential (discharge to spaes) = =

= Roquined Chm (IndircouDirect system): SOHLHE S 1,08 7 14°F = 26455 Chs

* Use of Stratificailon and Spot Coeoling siratogios will reduce the actiual cocling
livaacd mrprrox imnately in hnll

= Reguired Chim (I2irect systom): 46,295/ 2 = 23,148

* Reguired Cfm (Indirect/Direct system): 26,455 £ 2 = 13,227 Chm

3 Evaporative Cooling:
W Tvpical Direct Evaporative Module

of' a Good
Evaporative Systeimn
Stamnless Steel

Bottom Drain

Bleed and{or Purge
Pre-filiers
Hood/Louvers
Mist Eliminators

i
FElush
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1\ Evaporative Gooling
\ Microbial Gontrol
<.

& There have been no cases of lLegionnaire’s
Disease associated with evaporative coolers (see
\ ASHRAE Guideline 12-2000}

=

\ evaporative coolers and cooling towers
& The Bio-Terminator™ oczonation system was
\ designed for active microbial control

& Ozone (O;) 18 an extremely powertul oxidizer
\ Highly soluble in water

|
< & There are significant differences between
<
<

< Very short half life
1 Benien at low levels

W\ Evaporative Cooling:
Wy Microbial Gontrol

ULTRA-VIOLET
CELLS

CLEAR TUBE FLOW
ALLOWS OZONE DISTRIBUTION
B BUBBLES TO BE | TUBING

¥ B AIR FLOW
METER

AIR FRESSURE
AUGE

COMPRESSED
AIR FILTER
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N Evaporative Cooling:
\ GCooling And Humidification

OftaIoor Cooling Cycle Description

% Iy most chmates, fhere are more Milld-lemperature doays than bot days. The
Air Duct adiabatic sawalor coan diop temperaiures encugh during Many mill weather
dayz 1o keep chilerns off alogoiton

ADLQEAHC SATLIRATDR

Pre-cooled
To 55 F In Sumirmer

To 30% in Winter

COOLMNG
COIL

Humidification Cycle Description
During cobd woaother, the econormize:s will fake o warmmes o of ouldoor air o
PO OF SO Thal s Il Dasses heough The sotualorn module the femperue will
drop fothe design femperaoture recuired for e inbedor romoes.

Y A A A AN

s
4
4
4
4
4

.

Evaporative Gooling:
What Are The Adverse Affects Of Heat?

2" 4

A LA LA

NASA Report CR-1205-1(Heat Stress)

Efiecive Temperature | 75 | 80 | 85 | 90 | 9% | 100 ] 105
Loss InWork Output | 3% | 8% | 18% | 2% | 4% | 62% | 79%
LossinAccuracy | - | 5% | 40% |300%|700%| - | -

& ACGIH has established guidelines tor reducing heat siress, ncluding:
Increased rates of ventilation

A LA LA

YA LA L L 4

Ewaporative cooling of ventilation air

Displacement ventilation with stratification

Increased flurd intake

A
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\ Evaporative Cooling:
\ Industrial cﬂﬂlmg Strategles

& Strategies to increase
the effectiveness of
evaporative cooling:

Displacement
Ventilation

Stratification | 4 INDUSTRIL g
a COOLING
STRATEGIES

Spot Cooling
Adjustable Diffigers

Y A A A AN

s
<
4
4
4
4

Evaporative Gooling:
Indirect/Direct Gase Study

=

CLIENT: Indianapolis Wood Veneer Manufacturer
PROBLEM: Ovens Produce Over 100°F Conditions
GOAL: Low Cost Relief Cooling

SOLUTION:

* Indirect/ Direct Cooling System

* Stratification Strategy

* Spot Cooling

AL TS
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* Evaporative Cooling:

Indirect/Direct Gase Study

EQUIPMENT SCHEDULE

Evaporative Gooling:
Indirect/Direct Gase Study
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3\ Evaporative Cooling:
\ Indirect/Direct Gase Study

SEON COOLTING

* Adjustable Diffusers

* High Air Movement

* Establishes Cool Zone

A A A A

4,
<
<
<
<
,

= &

Evaporative Gooling:
Indirect/Direct Gase Study

Field Temperature Recording

A AA A
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W Evaporative Cooling:
\ Indirect With Typical Rooftop Unit

& Industrial faeility
with high outside air ;
requirements ; (ﬁ
Standard roottop 'ﬂ“.
mechanical units =
Indirect evaporative :f;ﬁ -l!_!___:
precoolers
12X tonnage reduced
by 50%
Heat recovery, in
winter' operation

‘ Evaporative Gooling:
‘ Indirect With Chiller & Heat Recovery

& An Indirect evaporative pre-cooler can be used to
reduce the size of a new chilled water system, or
can be used to reduce the outside air load on an
existing system.

9 When used for energy (heat) recovery in winter
opera.tions_, that same indivect unit can pre-heat the
outside air.

[ certain parts of the eountry, the energy savings froim

hieat recovery may be even greater than those from
evaporative cooling
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- Evaporative Cooling:
Indirect With Chiller & Heat Recovery

L
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4‘ Evaporative Gooling:
Ny !ndirect/Mechanical (Low Energy Reheat

2

&) Facilities with high
OS54 needs often

\ require expensive
relieat

Indirect evaporative
‘ pre-cooler
Mechanical cooling
coil
‘ Secondary hieat
exchanger

4
4
4
<
<

4‘ Evaporative Gooling:
Indirect/Mechanical Low Eneray Reheat]

A

LEANIN

5. Compoments of a low

enlengy rehlieat systemn:

SFRLY W1
FEVEAT Y 'gr’?‘,’,_'t“"
HEAT EXCHANGER

"' A A AN

A A ZA A ga
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Evaporative Gooling:
Hyhrid (Multi-Functionall System

& Wausan West High
School, Waunsan, W1
& Problems they were
tacing:
Expensive retrofit of
exigting chiller plant
Severe mndoor air quality 8

Non-compliance with
Standard 62

5
X
N

Evaporative Gooling:

Hybrid (Multi-Functional) System

DUAL DUCT MULTI-ZONE

WAUSAU SCHOOL DISCTRICT (WISCONSIN)

I
APCEAT ) A 5

Y

s VSR ey

. O\ /T e e

ST T!T-\'

arrass | 1" A = _-T_ | =
g ! =
B “é e o=
T e ", { =g
byt | [ ]
R [ | _,‘1{1 R
/ 9.
e i T
oa0 = e |
1) Enorgy E is greatly onh 1 3) Hydronic perimeter hoating ks used to future - i nesded - by using o ohil

through the use of evaporative coolers and
abr-io-nir heat exc

prevent building heat loss,

coal supply water {through & secor
4) Dual-Duct VAV boxes are used to hoat

exchanger loop) before enteid

2) TAQ i improved by the use of largs
guantities of outdoor air and through the
washing of the supply air inside the DEC
unit which extracts condansible gases
responsible for sick building syndrome and
which cannot be removed by conventional
filtors.

ASTII IS

pravide cooling te the individusl building
monas.

5) Very incxpensive cooling is provided by
the IDEC{idec-2) unit which provides st
stge cool, and the DEC{dec-2) unit which
provides second stage cooling

&) Auxillinry cooling can be -nll:lwl in the

DEC anit.

T) The HX (hx-2) hoat exchangor
free heating for the hot deck, In b
weather, the HX is bypassed.

B) The heat exchanger located wit
IDEC recovers heat and cooling fr
building cxhanst,
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4
4
4
4
4
4

AT

&) “Actual” energy ' Bamm

Evaporative Gooling:
Hyhrid (Multi-Functionall System

&) Wausau West Hioh School

5] Area; 275,000 S/F

& system Type: Regenerative Double Duct™

& Primary Heating Plant Reduction:  60%

& Primary Cooling Plant Reduction: 92%

& Gross Energy Use Reductions:
Natural Gas: 38%
Electricity (kWh): 27.8%
Electrical Demand: 25%

& Gross Energy Cost Reductions: 29.3%

Evaporative Gooling:
Hybrid (Multi-Functional) System

& “Bage lLine” energy

consumption based o TOTAL ENERGY CONSUMPTION
the former HVAC FRHERG By
systent that utilized
minimum outside air
and recireulated a
majority of existing :
Sl i ' Fmn Ofase ling
building air -~

consumption based o
the new 100% outside ol
air HYAC svstiem IAUSAU WEST HIGH SCHOOL
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3\ Evaporative Cooling:

\ Hybrid (Multi-Functionall System

A

-
\ COZ PP READING'S
(Puerage Chssroom Alealings)
f ASHRAE Standard 62.1- -
Y 2001 uses an mdoor to :231];
11 outdoor differential 1/m
i . 100
‘ coticentration not greater =
' Bty OOy o = B0H Syskm
| tha._n QO ppim 1:.nf CO, ag o i
an indieator of acceptable i Dl usike
. . . HLIE:
1 mnmdooer air quality ]
. L o ]
WAUSAUWEST HIGH STHOOL
\ 16 Mert Period (TT155 s 1299

A

AAATITS

Evaporative Gooling:
Hybrid (Multi-Functional) System

sl (1L N NOVATON AVATD

Wisconsin Energy Inifiative 2

LLower first cost (especially
torneww construction)
Reduced energy usage (up
to 70%)
Improved indoor air quality
— Larger amounts of outdoor
ajr
— Direet seetion acts as an
air scrubber

Energy Efficiency
Air Quality
Comfort
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-2 Evaporative Cooling:
Wy Hybrid (Multi-Functional) System

4

3
3

Evaporative Gooling:
Hybrid (Multi-Functional) System
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W Evaporative Cooling:
~ Hybrid (Multi-Functionall System
4.

