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Overview

« Energy Efficiency Goals

« Carbon Footprint Implications

 How are we DU’ing?

« High Performance Energy Recovery
System

« Performance Monitoring

» Performance After Occupancy

* Questions
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Learning Objectives

 What elements can be incorporated into a building to enhance sustainability

* How to finance a project with energy efficient equipment that increases first
cost

* How to effectively measure actual performance after occupancy

* How to secure continuous pay-back on energy efficient equipment
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Energy Conservation - Goals

- Save Utility Dollars
« Leverage Xcel’s Utility Rebates

Lower our Carbon Footprint



Presenter
Presentation Notes
We pay into DSM, therefore if we do not invest in energy efficiency we realize no return on this investment
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Climate Action Plan for University of Denver

“The University of Denver is committed to seeking
carbon neutrality by the year 2050 through
conservation, reduced consumption, and pursuing
appropriate and responsible alternative energy
sources. To achieve this goal, the University is working
toward a 24% carbon reduction by the year 2020.”



Presenter
Presentation Notes
The design of each of our buildings takes this commitment into account
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25X25 Sustainability Goals

1. Reduce carbon emissions by 24% by 2020 and
45% by 2025 from 2006 levels.

2. Produce 5% of DU’s energy needs on-site
through renewable sources.

3. Continue reduction of on-campus electrical
consumption by 500,000 kWh/yr.

4. Investigate a 20-year PPA for 20% of DU’s total
energy needs.

5. Achieve an Energy Use Intensity (EUI) better than
the national average by building type.



Presenter
Presentation Notes
The design of each of our buildings takes this commitment into account
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Emissions Source Overview

FY17 Carbon Footprint by
Scope
mScope 1 =Scope2 = Scope 3 Source MTCDE Percentage of

total

On Campus 8,504 14%
Stationary

Direct financed 7,971 13%
travel

Study abroad 3,900 7%
Employee 4,969 8%
commuting

Student 4,048 7%
commuting

Purchased 34,102 45%
electricity



Presenter
Presentation Notes
If we are going to reach our goals and have a significant impact on our CARBON footprint we need to have a significant focus on lowering our consumption of purchased electricity. 
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Presenter
Presentation Notes
Bad News:
Every kWh used in the Rockies region results in a higher level of carbon emissions than any other region of the country.

The Good News:
A $1 investment in energy efficiency in Colorado would be expected to have a much larger impact on CO2 than the same dollar invested in California
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How are we DU'ing?

Energy Conservation - Goals

- Save Utility Dollars
« Leverage Xcel’s Utility Rebates

Lower our Carbon Footprint
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Energy Reserve/Green Fund Funded Projects

Totals

Cumulative

#
15

12
a1

M@ a bk oE

B3 $3431969 § (395502) $2136,487 118968 9510332 § 866212

EnermrinhnijecIE—mﬂE FY18

Construction

Cost
s 406 6B7F % (126,882) 3 204,615
5 T AT 5 (Zrodad) $ 3-.115.1"52 278,550
5 1 1EREB5T 5 (365.248) F ﬂﬂEr.Eﬂ 88 318 2 337 517 1- 252 086
- 200,536 & (158,013) 3 122,543
5 240574 § (925622 § 1,714,552 118,963 TATE M2 § 725, 260
Construction

Cost
s 491415 § (659,850) % 421,535 20H T %5 220, 552
s 491415 § (69,850) 3 421,535 20H T3 § 220, 552
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Energy Reserve Funded Projects

« Facilities identifies potential projects having relatively short pay back periods.

* Investments are often off-set by Xcel rebates.

» The projects are funded from an Institutional Utility Savings Reserve which has been
built up from year end savings in the Utility budgets.

o mer TN R A R E EEE BB s

Construction Less MNet Average
Type # Cost Rebates Investment Payback (yrs)
Controls 0 3 - 3 - ¥ - - - 3 - -
Lighting 6 5 131,366 | F (23,250) % 106,116 - 289100 3 26,068 3.95
Mechanical 1 385179 % (220000) % 165179 63,343 299366 3 81,159 2.04

\



Presenter
Presentation Notes
Our energy efficiency program allows for the contribution of utility reserve funding to new projects such as SECS, for purchase of systems where there is an incremental efficiency improvement, such as Konvetka’s heat recovery system.
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Electric Utility Savings - FY09 thru FY16 35,376,306

16.00
14.00 -
12.00 -
w 10.00 -
§ 8.00 -
2 600 -
4.00 -
2.00 -

0.00 - ' : : : ; ; ; ; ;
FY0O7  FYo8  FY09  FY10  FY11  FY12  FY13  FYl4  FY15  FY16
FY08 FY09 FY10 FY11 FY12 FY13 FY14 FY15 FY16
kWh/GSF 14.37 13.46 12.54 12.52 12.10 12.27 11.70 11.36 11.00

