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Roofs/Walls — Conduction L|q hts

Roofs/Walls — Radiation

Skylights/Windows — Conduction Miscellaneous Equipment

Skylights/Windows — Radiation

VENTILATION/
INFILTRATION

Ventilation/Infiltration
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SINGLE ZONE
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28% 7 25% Other

* Uses waste heat to save
energy

* Consumes less power during
simultaneous heating and
cooling

e Reduces capacity of
eguipments

Transportation
9% IT / electronics

32% “ 10% Water heating

Industry 16% Lighting

Space and Water Heating is 50% of Total Building Energy
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Air-to-air Heat Recovery
w5 e bou * 1-Heatrecovery is often referred  « Hegat recovery Ventilator
Ly o7 2 jgm -  toas adevice operating between
:" = @® ' two air sources at different

>
4
[ J

Energy recovery Ventilator

= temperatures which transfers
energy from one side to the other

e 2- Heat recovery is often referred
to as a device operating between
two water sources or between air
and water at different
temperatures which transfers
energy from one side to the other

heat from the exhaust air stream or
heat gain from condensor

is used to

pre-heat the building’s hot water
or space heating system
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is a heat recovery ventilator and can be used in both the
heating and cooling seasons.

B 0T = 15N is a recovery device. That means it can

* )4 h 4 . .
i :f- 2" " recover sensible (dry) energy latent (moisture) energy.
= 2. == This does make it during the cooling season.

provides savings in summer cooling and winter heating
operations and can reduce the summer electrical peak load
demand. There also can be a significant improvement in
humidity control during both seasons.

* The decision to use an (a sensible-plus-latent device) or
an (a sensible-only device) is a matter of psychometrics
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* There are applications where an

makes more sense,

such as a locker/shower room. In this case, the indoor

humidity always is much
humidity and it is desirab
the space at all times of t

* |In some climates ,In the summer, an

nigher than the outdoor
e to remove that moisture from

ne year.
removes the

humidity from the incoming outdoor air and shifts it over
to the exhaust air, keeping it out of the building. In the

winter, an

removes humidity from the exhaust air and

transfers it over to the outdoor ventilation air, eliminating

the need for humidifiers
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Stale air

to outside
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= Fresh air

Exhaust to outside

000600
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- Excess moisture
< *@ exhausted to outside ™

from outside

Fresh air
to building

. ax 00000
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Supply to

x O ¢ inside
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0 inside
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outside 00 K
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Supply to inside
w 00000
006

ERV - Heating Season :

Supply from
outside 0 "‘

Fresh air*

Extracted 1
warm air

Bathroom

Extracted ?
warm air

Kitchen

:,/’ Moisture

Exhaust from

00000 inside
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TComaminated air

Heat
recovery unit
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Preheated !
fresh air
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Living room
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EA

air-to-air
heat exchanger

sensible-energy recovery VAR WA ARV total-energy recovery
(Atlanta, Georgia) LA LA /3K LA | (Atlanta, Georgia)
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dry-bulb temperature, °F dry-bulb temperature, °F
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Uses waste heat to save energy

Consumes less power during simultaneous heating and cooling
— Using less boiler power consumption

Has many uses
— Heating building
— Heating service water

— Heating process water
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Copcwling -

Heat,

Work

In

Work |,
(Electricity)

= Energy Savings!

Cond
Hot water outlet ARSI

<=

Cold water inlet

e (ENERGY RECOVERY SYSTEMS) sipl C38ljly cslo eTumpwm

Power input

Evaporator

Compressor Cold air output

S =

Air heat input

[
. = '
Liquid ' Electronic
expansion

storaEe Filter
tan valve
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HEAT PUMP

1* heal exchanger

SPACE HEATING [ HOT WATER Compressor
Expansion valve
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TTATAL HEAT REJECTICN

COWDEREING

‘ oy
-

w WET e & - Refrigerant-to-water heat exchanger &
=T 4 . = between compressor and condenser w
m " = el a
- - Captures heat from superheated i3
refrigerant o