-\ Evaporative Cooling:
fj\ Hybrid (Multi-Functionall System
4,

1| Lo
ol

i
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& Independent study

" commissioned by a New Jersey
B utility: company comparing 3

proposed HVAC systems for 3
new schools

& With the Regenerative Donble
Duet™ HVAC design, these 3

schools became the first LEED
silver certitied schools in New VEARLY HUAC ENERGY COSTS

;\ Jersey
-

<~

Evaporative Gooling:
Hybrid (Multi-Functional) System

*Clintonville High School: Natural Gas Use
{Projected Energy Consumption Using the Regenerative Double Duct™
Compared to Gas Absorption Chillers and Boilers)

4

< |
< |
<
N

.
\
.
3
\
N

<
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| vaporative Gooling:
yhrid (Multi-Functionall System

+Clintonville High School: Electrical Use

{Projected Energy Consumption Using the Regenerative Double Duct™
Compared to Gas Absorption Chillers and Boilers)

W Evaporative Gooling:
Wy Hybrid (Multi-Functional) System

2

A

*Clintonville High School: HVAC Demand

(Projected Demand Using the Regenerative Double Duct™ Compared

A

| """" __

to Gas absorption Chillers and Boilers)
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3\ Evaporative Gooling:

\ Gonclusions [(Part1)
<€

-

‘ & Classical HV AC system strategies and equipment
are not meeting the client’s needs. Classical
HYAC solutions are the problem

‘ They are primarily constructed around energy intensive processes

Reliance on ventilation reduction isithe primary; cause of air
quality problems

Recireulation compromiszes indoor air quality and energy
efficiency

They place indeor air quality and' energy conzervation goals in
tundamental contlict

\ § New HVAC system strategies are needed. . better
« | engineering s required

W Evaporative Cooling:

> |
W Conclusions (Part 2)
oy
~ & Truly “green” HVAC systems are attainable with
simple technologies that are readily available
% Benefits of these “green” systems
Competitive construction costs
improved indoor air quality:
reduced energy consumption
reduced heating/cooling plamnts
easy (o maintain
& Both Direct and [ndirect evaporative cooling are
simple, reliable processes which will take you
where you want to 2o
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Geothermal opportunities for ESPCs

Presenter: Mr. Mike Lemmon. LSB Industries.

Opportunities for Geothermal Applications
in ESPCs

Mike Lemmon
Senior Account executive
LSB Industries
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Introduction

= LSB Industries is a provider of hydronic equipment
and solutions

= |EC fan coils, Climatemaster heat Pumps,
ClimaCool modular chillers, and ClimateCraft air
handling units in federal buildings around the world

= We are not an Energy Service Company but work
with Energy Service Companies to provide HVAC
solutions through our Climate Control Group

Objectives : Opportunities for Geothermal

= The Technology

= Side by Side Comparison of Geothermal and a Central
Chilled YWater VAV System

= Economic Hurdles for Geothermal

= Hybrid Energy Saving Solutions
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Geothermal in the Summer
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Commercial Vertical Loop Application

Other Ways to Reject and Recover Heat...
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Issues That Geothermal Addresses

= Energy Mandates

= Mechanical Room Space constraints

= Changing Building Occupancy Patterns

= Existing Building space and design constraints

= Year Round Conditioning of buildings and Zones
= Terminal Comfort and Control

= Indoor Air Quality — Humidity Control

= Comfort, Morale, Building Aesthetics

Comparison of Geothermal with a
Conventional System

Garrett Office Buildings
Edmond, Oklahoma
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Geothermal Building
20,000 Sq. Ft.

VAV Building
15,000 Sq. Ft.
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Geothermal Building
Floor 1 Plan

Wi Ra ptroom
Future Tenant Anim

M Rertroom

Plwchuniad s

Geothermal Building
Floor 2 Plan

O TTT T

1

W Re rtroom

Open OMas Ared
[modular 1y rtem )

M Rentroom

Conterenas

Racaption

\

I A
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Floor 2
Conference

Floor 2 Private Office
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Floor 2 Open Office Space

Geothermal Building
Floor 2 Heat Pump Zoning

HH-15

T

i

HP-9,10

P-11
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Typical Heat Pump

Geothermal Building
Floor 2 Heat Pump Supply Ducts

bll]
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Geothermal Building
Floor 2 Heat Pump Return Ducts

......
llllllllllllll

__ d
L1l 1]

Geothermal Building
Floor 2 Ventilation Ducts

..........

..........
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Loop Field Overview

Geothermal Building
Loop Field Site Plan

A0 T
~ S
Pl I N
T




ERDC/CERL SR-04-26

327

Loop
Field
Details

|
N
7
TS

o
3 PEDam k Z PEZoke SAppky Head: 1 - Retiry Smiar
pRhg bask T
ieadk

Mokes:

- A0b  orez on A botce vk rs each with 3 PEpips

- Short header man hokd I cere T oteach kopzowe of 10bons

- E3ch bore mast b2 the £23me obe @l pipe kgt thr baEiced i
Collexcess ppleg I tie beader e nch)

- Loop Zowe £ ppkiand RS done I same Bk

- Bores msthe groved wie s compked

Geothermal
Mechanical
Room
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Geothermal
Mechanical
Room

"
e
™

i
el

i
]
i

Geothermal Building
Floor 2 Heat Pump Piping Zone 3

————m
™
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Floor 1 Heat Pump Piping

f
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Garrett Office Buildings
Highway View

Geothermal Building
Roof View
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VAV Building
Roof View

VAV Building
Central Air Handler
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VAV Building
Air-Cooled Condensing Unit

VAV Building
Boiler Room
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Garrett Office Buildings
2000 Energy Consumption

VAV 15,000 ft~2 Geothermal 20,000 ft*2
Month GasMcf | Elec kwWh GasMcf | Elec kWh
Jan-00 36.2 12,400 0.0 9,920
Feb-00 21.0 14,720 0.0 10,880
Mar-00 5.9 13,800 0.0 9,960
Apr-00 43 15,760 0.0 10,120
May-00 3.5 17,920 0.0 11,600
Jun-00 4.2 18,560 0.0 12,400
Jul-00 3.2 21,280 0.0 13,120
Aug00 3.2 23,520 0.0 14,480
Sep-00 3.2 18,720 0.0 11,120
Cct-ao 11.2 16,080 0.0 9,840
MNaow-a0 219 12,720 0.0 10,350
Dec-00 59 .4 13,600 0.0 13,600
Total 188.2 198,880 0.0 137,400
$ Cost $ 1,882 % 17,889 |$§ $ 10982
$ifte2 1.32 0.55

Garrett Office Buildings
2000 Energy Consumption Profile

Equiv.
kwhta2

e

/

\’/

Nped

-

P i

Jan-00 " Fob-00"Mar-00' Apr-00 'May-00" Jun-00" Jui-00 Thug-00"Sep-00" 0c1-00 "Nov-00'Dec-00

Maonin

e VAN el Geothenmial
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Garrett Office Buildings
Installation Costs

= Geothermal System circa 1998

= Complete exterior loop, mechanical room, interior PE piping, flushing and
unit startup, heat pumps, duct work, exhausts, MUA system, time clock-
based controls

= $128,700 ($2,574 per ton)
= VAV System circa 1987

= air-cooled condenser, VAV air handler, boiler, VAY boxes with reheat
coils, economizer, electronic controls

= $100,000 ($2000 per ton)

= costs per building owner do not include structural or architectural

Economic Hurdles for Geothermal

- Projects to Date — the tests are over
- Results — are here!

- Do the Savings generate enough cash flow for a
self-funding ESPC?

- Is geothermal an economic win?

