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Motivation

 Building energy services
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nergy Consumption
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Energy Consumption Rate for Heating and Hot
Water
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H Built < 1980 Built > 1980

Retrofit Measures

Energy consumption of
buildings built before 1980 can
be as high as 300 kW/m2
which is greater than the triple
consumption of the modern
structure built with the least

For the impacts of system

measures, a research

compared six buildings with

Bldg. Arga Built | EU EU Standard Window Wall Roof

(m”) | Year ood practice | typical
Kane [ 13699 | 1971 | 615 348 568 Single | Noinsulation | No insulation
Boole | 19662 | 1971 | 620 348 568 Double | No insulation | No insulation |
O’R [ 11812 | 1997 | 340 348 568 Double Insulation Insulation
CEE [ 1741 | 1910 | 424 112 205 Single | Noinsulation | No insulation
EE 2791 | 1954 | 445 112 205 Double | Noinsulation | No insulation
ERI 2781 | 2004 | 182 112 205 Double Insulation Insulation

different renovation solutions

EU — Energy Usage (kWh/m2/yr); EU Standard — reference: energy consumption guide 19.




Number of initiatives
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1997 1998 1999 2090

2001/ 2002|2003 2004 2005 2006 2007 2008 2009 2010

317 116 | 156 | 168 | 198 | 210 | 235 | 285 296 317 | 324 345 378 389

(Source: Attia et al. 2012)
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Correlation Analysis for Starting Energy Simulation
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Conceptual Schematics Design Development

== Correlation
Coefficient

M Confidence
Intervals

(Source: Gultekin et al. 2011)

Evolution of BPS Tools (Architects vs. Engineers)

M Architects Tools ™ Engineers Tools

post-design post-design pre-design
evaluative evaluative informative



Project Aim

To develop an integrated process model and
decision support system that can provide proactive
guidance to project managers and integrated teams in

undertaking: -eff|C|ent retrofits of existing

Systems
Energy Efficiency
Range (%)

Technical
Criteria

Options > Options >
() % %
R
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Research Tiers
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Case Study

"" Test+Range
1. Individual ECM calculated 3| TraneTrace
~ eQuest
HAP
v
Case Stud Literature Review
’ Process Model DSS Energy Prediction

Critical Decisions |

|

Technical Criteria

2. Synergies informed

RMI Retrofit Guide ECM
3 Retrofit Processes
To-Be Deep Retrofit Process Calculation
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Simplified Tools: E10 & DA

Technical Reports: NL, AIA-DOE
ASHRAE (baseline)

Comprehensive Forward
Simulation: EnergyPlus

Commercial Reference
Building (PNNL & NREL)




Process Model
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Project About

Interviews with
Project Team

oz Retontpssvoo1 T . o N — -

o) DSS Project
Project | Value Elicitation | Report

_Key Decision Points
=)-Conceptualization
! Establish Operational Parameters
Identify Daylight Opportunities
Decide Required Levels of lllumunation
Analyze Shape and Proportions
Identify Envelope Schema
Identify Roof Schema
Identify Window Schema
Evaluate Load Reduction with Schema Strategies
Evaluate Daylighting Strategies
=-Criteria Design
‘ Evaluate Electrical Load Reduction Strategies
Identify Ventilation Strategies
Select Cooling System
SelectHeating System
Decide Ventilation Strategies
=-Design Development
Finalize Heating Efficiency
Finalize Fan Efficiency
Finalize Pump Efficiency
Finalize Chiller Efficiency

==

Options for Identify Window Schema

Relative Weight and Ranking

Technical Window 's";si"’;‘:r"‘"
Criteria U-Value Ereerey

0.55
Option 1 0.35

Decision Maker: Responsible Party
C' Project Manager ‘K:" Architect

@ Mechanical Engineer () Electrical Engineer

Collaboration: Integrated Systems

Existing Conditions

Passive Active
Spatial Mechanical
Enclosure Power
Interior Lighting

Synergy: Decision Points
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Case Studies
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Environment




Decision Point Window Generation

Caniianra NiaAnram

Decision Point Option Window Creation

- DecisionPointsT DecisionPointWind
T T
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X

initTCDataGrid()
¢ TCData List

;) Sort TCData
setDecisionMaker()
setCollaborationinfo()
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setSynergisticActivity()

setRelativeWeightRanking()
Sorted TCData List 5
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Critical Energy Efficiency
Decision Points

|dentify Daylight Opportunitie
Decide Required Levels of I —
Analyze Shape and Proportic Unit  Baseline Option  System
|dentify Envelope Schema e
|dentify Roof Schema
|ldentify Window Schema
Evaluate Daylighting Strateg
Evaluate Electrical Load Red
|dentify Ventilation Strategies
Select Cooling System
Select Heating System
Finalize Heating Efficiency
Finalize Fan Efficiency

inalize Pump Efficiency
PENNSTATE

% daylight hours

Natural Lighting Hours
Interior Lighting Power Density W/saf 11 1 0.8
Window-Wall Fraction % (<50) 33 20 0.9
Wall R-Value (assembly) ft2fh/BTU 5 20 3.4
Roof R-Value ft2fh/BTU 20 30 1.3
Window U-Value BTU/ft2fh 0.62 0.4 3.2
Shading YN 0 1 0.4
Daylighting controls YN 0 1 43
Ventilation Rate cfm/sqf 0.7 0.5 4.7
Chiller Efficiency cop 2.638 3.517 3.8
Boiler/Furnace Efficiency % 78 88 6.1
Heat Recovery YN 0 1 2.7