- Provides uncontrolled hot water temp REFRICERATION EFFECT

- Allows chiller to produce higher hot
water temps

- Only small quantity of heat is available
since only superheat

is removed from refrigerant (25% heat
of compression)

ENTHALPY - BTUILB
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TOTAL HEAT REJECTION

L1 Refrigerant-to-water heat
. - exchanger

RS Captures heat from refrigerant
condensing process

- Provides uncontrolled hot water
temp

- Hot water temp a function of the | REFRIGERATION EFFECT

condensing temp

- Larger quantity of heat is available
compared to desuperheater ENTHALPY - BTUILB
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Chiller Room Piping Layout Diagram
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~ * Energy codes (IECC), following either ASHRAE Standard 90.1

or ICC requirements

_ * Green-building codes (IgCC-based), following either

Standard 189.1 or ICC requirements

. Energg label (ENERGY STAR) or building rating systems
(LEED®)

IECC—International Energy Conservation Code
|ICC—International Code Council (ICC) requirements
lgCC—International green Construction Code
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Standard 90.1-2019, Section 6.5.6.1

6.5.6 Energy Recovery
6.5.6.1 Exhaust Air Energy Recovery

6.5.6.1.1 Nontransient Dwelling Units

Nontransient dwelling units shall be provided with outdoor air energy recovery ventilation
systems. For nontransient dwelling units, energy recovery systems shall result in an enthalpy
recovery ratio of at least 50% at cooling design condition and at least 60% at heating design
condition. The energy recovery system shall provide the requ:ired enthalpy recovery ratio at
both heating and mo]mcr design conditions, unless one mode 1s not required for the climate
zone by the exceptions balu:m.

Exceptions to 6.5.6.1.1

1. Nontransient dwelling units in Climate Zone 3C.

- . . . . - ~7Y A .. . -
2. Nontransient dwelling units with no more than 500 ft* of conditioned floor area i Climate
Zone 0, 1,23 4C, and 5C.

. Enthalpy recovery ratio requirements at heating design condition in Chmate Zones 0, 1,
and 2.
4. Enthalpy recovery ratio requirements at cooling design condition in Climate Zones 4, 3, 6,
71,8

5905 308 : gv)s8 11€aP als 3043 PA ) Py o HLa3alw )s () 53y ) 1 0363 £63bs el (sl el G



4
S 15 s kg
FIAS S sl ,f A »

%&j‘ft"jﬁ‘“‘“;u;,; ( ENERGY RECOVERY SYSTEMS) s}yl C18Ljls (slo @Tusaws

National Conference of New
Construction Industry Technologies

Standard 90.1-2019, Section 6.5.6.2

6.5.6.1.2 Spaces Other than Nontransient Dwelling Units

Each fan sysrem serving spaces other than nonfransient dwelling umits shall have an energy

recovery system where the design supply fan airflow rate exceeds the value listed in Tables
6.12-1 and 6 1.2-2, based on the climate zone and percentage of ouidoor air at

design airflow conditions. Table 6.5.6.1.2-1 shall be used for all vensilanion systems that

operate less than 8000 hours per vear, and Table 6.5.6.1.2-1 shall be used for all ventilation

systems that operate 8000 or more hours per year.

For spaces other than nenfransient dwelling units, energy recovery sysrems shall result in
an enthalp ery rafio of at least 50%. The energy recovery sysrem shall provide the
required enthalpy recovery rario at both heating and cooling design conditions, unless one
mode is not required for the climate zone by the exceptions below. Provision shall be made
to bypass or contfrol the emergy recovery system to permit air economizer operation as
required by Section §.5.1.1.

Exceptions to 6.5.6.1.2

. Laboratory systems meeting Section
Systems serving spaces that are not cooled and that are heated to less than 60°F.

. Heating energy very where more than 60% of the owtdoor air heating energy 1s pro-
vided from site-recoverad energy of : lar energy in Climate Zones 5 through 2.