- Mitigating the project and performance risks — a
sensible approach.
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Future of Geothermal in ESPCs: Hybrid
Geothermal Systems

Continued Use of Close — Loop Vertical Systems

Hybrid systems consisting of Geothermal and a peak demand
shaving technologies

Central Bore Fields with vertical heat exchangers, production/ re-
injection wells

Distributed Pumping

Combined Heat and Power or Thermal Energy Storage or
Injection well system

Geothermal with Existing Hydronic Systems

= Combined Benefits

= Benefits of Geothermal Heating / Benefits of Hydronic Heating:
= Greater comfort than forced air
= Energy savings over forced air

= No air movement in heating (less dust)

Greater flexibility in zoning

Lowers heat loss
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Delivery Systems - Heating

Radiant Floor
Baseboard radiation
Cast iron radiators

Fan coil units

Various Configurations of Geothermal
Systems

Water-to-water unit's - heating only

Waterto-water unit's for heating; water-to air
unit's for cooling

Waterto-water unit's for heating and

cooling (with fan coil units)
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Water — To — Water Geothermal with Existing
Fan Coil Units

To [From
Fan Fan
il il

Unifs)  Unikis)

NOTE: Mrore thsn tnoool urit s i retalled,
by pass valve must be i relled oneach
& ik bo by paess. ool when fsfatiz notestling

[Finorn
[Floor
Te
HE ==cC
A
st i
%, i =upply
-G mmaala i i
: -
Lo} sht
= Backiiow
= (hig) pressnter
2 @@
[ TH| WA Uit

=N BT /l/
R port

Geothermal and Boiler — Extended Capacity

Frarm Fioar

Ta Floor L m:l_ l
= Sy
Mg walve cup
required on T
e cordensing
brcalers.

[ ] i wen
—WHIF@—'IP%

| From W-@ unit
To W-W unit

ASM.E Buffes TankI )

:
|q§a% 1

Boller

E:

*Backup boiler is for capacity, not
for higher water temperatures.
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Geothermal and Boiler — Extended

Temperatures
ind -

required on
e o rdansing

Ecilars [ s wtant

||

T

t

ASME. Buffer Tank - _||§

Boiler

oF]

L !l | Firovmn W0 unit
To W unit
]

*Backup boiler is for capacity, not
for higher water temperatures.

Heat Pump Technology and Combined Heat
and Power:

=  Combined Heat and Power
= Reciprocating Natural Gas Engine
= Micro-Turbine

= Fuel Cells

= Heat Pumps can be the key to providing enough thermal load to
meet the economics hurdles of Combined Heat and Power.



ERDC/CERL SR-04-26

339

Hybrid Heat Pump / Combined Heat and
Power

Thank you for your time and participation!
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Case Histories Utilizing Total Energy Recovery for Preconditioning
Outside Air

Presenter: Mr. Douglas Haas. SEMCO Incorporated

Chiller and Boiler Capacity Reduction Utilizing
Total Energy Recovery Wheels

Douglas Haas

Chicago, lllinois
October 8, 2003
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Key HVAC Market Drivers

+ ASHRAE Standard 62-2001 Ventifation for Acceptable Indoor
Air Quality.

+ ASHRAE Standard 90.1 Energy Efficient Design of New
Buildings Except Low Rise Residential Buildings.

» Energy Policy Act of 1992 (EPAct) which codifies ASHRAE 90.1
into law.

+ International Building Code - Establishes specific cfm
requirements for specific applications.

ASHRAE 62-2001 I1AQ Standard

* Purpose: To provide adequate dilution ventilation to occupied
spaces and insure a healthy indoor environment. The outdoor air
must be provided to the space continuously when occupied.

* Impact: Increases the amount of outdoor supplied to most facilities
by a factor of four (20 vs. 5 cfm/person). Recommends 30-60%
space RH. Major impact on the performance of conventional HVAC
systems.

* Link to Energy Code 90.1

* Trend: New body of research is supporting the need for increasing
the ventilation rates even further to 25 or 30 cfm/person (ie: OSHA,
U.S. Airforce, DOE Schools Investigation).
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ASHRAE 62 Presents Problems for Conventional HVAC
Equipment

» Increasing outdoor air elevates latent loads during the cooling season, making
humidity control far more difficult. Sensible heat ratios of .55-.65 are required,
far below the .8 SHR delivered by conventional equipment.

+ Since the outdoor air must be provided continuously, humidity control
problems occur when the coil is cycled off since humid air is dumped directly
into the space.

« During the heating cycle, cold air is dumped into the space, creates drafts and
low indoor relative humidity. Risk of freezing coils on cold days.

+ The energy cost associated with conventional systems with increased outdoor
air can be very significant (Life Cycle Cost).

A Significant Difference in Savings: Total Recovery vs.

Sensible Only
e a. e s vs?s Ern) 10,000 CFI:Hystem
Face Velocity Face Velocity in 5t Louis
20 — 20 — $20K —
70— LE — F1IEK —

60 — Lo — F10K —|

/]
<

$5K —

T T T T T
400 TOD 1000 400 TOO 1000 Different Technology

Face Yelocity Face Yelocity Ofpiona

. Total Energy Wheel . Heat Pipe
. Plate Exchanger I:I Run Around Coils
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How It Works: 2-3. Outdoor Air is

(Cooling Season) Cooled, Dehumidified then
Supplied to HVYAC System

4. Exhaust Air is
Pulled from the Space

1. Fresh Qutdoor {Cool and Dry)

Air (Hot and Humid) is°
Passed Through the
Wheel

5-6. Exhaust Air is Heated and
Humidified then Sent Outdoors

Typical Total Recovery Performance
Buffers the facility from outdoor air loads

Cooling Mode Heating Mode

Exhaust Air Return Air Exhaust Air Return Air

94DEG | [ | TG 47 DEG | - 2 DEG
105 GR. | 67 CR. 33GR. | | | 4% CR.
65 DEG
44 GR.

e 80 DEG 40 DEG i
| LTI GR. 30 GR.

Qutdoor Air Supply Air Outdoor Air Supply Air
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Why Controlling Relative Humidity is Essential to Avoid
Microbial Growth

70% to 100% relative humidity

is usually the most
practical means to
stop fungal growth.

% Maintaining the
Organies ) indoor relative

p o) humidity below 70%
and dust m

TEMPERATURE

Adpted Foom Bakss H. 199 “Flek Test of aDestotant. Based WG
ﬁﬁ"l: 3 al]"l: System TrHOLE", ASHRAE Transactuns voL. 35,L. 1, Atlants: am
g0, 07 Heatiim, ReTheratng and Av Guditonim Emneers, Nc.

Indoor Humidity vs. Operating Mode:

Conventional packaged HVAC with & without Desiccant Preconditioning
{Cooling Season)

100

Mede1:
Fan Condimaneus

i & CFN Student) |
\ Mold Growth
0 S Above this

Mode :
i Fan Cyded wifh Cocling Lewvel

60 — & Heating

Percent Relative Humidity

{Aciual Fidd Test Data, GTRI Willis Foreman School Study) =
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Conventional HYAC units are designed to perform with:
s Minimal outdoor air {15%)
e High sensible heat ratio

Cooling Tons
Coil 25 —
Sensihle
Ouidoor Air Mixed Air Supply Air
85deg. 5 Tédeg S5.5deg i
110 e 81 o g
180 ¢ 30.0 BTU. 23.3 BTU. L5 —|
1200 cfm '
(*Usinz a
t 3 Torﬂ)gnit) 19—
Return Air :
T4 deg. Latent
T5
0% 5—
1020 cfm

Comfort Conditions Acceptable, Sensible Heat Ratio
Relative Humidity Borderline, High (.75)
Minimal Outdoor Air Velume (15%)

Conventional HYAC units do not perform well with:
o Increased or continuous outdoor air
o High latent to sensible heat ratios

Cooling Tons
Coil 2.5 —
Outdoor Air Mixed Air Supply Air
2.0 — S ihle
85deg. ; Todez 640deg. i
110 gr. 101]%. 35%{i
450 cfm 35.0 BTU/Th. 28.5 BTU/Th.
1200 cfm
(* Using a
3 Tnl:]}?n.it)
Return Air
75 deg,
97 o
Ta'v RH
T30 cfm
Comfort Conditions Not Sensible Heat Ratio
Acceptable, Humidity Low (.58)

Unacceptable, Outdoor Air
Volume as per ASHRAE (38%)
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Why Outdoor Air Must Be Supplied Continuously

Hydrocarbon Contaminant Levels

go— tlewvels measured in classroom)

Comtamimamit levd at € dfrsnhodent
of addoor air, convendional HVAL
;ymnso;puaﬂhgmhmmﬂmﬂy

Ceomatarnimamt level s 15 dosiudend
of onbdoor air, EXCLU-STIEVE™®

precondilicner operating condinuwoushy

&0

40

30

20

Hydrecarhon Levels
parts per million (PP R)

_ Guideline
Limit

70 8:00 9:00 10:00 1400 12:00 1:00 2:00 2:00 4:00
Time of Day

Figere | Goomiz Tech M Qibest eaults docwment the mecd Br the ASHRAE Stardard i sohod! Soilifes.
Niote the oiferenee in e eguied o peme corleamingmts amd the lewe! of Al up with irlemrittent ooeshion.
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Fluted Media: Face Coating

Evolution of Energy Recovery Wheels: “Brillo Pad to
Molecular Sieves”

Evolution of the Energy Wheel State of the Art Technology

1950 1960 1970 A 1980 zr 1990
T 3 A Molecular Sieve
L . Total Energy Wheel
Metal Mesh Oxddized Aluminum First Wheel to Eliminate
Wheel Total Energy Wheel Diasincant Cross-confamination,
Temperahre Ouly, First Metal Total Energy also Increased Pefonmance
Fivst Wheel Solved LiCl Problems
Ashestos Paper Silica Gel Aluminum
Wheel with LiCl Total Energy Wheel
First Total Enerzy First Metal Total Energy
Desiecant Wheel to Use an detual Desiceant

Salwed the Conosion Problems
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Molecular Sieves: How does it work?
Summertime Operation

Water vapor in supply air stream is
adsorbed on the desiccant.