KWH 44,927,569 45,433,486 43,964,329 41,374,022 42,144,346 39,534,746 40,436,453 40,232,957 39,454,235



Presenter
Presentation Notes
Includes all energy efficiency initiatives, not just those funded with out utility reserve funds.
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Progress towards our CARBON goal
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Gross emissions, does not include emissions reductions associated with the purchase of offsets
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Presenter
Presentation Notes
ACUPCC does not allow for the normalization based on square footage, therefore we expect our carbon footprint will increase in FY17 with the addition of the School of Engineering 
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School of Engineering — EDA Efficiency
Enhancements & Results

= High Efficiency Heat Recovery Systems
= Magnetic Bearing Chillers
= High Efficiency Condensing Boilers

= Occupancy Sensors — to automatically setback Labs from 6 to 4 air
changes per hour

= Leveraged a $220,000 rebate from Xcel Energy

= Modeled building energy efficiency is 21.6% greater than
required by building codes

= $140,000 of annual utility savings vs. base model
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High Efficiency
Run Around Energy Recovery System




Most Critical Elements of High Performance
Run Around Energy Recovery System

High-performance Heat Exchangers (Coils)

Demand-dependent Automatic Controls

- mechanical ability to adjust the operating parameters

- optimum performance at all operating conditions

Failure-free Operation (Monitoring)



Presenter
Presentation Notes
4 Voraussetzungen für eine hohe Energie-Effizienz :


High Performance Coils

High-Efficiency System Traditional System
4 degree approach temps 9 — 10 degree approach temps

70° F 70° F

- EXHAUST AIR
60" F

62° F
50° F

EXHAU

40° F

SUF SUPPLY AIR

32° F

ur = 47%



Optimal Recovery of the Energy in the Exhaust Air

Optimum Quantity Circulated at all Operating Conditions

OIN¥C
=

Q =optimal = O =maximum




High Performance Coils

Variable Flow

70° F

EXHAUS

62° F

SUF

I AIR

40° F

32° F

70° F

45° F

SUPF

Constant Flow

EXHAUST AIR

LY AIR

32° F
ur = 34%
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Prerequisite to Control
High Performance ER-Systems:

Continuously Vary Fluid Flow
Rate According to Air Volumes
& Air Temperatures To
Maximize Energy Recovery

Numerical Simulation
Performance-Mapping
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Winter Design Point With Free Cooling:
PHx Heating Eliminates Heating Coil

(Heating to 55F)

AHU 1

-10°F
50,000 cfm 59%
AHU2 ST
50,000 cfm 59%
AHU 3 30°F
50,000 cfm 0%
AHU 4 ~10°F

7,500 cfm 59%

Total Supply
157,500 cfm

55°F
3%

6.1%

75.2°F

55°F
3%

. 1°F

75.2°F

AHU 1 &AHU 2
Common Discharge

0>

55°F
8%

37.9°F

180/60°F

96°F
0%

9.5°F

180/110°F

62.2°F ; >
122.0“F; f

180/71°F

NN

B:

55F

53.1°F

70°F
4 ¥

70°F
15%

EAHU 1A&B

52.5°F

70°F
15%

52.5°F

55%

50,000 cfm

34°F
55%

EAHU 1C&D

50,000 cfm

61.3°F

180/136°F

EAHU 5A&B
7,500 cfm

37
95

R

‘g

54/48°F

Free Cooling PHx
Source: Lab Instruments

28.4°F

Total Exhaust
107,500 cfm
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Summer Design Point With Adiabatic Cooling:
PHx Cooling Eliminates Cooling Coil

(Cooling to 55F)

AHU 1 95°F 55°F
50,000cim 1% 4N%
AHU 1 & AHU 2 55F
— —’?— Common Discharge 41% EAHU 1A&B
. 50,000 ¢fm
AHUZ g5 55°F 70°F  538°F 78°F

50,000 cfm 11% 41% 15%  95% 40%

— pre / a e T

50,000 cfm

AHU 3 82°F 55°F 70°F  53.8°F 78°F
50,000cfn  18% 46% 15%  95% 40%

EAHU 5A&B
7,500 cfm

AHU 4 95°F 55°F 70°F 58.5°F 79°F
7,500 ¢fm 11% 41% —@— 50% 95% 45%
L & wF | t . e53F @ Total Exhaust
/ s Q / Ol 107,500 cfm
Total Supply | N 54 /42°F
157,500 cfm \

82.1°F

Free Cooling PHx
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Energy Model

Denver, CO

Without Energy
Recovery

Konvekta REARS
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Konvekta REARS
with Free Cooling