4. Enthalpy recovery rafio requirements at heating design condition in Climate Zones 0, 1,
and 2.

5. Enthalpy recovery ratio requirements at cooling design condition in Climate Zon
4C, 5B, 5C, 6B, 7, and 8.

sum of the airflow rates exhausted and relieved within 20 ft of each other is less
of the design outdoor airflow rate, excluding exhaust air that is
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Standard 90.1-2019, Section 6.5.6.2

6.5.6.2 Heat Recovery for Service Water Heating
6.5.6.2.1
Condenser heat recovery systems shall be installed for heating or preheating of service hot
water provided all of the following are true:
a. The facility operates 24 hours a day.
b. The total installed heat-rejection capacity of the water-cooled sysrems exceeds
6,000,000 Btwh of heat rejection.
¢. The design service water-heating load exceeds 1,000,000 Btwh.

6.5.6.2.2

The required heat recovery system shall have the capacity to provide the smaller of

a. 60% of the peak heat-rejection load at design conditions or

6.5.6.3 Heat Recovery for Space Conditioning

‘Where heating water is used for space heating, a condenser heat recovery sysrem shall be
installed, provided all of the following are true:

a. The building is an acute inpatient hospital, where the building or portion of a building
1s used on a 24-hour basis for the inpatient medical, obstetrie, or surgical care for
patients.

. The total design chilled-water capacity for the acute inpatient hospital, either air cooled
or water cooled, required at cooling design conditions exceeds 3,600,000 Btw'h of
cooling.

c. Simultaneous heating and cooling occurs above 60°F outdoor air temperature.

The required heat recovery sysrem shall have a cooling capacity that is at least 7% of
the total design chilled-water capacity of the acute inpatient hospital at peak design condi-
fions.

Exceptions to 6.5.6.3

1. Buildings that provide = 60% of their reheat energy from on-site renewable energy or site-
recovered energy.
2. Buildings in Climate Zones 5C, 6B, 7, and 8.
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Primary/Secondary System

Primary Pumps

Secondary Pumps

Common Pipe

) 930 — axlgl (slaylas b aslaygig.s

Typical
load
with
two
way
valve

* Was developed by Bell & Gossett

in 1954 as a method to increase
system temperature drops,
decrease total pump Horse
Power and increase system

controllability.

Systems utilizing low or medium
temperatures were allowed due
to Primary — Secondary
pumping. Most modern systems
utilize some variation of Primary
— Secondary pumps.
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Fundamental Idea

interconnects the Primary to
L e i

Secondary e “Common Piping” should

P e

P have minimal to no pressure
drop to be designed correctly

* Hydraulically disconnects the

Tee {-"’u Tee two piping loops
s

Primary “A”
Pump _ | _
Low pressure drop in the “common pipe”

")
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Primary/Secondary System at Design

Primary Pumps
1000 GPM Each

440 °F

500 ton chillers
1000 GPM Each
56.0-44.0°F

Secondary Pumps
3000 GPM @ 44.0 °F

-

) 930 — axlgl (slaylas b aslaygig.s

No Secondary Flow

Secondary
Pump

, ZiE

_@ il
[
— (a) — —
100 GPM @ 45°F s
o 100 GPM @ 45°F
Primary 100 GPM @ 45°F
Pump

Primary = Secondary

440 °F

Typical
Coil

100 GPM @ 45°F 100 GPM @ 55°F

T

e

3000 GPM @ 56.0 °F
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. 100 GPM @ 55°F
100 GPM @ 45°F 0GPM
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Primary/Secondary System at Part Load

75% System Load Primary > Secondary

Secondary Pumps
2250 GPM @ 44.0 °F

50 GPM @ 45°F 50 GPM @ 55°F

< f

Pump On T Mixing at Tee B

44.0 °F

@ i
Typical P

=" & @
100 GPM @ 45°F 100 GPM @ 50°F
50 GPM @ 45°F

.