Molecular sieveisa man
made material with
controlled pore openings
to adsorb only certain
type of yapors and
[ases.

° O
Because the vapor pressure in the colder exhaust alr' % N et ,—H
stream is lower then the water vapor pressure on the St __,_ ._:IJUB opening
desiccant surface, the water is desorbed and exhausted h ; X
hack to the outside. )~ H--"’-"_‘f -y

Molecular Sieve Desiccant Coating
(SEM 10,000 X)
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SEMCO Wheel is Designed for Reliability and Structural
Integrity

34 Molecular Sieve
Coated Aluminum Media,
Each Section Removable

Tubular Steel / : |
<]
2

Frame Designed

for Mo Wheel Deflection
Allowing Effective
Mon-contact Labyrinth

Seals

and to Ensure Structural Integrity

Extruded Tubular Aluminum
Spokes, Hub and Rims, Sectioned
U Media to Allow for Replacement

Wheel Cassette:

Bef_ore Media Installation Complet_e Cassette

[
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Purge Assures No Re-entrainment

Supply
Air

p \ A portion of the
rb outside air

stream is used to
flush out the
contaminated
return air still
contained in the

e

Outside flutes of the
Air wheel
Exhaust @

Air

FV Series: How it Works

Exhaust Air
(C) 83°F, 98 gr/lb

Outdoor Air J

(C) 94°F, 112 grvlb

Supply Air | 1CY75°F, 67 arflb

(C) 81°F, 82 gr/lb
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Applied Systems Overview

EPCH Solution

Exhaust e,

ar 4

Return
Air
Supply
Dutside Alr
Air

840

Heating
Cail (OFF)

Coohng
Cail

112.0 Energy
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EFD Solution

- Temp (F)

Exhaust - W - Grains
ar

Returr

Air
Supply
Outside &
Alr

Cooling
Coail

Sensinle
Only
wheel

Energy
Wheel

Total Energy Recovery
Case Histories
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Only SEMCO has the expertise to produce both total
energy wheels & systems

Georgia Tech Olympic Dormitory
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Georgia Tech — Energy Recovery Details

= 43,000 cfm of outdoor air through 4
EPD systems

* Dehumidified outdoor air (cooling) and
humidified outdoor air (heating)
delivered at a space neutral
temperature

» 7 years of successful operation

Georgia Tech — Cooling Mode (EPD)

75.0 REEUEGE

Exhaust . - Grains
ar 4
Returr
Air

Supply
Outside Alf
Air

Total

Sensible
Energy Only
Wheel Wheel




ERDC/CERL SR-04-26 355

Georgia Tech — Benefits Recognized

+ Economical application of constant volume, 100% outdoor air system
to deliver preconditioned ventilation air to the corridors.

*+ Decoupled outdoor air and some space latent load from conventional
room HVAC units, improved space humidity control.

« Significant reduction in first cost, operating cost and life cycle cost.
Provided exceptional ROI.

* Reduced chiller/boiler capacity requirements.
* Free heating season humidification.

CORPORATED

Georgia Tech — Economic Summary

Annual Energy Savings First Cost Comparison
Summary Summary
Convendiomal EXCLU-FSIEVE™DS Comovrendicmal SEMCO EFD
Ehergyr Cost. Cost of 3 Ererzy
for onztdoor afr 80 670 vear 22 B30 vear Fecowery or AHTT 1,700 202 900
heating amd coolig Precorditioners
Danand Charges Fetallatice
ey e $2F 420 vear $13 020 veax Dt $63 500 $69 000
Total Erergy Chiller, Cooling 1 200 6 000
oot $103 000/ vear $35 $50veax 5 e $171, $66,
Energy Savings wifh Total 7 240 Chilled Water 40 3,000
Energy Precondifioning 307 0o Pipingz Credit - )
HOTES: i ch‘so zﬂm‘ $316 400 $304,500
1. Supply air 43 000 ofin, exbust air 28 200
2. Electric cost i FOSSEOWH, gae o 355/ Thenn
3. Based on a 24 hofday, 7 dgrderesls operation 3 i
4. Acannes preheat to 68 degf. during wirder writh huot wrater E;;ECLU:.]EEV_E $11 500
5. Asannes cooling to 52 degf. during cooling seasor writh First Cost Savi '
reheat to 63 degf. e

CORPORATED
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Applying a SEMCQO Total Energy
Recovery System to a Large
Office Facility:

Analyzing the Decision After 10 Years of Operation

1100 Peachtree - Project Specifics

+ 33 Story Headquarters Facility in Atlanta

+ Designed to Meet ASHRAE 62-89
Guidelines

+  Required 52,000 CFM of Outdoor Air,
31,000 CFM of Exhaust Air from Toilet
Areas

+ Utilized Desiccant Based Total Energy
Recovery Preconditioning

+ Preconditioned Outdoor Air Delivered to
VAY Air Handling Units Located on Each
Floor
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1100 Peachtree — Benefits Recognized

» Reduced annual energy consumption by $51,000 while maintaining
IAQ.

* Reduced project first cost by cutting chiller capacity by 137 tons
and eliminating a 600 KW electric preheating coil.

* Maintains a constant delivery of outdoor air to occupied spaces as
the VAV system modulates the amount of return air.

* Free winter time humidification, reduced cooling coil condensate by
1,300 Ibs/hr at design conditions.

Schematic:
Supply Return

« Conditioned outdoor air leaves | i Oi v

the TERS and is delivered to (1)
the VAV units (1). i
* The VAV unit mixes 5 B
recirculated room air (3) and : :

AHL-A 4—@ @—.>

outdoor air (1) and delivers it ! -
to the space (2). SISO :
+ Air from toilet areas and ! oo ¥ i

janitors closets pulled through

¥
=
=
5
ra

the TERS and exhausted (4). ) Pa— o
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Independent IAQ Investigation Supports the ASHRAE

62 Guidelines

Carbon Dioxide (CO2)

1000 =— —— — E
co2 E
= Guideline Limit 5
2 800 A
i ]
(A
g 4
= E
«E 600 a
= E
4l]l]‘—|—’— é
5 cin/Person
20 cinPerson
with TERS

Volatile Organic Compounds (VOC)
5000—
4000~

voc

3000 Guideline Limit
2000
1000

H |
Monday Morning 20 ciinperson
Effect with TERS
5 chinfperson

1100 Peachtree — Economic Summary

Annual Energy Savings First Cost Comparison
Summary Summary
Comventional TERS Comventional TEES
Sy Prv di thoming Syziem Precondifioning
Energy Cost Cost of Energy
for outdoor air | $45E004ear $23.400/ear Recoverror AHY  $56,000 $110,000
heating nd coolys Preconditiconer|
Diemand Charge: Installation
for ontdoor air $36,200/year $7.200/yeax Dructerork $23,000 $23,000
Tatal Ensrgyr Chiller & $9L.000 $43.000
Cost i Cooling Tower| (260 1oms) (123 oms)
Energy Savings with Total|  5z9199 Electric Preheaf  $7,000 $0
Eiisrgy Piieandiianing kikloses Coil (GOOKW) (OKW)
HOTES: T"“lé‘;tt“”“’*”' $182,000 $176,000
1. Supply ar 52000 cfin, exhaust air 31,200
2. Electric cost is 3.00FWH phas $8205 demand chapze
3, Based on 212 hefday, 5 dayhereclk cperation
e e e e[| et Ene ey Besave
7 : ; Preconditio ning $6,000
5. Asmmes cooling to 58 degf damng cooling season) Foist Coot S avTgs
6. Savings would have been greater had exhanst equal|supp ving
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Interview with Building Engineer

» Rated overall performance as excellent, minimal
maintenance, high reliability.
* Maintenance required:
& Quarterly filter changes;
& Semi-annual inspection of belts, gear reducers;
& Annual bearing lubrication.
*  Would highly recommend this design approach for future
buildings.