Winter

Heating Energy kWh/a 3,426,3450 337,416 214,554
Requirement

Effectiveness 90% 94%

Heating (heating to
55F)

Without Energy
Recovery

Konvekta REARS

Konvekta REARS
with Free Cooling

Summer (with adiabatic exhaust cooling)

Cooling Energy kWh/a 2,119,433 852,303 852,303
Requirement
Effectiveness 60% 60%

Cooling (cooling to
55F)




Energy Model

Denver, CO

Without Energy
Recovery

Konvekta REARS

University of Denver Daniel Felix Ritchie School of Engineering & Computer Science

Konvekta REARS
with Free Cooling

Year

Heating Energy kWh/a 3,426,345 337,416 214,554
Cooling Energy kWh/a 2,119,433 852,303 852,303
Electricity (Fans/Pumps) kWh/a 259,068 321,513 321,513
Total Energy Consumption kWh/a 5,804,846 1,511,232 1,388,370

Effectiveness

74%

76%

Without Energy

Recovery

Konvekta REARS

Konvekta REARS
with Free Cooling

Peak Demand

Cooling

tons

492

271

271

Heating

MBTUH

8,000

2,200

1,700
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Energy Model

Denver, CO Without Energy Recovery Konvekta REARS Konvekta REARS
with Free Cooling

Annual Energy Cost

Heating Energy $82,918 $8,165 $5,192
Cooling Energy $80,115 $32,217 $32,217
Electricity (Fans/Pumps) $9,793 $12,153 $12,153
Total Energy Cost $172,825 $52,536 $49,562

Energy Cost Savings $120,289 $123,262
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Continuously Monitor All Operating Parameters

konvekta HRS-Controller

Data of 03/19/2017 - 15:00
<< Hour earlier
<< Day earlier
<< 30 days earlier

University of Denver RSECS

Hour later >>
Day later >>
30 days later >>

12%
o,
= 24543cfm 26742¢fm
g 62.7°F 63.0°F 71.2°F 46.3°F B7.2°F _
62.4°F theo 63.0°F set [ Humidifying
AHU 1 Co0lne EAP 1 AB
73.1°F 53 5°F
59%
25117cfm i 27626cfm
74 5°F 63.2°F 63.8°F 67.2°F
62 4°F theo SS.O“F set 7
AHUZ  Bootne EAP1CD
73.6°F 52 6°F
61%
32672cfm cEE 5912cfm
74.6°F 61.8°F 61.3°F 68.2°F 50.3°F | 69.1°F
60.7°F theo 60 1°F set Humidifying
72 5°F 56.2°F
100%
4932¢fm G
72 7°F 62 2°F 62 9°F pump ok
61.3°F theo 62,1"!_: set
AHU 4 Coollng 40%
73.4°F 53.7°F [l 534°F  — 53.3°F — [ . | 5330 53.2°F
56 66.3°F op  526°F]536°F 620F | @ | 513°Fneo
55% [ O set 0% 0% 0%
73.9°A 61.7°F 0% -0%
554°F | | ea6°F 9 o
: . 0%
0% L] ] =
= 68.5°F
72.8°F . 73.2°F :

73.1°F theo
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Continuous Monitoring To Ensure Maximum Recovery Efficiency

konvekta HRS-Controller University of Denver RSECS
Data of 03/15/2017 - 15:00
<< Hour earlier Hour later >>
<< Day earlier Day later >>
<< 30 days earlier 30 days later >>
Cooling energy Performance

Volume flows air

Heating energy

Temp. SHRC
Temp. EHRC ._ Pumps maintenance

Temp. hydr. system " Peges® - Supply air control

Valves HRC -' Humidifiers

Bypass valves
supply valves

Temp. supply HW
Temp. supply CW
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Heating Performance DU RSECS: TOTAL Recovery 82% Heating to 62F

1,400,000
1,200,000 1%
7% 765 1
1,000,000
800,000
83% 877% 80% 93%
600,000 850
919 89% 88%
400,000
o
91% 9%
98%
200,000 8% o
0 102/" 100% 100% II 100% 100% 100% 100%
MBtu
ooty S T @ RS TP PR G EF @RS TS
2016 2017 2018

® Heat Requirement mHeat Recovered
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Cooling Performance DU RSECS: TOTAL Recovery 57% Cooling to 62F

900000
800000 45%
700000 a0,
600000 - e |
500000 * ) 60% b
400000
51%

300000 .
200000
100000 90% 89% 45%

0 R | |
MBtu S F S FT@ W@ S W
(1,000 bty) 2017 2018

B Cooling B Cooling
Requirement Recovered




Questions

Chad King, PhD — Sustainability Director - University of Denver
chad.king@du.edu

Mark Labac, P.E., LEED AP - President — Edge Mechanical Systems, Inc.
markl@edgemech.com
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