Primary Pumps

750 GPM @ 44.0 °F
1000 GPM Each

-

3000 GPM @ 53.0 °F
@ 2250 GPM @ 56.0 °F
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Primary/Secondary System

50% System Load Primary < Secondary

Secondary Pumps
1500 GPM @ 44.0 °F

200 GPM @ 50°F 200 GPM @ 55°F

- < ¥
| p— | —

100 GPM @ 45°F @ . 100 GPM @ 55°F
100 GPM @55F

Mixing at Tee A
Primary Pumps

500 GPM @ 44.0 °F
1000 GPM Each

—aufi}

2000 GPM @ 53.0 °F 1500 GPM @ 56.0 °F
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* An exact load calculation is

not necessary to select a free
cooling system, but a load
estimate is required to closely
Eredict a system’s number of
ours of operation and its
annual energy savings.

For industrial process,
computer, and other constant
load systems, winter cooling
load is known.

For air conditioning systems,
winter cooling load is always

less than summer cooling load
and represents mostly internal

heat gains, which are fairly
constant,

although winter solar heat
gain can be significant

OB

 Many air conditioning and
industrial cooling systems
require chilled water throughout
the year. During fall, winter, and

spring
* system’s cooling tower or closed

circuit cooling tower can

produce water cool enough to

eliminate the need to operate a
chiller.

* This is known as free cooling or
evaporative chilling.

\'s
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HEAT EXCHANGER

AMuZmMOoZon
AO—HAPTO0TVI==<MmM

T

,  CHILLER [E]

Cooled Waber Qut

- --- Summer Flow

[g] S-Way Valve Winter Flow

Figure 2. Cooling Tower and Heat Exchanger Free Cooling System
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Winter Summer

Tower Tower HEAT EXCHANGER

AMBEMOZ00

% Pump 2

CHILLER @ _____

-
-

Summer Flow

[E] 3-Way Valve _
Winter Flow

Figure 2a. Variation 1 - Summer and Winter Tower with a Heat Exchanger System
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CHILLER

- - - - Summer Flow
Wintar Flow

Figure 3. Closed Circuit Cooling Tower Free Cooling System
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AMWRZMOZ0O0
DO=-TDODE==M

CHILLER

- - == Summer Flow
Winter Flaw

Figure 3a. Variation 1 - Closed Circuit Cooling Tower Free Cooling System with a Summer Cooling Tower
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Machine Learning

@

Expert Systems

Neural Networks

h
O

Fuzzy Logic

Natural Language
Processing

( Expert Systems )

( Robotics)

( Machine Learning)

( Neural Network )
( Fuzzy Logic )

( Natural Language Processing)
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Table 3. Detailed category, variable, and unit/index information of attributes.

Category

Variables Unit/Index

Environmental

Social and Time Indicabors

Temperature oF
Humidity %

Weather Conditions

I: Fair | 2: Partly cloudy | 3: Mostly cloudy | 4: Light rain

5: Rain | & Heavy rain|7: Fog |8: Snow |9 Thunder

Weekday 1-7 (1: Monday --- 7 Sunday)
Month 1-12 (1: January --- 12: December)
Day 1-31
Year 2017-2018-2019
Time
0: Mormal day | 1: Public holiday
2: First day of religious holidays
3. Other days of religious holidays

Day Type

10-21 (10: 10:00 am. --- 21: 0900 pom.)

Histogram of Temperature

88

Frequency
3
2

;

Table 4. Real data for ANN (sample).
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of Week
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Year Time Day Type Temp.®F Hum.%  Weather Conditions
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of People)
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Sunday
Sunday
Sunday
ﬁunda}
Sunday
Sunday
Sunday
Sunday
Sunday
Eunda}
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday
Monday

8
8
8
8
8
8
8
8
8
8
8
3
8
8
8
8
3
3
3
8
8
8
8
3

Miormial
Miormial
Miormial
Miormial
Miormial
MNormial
MNiormial
Miormial
Miormial
Miormial
Miormial
Mormal
MNormial
MNiormial
MNiormial
Miormial
Mormal
Mormal
Mormal
MNormial
MNormial
Mormial
Mormial
Mormal
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Fair
Mostly cloudy
Muostly cloudy
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Figure 4. Histograms of the temperature, humidity, weather conditions, and ocoupancy variables.
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Figure 5. ANN structure for the study.
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Figure 6. HVAC control scenarios for energy simulations.
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Figure 11. Actual and ANN-predicted occupancy results (hourly).
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