Problems Over 9 year History

* Low cost substitute filter pulled out of filter rack during driving
rain and damaged wheel media requiring replacement.

* ‘\fane axial fan required service one time for worn part.

» Rebuilt one energy wheel gear reducer, replaced belts two
times.
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1100 Peachtree — Evaluation Summary

» Benefits promised by the technology at the design phase have
been recognized over time at the 1100 Peachtree Building.

* Air quality within the building is excellent.

+  Owner has saved approximately $500,000 in energy cost over
the life of the project.

* No degradation to recovery performance over time (checked
after 6 and 9 years).

Source for Additional Information

= Office Building IAQ Investigation

& ASHRAE |AQ’91 Proceedings: Healthy Buildings,
“Does a total energy recovery system provide a
healthier environment?” Pages 74-76. C.\W. Bayer
and C.C. Downing
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Johns Hopkins Ross Research Facility

11 Years of Successful Operation

Ross Building - Project Specifics

= 300,000 cfm of combined
laboratory/hood exhaust

= 10 air changes per hour, constant
volume system

» Eight SEMCO 3A molecular sieve
coated total energy recovery wheels
(14’ diameter)

* 11 years of successful operation
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Ross Building — Benefits Recognized

+ Economical application of constant volume, 100% outdoor air
system to laboratory (preferred by the Head of Health and Safety).

= Significant reduction in first cost, operating cost and life cycle cost.
Provided exceptional ROI.

* Reduced chiller/boiler capacity requirements allowed for the use of
central plant utilities.

* Improved humidity control, reduced condensate on cooling coils by
65% and size of steam to steam humidifiers.

= Resolved “freeze-stat” alarms with frozen coils.
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Ross Building — Cooling Mode

Exhaust Air
290,000 cfm

92°F
108 gr.

2

QOutdoor Air
300,000 ¢fm

*

Return Air

T5°F
68 gr.

From Laboratories

95°F 83°F 52°F
115 gr. 79 g 54pn

CHILLED HOT
WATER WATER

Supply Air
To Laboratories

65°F
54grn

Ross Building — Heating Mode

Exhaust Air
290,000 ¢fm

20°F
15gr

Qutdoor Air
00,000 ¢fm

75°F
68 gr.
Return Air
FFrom Laboratories

10°F 61°F 65°F
S5grn 55¢en 55 gr
HOT HUMIDIFI

WATER

Supply Air

I'o Laboratories

65°F
65 gr.

ER
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Ross Building — Economic Summary

Annual Energy Savings First Cost Comparison
Summary Summary
Conventional | EXCLU-SIEVE™ Comventional | EXCLU-SIEVE™
System Preconditioning System Preconditioning
Enerzy Cost Cost of Energy
for outdoor air - |$1,070,5001yT. $503,300/yT. Fecovery or AHT $450,000 $1,056,200
heating and cooling Preconditioner
Demand Charges Installation!
e | $151,8004p. $73,800/yx. ey $235,000 $295,000
Total Energy Chiller & $3,158,400 $1,536,000
1,222,300/yx. 577,100/ s128 +236,
Cost Slzes e L Cocling Tower | (2632 tons) {1280 tons)
FEnergy Savings with Total $645,200/yaar Boiler and $286,300 $71,400
Fnergy Preconditioning * e Fiping {18 HP) {204 HP}
HOTES: Tagel (I:“s'iaumm $4,129.700 $2,959,300
1. Supply air 300,000 cfin, exhaust air 280,000 i
2. Electric cost is $.04500WH, gas at $.45Therm
3. Based on a 24 hadday, 7 dayfareelk operation STEVERS
4. Eeheat to 75 degf. duning winter with lrnidification TCL s. I
3 5 i Preconditioning $1,170,400
5. Asaumes eooling to 52 degf daring cooling season Fizst Cost Savi
&. Demand charges are $14.42 from June to September

—— Pt
NCORPORATED

Ross Building — Life Cycle Analysis

» SEMCO total energy recovery wheels resulted in a first cost
savings of $1,170,400.

* Provided a positive present value cash flow of $6,959,600 based
on 20 year life cycle.

* Wil provide estimated energy savings in the amount of
$15,307,500 over the 20 year life cycle analysis period.

Assumes: inflation at 2 5% and cost of capital of 10%, no taxes
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Energy Saving with Demand Controlled Ventilation

Presenter: Mr. David Scheidler. Plymovent

Energy Savings
with
Demand Controlled
Process and General
Ventilation

Systems

David Scheidler
PlymoVent Corp, USA
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WORLD WIDE ENERGY DEMAND IS UNDER
ATTACK!

Not since the OPEC oil embargo has the world’s energy

supply been in question.

The war on terronsm and conflicts in the Middle East wall

mnevitably raise energy prices.

The failure to continue to explore alternate energy sources
in the past two decades has continued the demand on fossil
fuel energy to supply most countries electric power needs.

HOW WILL YOU HANDLE THE ENERGY COST INCREASE ?

HISTORY REPEATS ITSELF.

IN THE LATE 70°S THE OPEC OIL. EMBARGO DOUBLED

MOST ENERGY CORSTS.

1979 gasoline costs in the United
States w ere .37 cents per imperial
gallon prior to the oil embargo.
1980 gasoline prices drastically
rose to .95 cents per imperial
gallon.

This inerease in fossil fuel demand
left the US consumer with an
increase in energy costs which
dramatically effected corporate
profits and inflated the general cost
of living.

Energy prices rose nearly tripled.

Winter of 2001, gasoline costs in
the US were $1.00 per imperial
gallon. This meant there was little
merease in the change of the price
of crude oil from the vear of 1980
to the winter of 2001.

Summer of 2001, gasoline cost in
the US rose in less then 6 months
to a $1.75 per imperial gallon.

The result of this dramatic increase
has directly effected corporate
profits, initiated surge charges
for peak demand users, and states
like California created ro]]]ng
blackouts and interruption of
POSWer.
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DEMAND CONTROL VENTILATION IS A
SOLUTION FOR SAVINGS.

Process ventilation applications General ventilation applications
+ Indoor air quality control
Welding processes »  Vehicle emissions control
+  General exhaust

+ Displacement ventilation

PROCESS VENTILATION
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DISPLACEMENT VENTILATION

EXHAUST VENTILATION
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/DUST/ODORS VENTILATION

-1 A et IS I

PROCESS VENTILATION WITH HEAT RECOVERY

ErI Exhaust Air

General ventilation
with heat exchanger

Air Supply

Frequency Inverder

7

P

I

polaiil o

Supply Air

)

Robot Welding i Extraction Arm  Multi Dust Bank Fan
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MACHNE TOOL PROCESS WITH DEMAND
CONTROLS

usa-MWmonie.av

TYPICAL CONTROL SENSOR TYPES

Pressure differential sensor
Infra-red Light sensor
Inductive electrical sensor
Particulate sensor

Relative humidity sensor
CO sensor

Hydrogen sensor

Temp. sensor

And many others
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PEAK DEMAND EVALUATION

When designing a demand controlled ventilation system
it is important to evaluate the peak demand usage factor
of the system.

High demand - small ventilation systems or robotic systems
usually exhibit higher peak demand.

Low demand — large manual or semi-automatic systems
usually exhibit lower peak demand.

Fxample of demand :

1-2 workstations - 90-80% usage
3-4 workstations - 70-80% usage
5-8  workstations - 55-70% usage
10+  workstations - 45-50% usage

HOW ARE SAVINGS ACHIEVED ?

Lower energy consumption — energy consumlption is reduced since the

ventilation system only operates when required by the demand of the process.
It will also operate onfy for the designated air delivery which is required by
process demands.

Lower maintenance costs - maintenance cost will be reduced since the
system will not be required to operate at 100% capacity at all times. This will
reduce the quantity of filter elements and their frequency of replacement.

Lower operating costs — operating costs will be reduced by more efficient
energy saving blower motors which in turn are energy managed by demand
controllers which are interfaced with frequency inverters.

Lower installation costs — installation costs are reduced by reducing the
overall size of the system and its related com;imnents such as electrical wiring,
motor starters, size of ductwork, and the need for fire suppression.

Lower initial purchase costs — since few manufacturing processes operate at
100% demand, a savings will be achieved by reducing the overall air volume
of the system and its filtering systems.
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Controls, schematic drawing

Beneral Exhows Asr

Fraquency Invens:

[PELsiine Hote Pasitulé Trahirmines

General venblstan 1
Muls Cust Bank with heal exchangsr @ Fan

? Eshaust A

A FM%, >< #ar Supply
| Avtamatic Cuarrper ’/ !
\ Automatic Damper Automatic Darrper

Pressure Hose

| |
ol oy [felof |
Pristure Tranpmdter | Pressize Transmile:
! ! l:l | Frequency |mensr
| F

i H S Fnmguency irsaner
sansarl e sensr!

| 0
[

Welting Exhaust Weldng Exhaust Weldng Exhaust

Energy Saving Analysis

Average termperature on location © B degrees
Ambiert air temperature -15C

Two shift operation hours 3520h

Y ear hours Rl
Eneray required to heat 1 m” air 1 dearee 0,348
Min. reguired efficiency on heat exchanger a0%

Without controls and  VWith controls and Wiith controls and
heat exchanger w/o heat exchanger heat exchanger
Airflow per Hours Ll=age Total Lsage Total  Usage
Pcs point m3th  fyear % airflowdh % airflowlh %
Extraction arms manual welding a 1000 34520 100 A 000 30 1400 30
Suction tables manual welding 24 1800 3520 100 43 200 ] 12 860 30
Suction hoods rohot wealding a 1800 3520 100 14 400 a0 11 520 an
General ventilation 1 28000 BVED 100 28 0on 100 28000 100
Total airflow 40 Go0 a3 880

Ernergy consumption per vear process ventilation 1 063 000 445 885
Erneray consumption per vear general vertilation 1195 000 1195000
Power consumption on fan motor 497 340 419724
Total 2785340 2 050 BOS
Sawings with contral equipment 634 731
Sawings with control equipment and heat exchanger
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WELDING PROCESS WITH DEMAND CONTROLS
AND NOTIFICATION SYSTEM

QUESTIONS FROM THE AUDIENCE
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THANK YOU FOR YOUR
PARTICIPATION.

wlutz(@plymoventusa.com
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A Robust Tool for Screening. Tool for Combined Heat and Power
Technologies in Today’s Energy Marketplace

Presenter: Mr. William Ryan. University of Illinois in Chicago, ERC.
UIc University of lllinois
at Chicago

A Robust Screening Tool for CHP

Technologies in Today’'s Energy Marketplace

Midwest CHP

What is a Screening Tool?

* First Look at a
CHP Opportunity

— Is Proceeding to a
Concept Design
Justified?
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How Does it Need to be Structured?

» Quick and Easy-to-Use

» Handle the Level of Detail Available on the
Application

— Might Be a Basic Architectural Description of a New
Building, or

— An Existing Building with a Historic Record of
Energy Consumption

+ The Market Today Expects More Accuracy and
Sophistication in Screening Tools than in the
Past

U I University of lllinois
at Chicago

What is the Most Common Pitfall of
Existing Screening Tools

» Averaging !
—Energy Analysis Often has this Inaccuracy

—In CHP or any Heat Recovery System — It is
Lethal

» Unfortunately — It is Also Nearly
Universally Done

u I University of Ilinois
at Chicage
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Prove It

« Simplified Example

» A Continuously Operating CHP System
is Rejecting Heat to a Space Heating

- _ To Electric
——Electricity Loads

Hot Water . To Hot Wate
240 F Max Water Loads
Cooled
Exhaust—» Silencer

-Flue Gas

Feedwater
Pump

Ulc Universit  Gas Engine Generator
at Chicag

Heating Load Per Month

» Simplistic Programs Start with the Total Monthly
Thermal Loads

1400 Total Heating Load

K |
1200

1000+

800+

MMBtu/Mo

600 1

400+

2004

Jan Feb March April May June July Aug Sept Oct Nov

Dec
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Average Heating Load

Average Heating Load

1.40 1

MMBEH (Million Btu/Hr)

0.20

0.00

1.204
1.00
0.80
0.60

0.40 1

This Amounts to Assuming the Heating Load is Split
Evenly Across the Month

1.800 Average Heating Load
1.600-

1.400 4
1.200

1.000 1

lion Btu/Hr)

E 0.800 -
= 0.600-
=

= 0.400-

0.200

0.000 -
Jan Feb March April May June July Aug Sept Oct  MNov Dec

Lets Take a Look at December and Assume that the
Recovered Heat Output Capacity of a CHP System
Equals the Average Load in December

O December Average Heating Load
B CHP Recovered Heat Capacity

Averaging
Programs Have No
Choice But to
Assume the
Recovered Heat
Meets the Heating
Load

Dec
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Nothing Could Be Further From the Truth !!

» Hour-by-Hour Heating Load (DOE-2)
» The Heating Load Varies Widely Throughout the Month

MMBtu/MHour

8 -

1| Heating

Average

Load

a7}

[l

Hours of the Month

Evaluating Hour-by-Hour

» Assume CHP System Generates Constant Electric Output

» The CHP Heating Capacity Can Meet this Portion of the
Heating Load

MMBtuwHour

3_

?_

6 -

o
1

=
[l

s
1

Continuous
CHP Heat
Qutput

Heating Load
Actually Met by
CHP System

LI PP )

Hours of the Month
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Some of the Heating Load Cannot be Met

» Boiler System Must be Called Upon Heating Load
to Meet the Remainder of the Load in That Cannot

High Load Hours Be Met by CHP
8 - System
Continuous
71| CHP Heat
. | | Quiput
5 -

MMBtu/MHour

Hours of the Month

And in Low Load Hours

= Some of the Heat from the CHP CHP Heat Output that
System Must be Dumped Cannot be Used —
Dumped to Radiator
3 -
Continuous
77| CHP Heat
. | | Qutput

L2]
1

N
1

MMEtwHour

=
1

118

Hours of the Month
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MNet Effect

» Averaging Analysis has No Choice but to Base Projections
on Average Loads and Average Equipment Capacity

— The Over-Projections Can be Quite Large

» A CHF System Following the Electric Load May Make this
Worsel

— In Commercial Building :

— Electric Loads and Heating Loads Hour by
are Negatively Correlated Averaging Hour
Analysis Analysis

|T0ta| December Heating Load " 1088 " 1088 |

[Heat Produced by CHP System | 1088 || 1088 |
|Load Met By CHP |L_1oss || 631
[Heat Required from Boiler || o | 457
|cCHP System Heat Dumped I 0 | 454 |

Why Is This Averaging Done

» Actual Hourly Loads are Rarely Available
—Would Not Be Useful Anyway

—Loads Must be Corrected to Average
Weather Years

u Ic Univarsity of Illincis
at Chicago
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What is Needed

* Hourly Analysis Must Have an Hourly
Simulation Engine (Like DOE 2)

* Problems
—Reputation for Complexity
—Must be Matched to Actual Building Data

B\ [=T<Te
—Package That Makes This Easy to Do

U Ic University of lllincis
at Chicago

Packaged Analysis

» Hour-by Hour DOE 2
Analysis Engine {

Input Values

\
Easy-to Use Typical Building
Input Screens Layouts

Typical Default
» Simple to Use Front
and Back Ends [ |

= Highly Adaptable by DOE2 |
Adding New Equipment { EF:L?;?I:E&?I[ }—- Calculation

Components Library Engine
— DesiCalc 1997 r
— Gas Cooling Guide 1999 Packaged Ca'g:::;’;‘ %
OQutputs Reports Corsiimetion
— Building Energy st Cherts *History
Analyzer 2002
Packaged
Economic
Analysis and
Report

— A
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Front Screen

¥ BEA - PG - Input Module File ;
File Edit Help

BUILDING ENERGY ANALYZER
State mcrxm N;cinsFlel;ll— W sqft RetsdStore; t.story siabon
Ciy [Crcogo. L 7] Gesi oy Bulbean-Concded i'rﬁmmm F

Basel_ma l:onhgul nlron | | Mlemallv& [.'mllgmalmn

[Electic: Chicago CommEd Schedle 6] Elechic |Electic: Chicago CommEd Standby Rate 17
IG-as Chicago: Morthern [linois Gas: Sc}"ﬂ Gas |Eas: Chicago: Morthesn lllinois Gas: Sthecﬂ o

L“_‘Q‘&IIE"““‘ Serew aoing | [Electic Screw
|Gas ' Gas

LIN‘:‘* x| HVAC Options [None

(el =] Cold Starage [Hion

| molellrlone _'_j EPuwu |Internal Combiustion Engine

1 5 | K

Pioect Description | Caleulate

U I University of Illinois
at Chicago

Location & Energy Rates

T5kcations [—C:v_l MD: BGAE GL/BGHE CLOAL Y
Atlarka, GA =1 SC SCERG MGS20/5CERG G536 a.,q;r S1/74°F [Husredty Rt
2356 locaona || Il ComEd & TOU/MIGas 4RGAC & _[
Encay_ OH: Chvind Elec LoComm/E OH Gat C =] GAS: Uiy Mame - Allanta &
= Elechic - | Gas Light: Fiate Name
C Goa | BalaTuge i Gl
@ Stepped © Timeof Use

=

Fate X |
Cutoll Type & Wwivkw ¢ kwh O MBL

E:ll- | Summer | Winfer
Wew = | Rate | Culolf | Rate | Cubolf
SRWH KWW 0 W
:|: 0109 | 3000 | 0109 | 3000
x 0,053 | 7000 | 0.0939 | 7000
16.75 0086 [13000C) 0086 [19000C
[T 0u0esT | 00857 | 0
[XE] Do | D1 | 200
50 0.005336 | 00083 20
1] | M 0 007 ooorz 0

UI University of Ilinois
at Chicago
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Building Main Page

Acudalions

~ Applhication Type and Size.
Ehﬁ.pneuisi
[Mursng Homs bl

O Euidio Zoney Annual 5chedule

Poocfvea[#5000 4 [ patient Aooms | Show Newt Schedubs |

Glazng 175 x Common Areas Mpﬂurvl‘afm
H

i [week [ Sa | Sun
00, 100
100100
100! 100

| 100]
100

Cooing [75 degF| || © Yes . | 100] m:
H4|. PN ?3" Hustidfiestion — : | |
= = s g

B0 10)8)18 0 88 5888
e sl

Min | 20 %AH

U I University of Illinois
at Chicago

1.8 [ML'L] Economic Analyziz Module - Input Module F

Configuration
 Cerkal Plant ramrpmc @ Basine C Abersive ] E quipment Description ||

~Chilles Type and Options. Riating Poink - Air Handiing
B First Chiber Elechical Eff KWAon  DOP %" @ CAV Cold Deck Temp.

[Electic Centiiugatiist Vane Cortial | [068 [N Jo | vy
X Second Chiller

Il.‘ras Engine-Dinven Cenbil Heat Hecnue:i Iﬂ.DE |1 8 Il_ IF i DlyﬁLlI:‘lX
¢ Third Chiller T Dew Point 1%

]Eieclnc Centritugal-inlet Vane Contiol _‘_i IIJ 68 I_ I— &~ Both
Chiltes Engin :

" Meoed

1+ Figed  Varisble anEafglnEu fm%ﬂ.&dgﬂfﬂ
Eihniiat Efficiency E fficiency First | (=" First = First | = First |{= Fast

f—xl_zr-gm [0 x| [oosss wwmr Fmﬁm?%& CRAI G

Fiee |[% e
fe2_ 1% ||~ Electiol | © Electic |

b irtics oot T

UI Univarsity of Ilinois
at Chicago
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Ul

New Power Generation Controls

(® Baseline (C Alematie
Heat Recoveny Manienance Coss
N, Electic A
ol Capaciy Effisency |Qusily Cuanity |Qually Biansity | Vaiable Fimd
Lead Genenstor Units | & 1% Fuslin ﬁgwmm d‘ﬁ?zmﬁln $hwh $ew

Internal Cormbustion Ergine - '1_ W |3'5_ '— |— '— I? W W

Lag Geneialor Past Load Parameters
EMuwhr.e - ! [ E5] 5 500 | [55 000t | [z00

N h Skzing Method HeatR Ot
& Pesk Hous Electic Desnand (%)
" Peak Hous Themal Demand (%]
" Feed Demand kW]
Powe: Generation Control Strateay -
Sumry | gy
© Max Quipat | Max Outpet | © Max Outpast  Max Outpid | ' Max Dutput
= Track Elec. " TiackElee. | T TrackElec, ™ Track Elec. " Track Elec.
€ Teack Them |  Tiack Themn, | © Tisck Themn. - Tinck Thami |7 | Tisck Thed
T Teack Greater | © Tiack Grester | © Track Groater ™ Track Greater | Track Greales
€ Teack Lestar | % TrackLestar | Track Lesser 1% - Tiack Larsar. |1  Track Losset
T DoMotRun | DoMetRun | ¢ Dobet Fun " DoMotRun DoMolFun | % DioMNot Aun

© EnesyTOUBased Demond TOUBsied Custom Schedule Based

University of Illincis
at Chicago
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Utilization of Recoverable Heat

GCG PG 1.8 [MCL)
Fie o Help

Economic Analyziz Mo

be - Input Module File ©

Utilization of Recoverable Heat - Baseline Equipment Configuration

Distribution ol Recaverable Heat

E quspment Llilzing Alecoverabls Heal

Lead

Heat
Recoven |Recovey
Steeam & | Stieamn B

Generator | Generalon

Lag

Heal H
Recoven
Slieam

Space Healing

[ "

Domestic Hot \Waler

Dazsccant Cahwumidie:

Sirgie E ect Abiorption

Diouble-ENect Absoiption

| Min. Quality of Recoverable Heat
Usable by Abzamption Chillers

Univarsity of Ilinois
at Chicago

Sirgle Efect

[z00 |F

Diouble Efect

IJI‘IG F

— Side-by-Side Economic Comparisons

Total Consumption: 13,771,881  kWh Total Consumption: 12,079,777  kWh
Utility Supplied : 13,771,883  kWh Utility Supplied: 480 KWh
Generated On-Site: 0 EWh Generated On-Site: 12,079,297 kWh

Cooling: 138 586 Cooling: A

Desiceant D i Desiceant Dehumd i

Heating/Feh| Basel Iné 67 Heating/Reheating Alternatlve

Fams: = 3,248 Fans: =

retrigernio] EQUIPMENt reigetion. | EQUIPMent

Other Electri 5,963 Other Electric: B

Standhby Cha Resu ItS Standby Charge: RQSU ltfé Pl
Grid Electric Energy Cost: S 599 %64 Grid Electric Energy Cost: 5 56.852_

ANNUAL NATURAL GAS ENERGY

NSUMPTION and GAS UTILITY COST

Total Consumption: 59,810 MMBiu Total Consumption: 163,302 MMBtu
Building Consumption: 59.810 MMBitu Building Consumption: 38,935 MMBtu
Power Generation Consumption: L] MM Btu Power Generation Consumption: 124,367 MMBtu
Recoverable Thermal Energy: ~~ ©  MMBw || Recoverable Thermal Energy: 71,414 MMBtu
Recovered Thermal Energy: 1] MM Biu Recovered Thermal Energy: 30,326 MM Bia
Cooling: 50 Cooling: 543,116
Desiceant Dehumidifier: 50 Desiceant Diehundifier: 30
Heating/Reheating: 564,792 Heating/Reheating: $3,738
Power Generation: 30 Power Generation: $ 376,666
Other Gas: $120611 Other Gas: $ 68,722
Annual Gas Energy Cosi: 5 185,404 Annual Gas Energy Cost: S 492242
Annual Energy Cost % 1,085,268 Annual Energy Cost £ 572,353
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A Variety of Charts

# BEA - PG - Calculations Module File ;
File Reports Charts Help

Monthly Electric and Gas Energy Cost

Unnamed Project, Run; 411572002, 5:41:00 PM Print; 4/15/2002, 5-44:48 PM File: dza

Tolal Enengy Cosl [$]

:

U I University of Illinois
at Chicago

A Variety of Charts

# BEA - PG - Calculations Module File ;
File Reports Charts Help

Monthly Gas Energy Use

Unnamed Project, Run; 411572002, 5:41:00 PM Print; 4/15/2002, 5-45:44 PM File: dza

=

ARE

Gas Ensrgy Use [Thérms]

U I Univarsity of Illinois
at Chicago
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Retrofit Calibration

[Tharms'day]
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Gas Energy vs. Heating Degree Days
Unnamed Project, Run, 10/6/2003, 9:33:00 AM Prirt;10/6/2003, 3:33:18 AM File, Sample 2 mdb
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Gas Energy vs. Heating Degree Days
Unnamed Project, Run; 10/6/2003, 9:33:00 AM Prirt;10/6/2003, 3:33:18 AM File; Sample 2mdb
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4 Existing Applic.



ERDC/CERL SR-04-26

389

[Tharms'day]

[Tharms'day]

Retrofit Calibration

350

300

250

200

150

100

50

-50

-100

Unnamed Project, Run; 1006/2003, 9:33:00 AM Prirt; 1006/2003, 3:33:18 AM File; Sample 2 mab

Gas Energy vs. Heating Degree Days

Gas Use

| Projection for

Average

Weather Year
| from DOE 2

Simulation
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Gas Energy vs. Heating Degree Days
Unnamed Project, Run; 10/6/2003, 9:33:00 AM Prirt;10/6/2003, 3:33:18 AM File; Sample 2mdb
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Retrofit Calibration

Gas Energy vs. Heating Degree Days

Unnamed Project, Run;, 1006/2003, 9:33:00 AM Prirt; 1006/2003, 3:33:18 AM File; Sample 2 mcb
350

Simulation Results e
300 1 Are Now Accurate /"" _/
250 || for Existing Building e e
Over AVERAGE i a {;’ e
_ 2% 1| Weather Year A P, TR /
£ 150 < [, =l //'
g e
& 100 / 2 //
= S0 = / /’/ ]
P o ',/f’i __..-f’“/
e
- E/Z{U 400 B0 ag0 1000 12p0 1400
=100

Heating Degree Days

= Baselinz — Baseline +10%  — Baseline -109% 4 Existing Applic.

Does This Cover All CHP Needs

* No

— Easy to Use Screening Tools for the Design
Engineer Use “Hard” Programming to Allow “Easy”
Operation

— Set Up for Conventional Systems
» For Research

— Need “Soft” Programmed Tools for “Easy”
Modification

—“Hard” to Use
— Must Still Feature Hour-by Hour Operating Systems

u Ic Univarsity of Illincis
at Chicage
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UIC CHP Engineering Model

» Research Tool

— Can Be Reprogrammed for Unconventional Systems
in Reasonable Time

— Used for Testing New Concepts

— Requires a 50+ Megabyte Excel Spreadsheet

— Uses Hourly Building Load Files from DOE-2
» Use BEA to Develop Load Files

— Develops Full Economic Optimizations

U Ic University of lllincis
at Chicago

UIC CHP Engineering Model

» Research Uses to Date
— Direction for BEA Development
— Cross-Checking BEA Test Results
— Studying CHF Economic Dynamics

» Investment Return Vs. System Sizing

» Sizing Rules of Thumb

» Unusual Thermal Loads (Pools, Industrial Processes)
» Hot Thermal Storage

» New Generation Equipment and Packages

« “Soft” Programming Allows for Quick Revisions BUT
Requires Extensive User Understanding

u Ic Univarsity of Illincis
at Chicage
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Summary

» Screening Tools Have Advanced Considerably

» New Construction: Can Produce Economic
Estimates from Preliminary Design Information

— Allows Economics to be Scoped Early in the Design
— Improves Chances of CHPF Being Used

+ Retrofits: Allow Fitting to Usage History

— Calibrates Simulation to Real Utility History
— Normalizes Results to AVERAGE Weather Years

» Very Important for Guaranteed Savings Financing

U Ic University of Ilinois
at Chicago

References

» Picture Credits
—Wartzilla
—Solar Power Ventures
» More Information

—Building Analyzer Program - Available from
GTl

u Ic Univarsity of Illincis
at Chicage
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Assessment of HVAC systems reliability

Presenter: Dr. Eugene Shilkrot. Central Research Institute for Industrial Build-
ings, Russia

EUGENE SHILKROT, Ph.D
Head of HVAC Laboratory

of Central Research Institute for Industrial Buildings,

Russia, Moscow

ANALYSIS of HVAC
SYSTEMS RELIABILITY
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HVAC SYSTEMS RELIABILITY —What is it?

Small special glossary

HVAC Equipment — collection of units - tans, air heaters, water heaters,
coolers, pipes, ducts, controllers and etc.

ROOM — heated and ventilated {air conditioned) premises, residential
dwellings, industrial shops

HVAC SYSTEM = Rooms + HVAC Equipment

HVAC SYSTEMS RELIABILITY —What is it?

Small special glossary

Indoor microclimate — indoor air temperature, radiant temperature,
velocity, humidity, contaminant concentration

HVAC system reliability — conditions of HVAC system when all
parameters of microclimate are within a normal range of parameters

Failure — conditions of HVAC system when one or all of the parameters
of the microclimate are out of a normal range
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HVAC system reliability depends on its power, equipments quality and
level of maintenance

HVAC system reliability is calculated as probability quantity

RSOl FCe = 1

Py = Py

Zp. ot equip

P(Z) - Total HVAC system reliability

Pzp.()ut - HVAC system reliability with respect

to outdoor climate

P

equip - HVAC equipment reliability
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HVAC systems are systems with temporal redundancy
Temporal redundancy is dependent upon room’s inertia

Change in room’s temperature in case of HVAC equipment “Failure”

g — (Im — Lo )z

(Im - rour )o

8 = exp [—ﬂj
W

10 * )< L <60 ?)
W
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Change of room’s contaminant concentration in case of HVAC equipment
“Failure™

> = 1 lﬂ Qvem‘cl o Gpc:'l

kex& Qventcz o Gpoi
_ Qvem‘

k exh V

FOOQF

HVAC system reliability with temporal redundancy of HVAC equipment

P, = exp(~ 2z)
P
Zmean.ﬂz
Az
Zmean.ﬂz ~ Zmean eXp o

Zrepas’r
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Reliability of air heating system with temporal redundancy
. Pz @

e — T

ne —
2

n.e @\
ol | P

0e

z107?

1 = 3 4+ s
1- Reliability of a system without temporal redundancy
2- Reliability of a system without temporal redundancy — two
heaters
3- Reliability of a system with temporal redundancy, Az =3hr
4- Reliability of a system with temporal redundancy, Az = 10hr

Conclusions

Ccalculations of reliability of HVAC systems provides an opportunity to
choose optimal system design and predict expenses on system
maintenance.

Calculations of redundancy time of HVAC systems provides an
opportunity to estimate the number of required maintenance personnel.

Calculations of redundancy time of HVAC systems provides an
opportunity to choose the optimal algorithms of operation and to
minimize expenses.



ERDC/CERL SR-04-26 399

Energy Security

Presenter: Mr. Roch Ducey. ERDC-CERL

CALIBRE ESG

Our Success Follows Yours
Energy amdf Sosurlty Group

Army Installation Energy Security Plans:
Project Overview

Project Sponsor: Assistant Chief of Staft
of the Army for Installation IManagement (ACETD

Presented to the Industry Workshop by
Roch Ducey, 1.3, Army Engineer R&D Center/CEEL
(BOMUSA-CERL, £7444 — roch ducey@us. army. mil

Oictober 8, 2003

&

Building Research Council

School of Architecture
University of lllinois at Urbana-Champaign

() sencia National Laboratories
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Background

Energy for traiming, mobilization and deployment, and
other key Army missions should be available at
installations when needed

Power outages either due to an attack on a power plant or
an installation (or due to any other reason) should not
affect the Army’s ability to perform its key missions

The Army wants to increase energy independence and
security at its ingtallations

Project Purpose

Develops Energy Security Plans for three Army
mstallations with the goal of ensuring that their key energy
needs can be supplied by DG that 18 secure and clean to the
greatest extent practical.

Establishes the analytic capability for developing and
imntegrating feasible Army Installation Energy Security

Plans for IMA (Installation Management Agency) Regions
and across the US.

Goal - Installed Clean DG to meet key energy needs at Army

installations
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Scope

Techmical

- Congider clean fixed and mobile DG; examples include photovoltaics,
wind, biomass, fuel cells, microturbines.....

DG Investment Timeframe: 2004-10 (long range planning through
2020)

Financial
- Maximize use of private resources for DG investment
Project

- 3 major Army installations (case studies): Forts Lewis,Carson and Riley
- Study completed by end of July 03

Approach

Determine clean DG technical potential
Assess clean DG value added

Examine finance options

Develop Installation Energy Security Plans
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Develop Installation Energy Security Plans

Use optimization model to develop clean DG investment strategies for
Forts Lewis, Carson, and Riley

Inte grate modeled investment strategies with assessment of issues to
develop Army Installation Energy Security Plans

Examples of issues include:
- Installation Operations (e.g., Will workforce like DG?)

- Finance {e.g., What kinds of business risk or opportunities might the
private sector tace?)

- Institutional {e.g., Are there any effects on other Service installations?)
- Legal {e.g., Are environmental waivers possible?)

- Policy (e.g.. Are there any security risks with the use of on site
coniractors?)

Project Team

o ACSIM/IMA-NWRO/Installations:
Forts Lewis, Carson, and Riley

* Energy & Security Group (ESG)

« CALIBRE

* Engineer R&D Center/CERL

» Center for Army Analysis (CAA)

« Sandia National Lab
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(eneral Observations

» The three case installations and their utilities are concerned
about threats to energy security - agree on DG micro grid
on-site as goal

» Relationship of on-site DG and transmission/ distribution
privatization needs to be addressed

» Utility resource planning process could include (and rate
base) on-site DG

» How much should/will energy security cost? How much
energy security is sufficient? Who should pay?

» DG options vary by installation

Concluding Remarks

» This project examines the pros and cons of
installing clean DG at Army installations to
Increase energy security

» Technical data can be shared with private and
public sectors - final report will be unclassified

* Questions/Comments/Suggestions?
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