AHU Fan Type kwi/cfm 0.000702  0.0005 3.7

Pump Type % 85 95 3.9




Icien
Buildings Hub

« Research Laboratory and EducCation Facility
« 30,000 sqgf- Design-Bid-Build
« Target: LEED Gold & 38% reduction in energy

consumption of the building

— Energy Efficient System Selection, Sensory-rich, stimulating and
scale appropriate environment

— Daylighting, Natural Ventilation and Lighting, with User-interaction
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ECM2

ECM3
ECM4

ECM5
ECM6
ECM7
ECMS8
ECM9

ECM10
ECM11

ECM12
ECM13
ECM14

Energy Efficient Buildings

Interior Lighting Power
Density
Window-Wall Fraction

Wall R-Value
(assembly)
Roof R-Value

Window U-Value
Shading
Daylighting controls
Ventilation Rate
Chiller Efficiency

Boiler/Furnace
Efficiency

Heat Recovery
AHU Fan Type

Pump Type
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% daylight hours

W/sqf

% (<50)
ft2fn/BTU

ft2fh/BTU
BTU/ft2fh
Y/N

Y/N
cfm/sqf
COP

%

Y/N
kw/cfm
%

Hub Calculations

“

ECM1 Natural Lighting Hours

100

1.1
i3

2.726

80

0
0.000702
85

10

2.48
17.5

24

30
0.32
0.4

1

0.3
3.517

96

1
0.000661
90

Individual System
Parameter Efficiency

-11.04
-0.31153846

4.533333333
319
5.090909091
0.16

4.3

7.05
3.419567691

9.76

2.7
0.750990099
1.95

Overall:
33% [E




nergy Innovation
Center

* Business Incubator: Green Technology
Demonstration Showcase under the ownership of
Pittsburgh Green Innovators Inc.

« 300,000sqf (27,870sgm)- Design Build Delivery

o Target: LEED Platiniim_ & RRO/.. rachictinn in anarnv
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ECM2

ECM3
ECM4

ECM5
ECM6
ECM7
ECMS8
ECM9

ECM10
ECM11

ECM12
ECM13
ECM14

Energy Innovation Center

Interior Lighting Power
Density
Window-Wall Fraction

Wall R-Value
(assembly)
Roof R-Value

Window U-Value
Shading
Daylighting controls
Ventilation Rate
Chiller Efficiency

Boiler/Furnace
Efficiency

Heat Recovery
AHU Fan Type

Pump Type
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% daylight hours
W/sqf

% (<50)
ft2fn/BTU

ft2fh/BTU
BTU/ft2fh
Y/N

Y/N
cfm/sqf
COP

%

Y/N
kw/cfm
%

Calculations
| ew | ww | emam | meows

ECM1 Natural Lighting Hours

100*

1.1
33

0
20*
1.2
0*
0*
0.6
2.93

80*

0*
0.000702*
85*

10

2.1
23

20
30
0.43
0.8

1
0.2
4.4

98

1
0.001
97

Individual System
Parameter Efficiency

0.692308

4.533333
1.3

11.2

0.32

4.3

9.4
6.354949

10.98
2.7
-5.45842
4.68

Overall:

44%




Health and Human

Development Building

* Research Laboratory and Education Facility
« 39,147 sf- Design-Bid-Build (Standard Retrofit
Process)

« Target: LEED Silver & 23% reduction in energy
consumption of the building

* Include the use of recycled materials, regional
materials, and low-emission materials




Health and Human Development

ECM1 Natural Lighting Hours % daylight hours
ECM2 Interior Lighting Power ~ W/sqf
Density

ECM3 Window-Wall Fraction % (<50)

ECM4 Wall R-Value ft2fh/BTU
(assembly)
ECM5 Roof R-Value ft2fh/BTU

ECM6 Window U-Value BTU/ft2th
ECM7 Shading Y/N
ECM8 Daylighting controls Y/N
ECM9 Ventilation Rate cfm/sqf
ECM10 Chiller Efficiency COP

ECM11 Boiler/Furnace %
Efficiency
ECM12 Heat Recovery Y/N

ECM13 AHU Fan Type kw/cfm
ECM14 Pump Type %

PENNSTATE

N/A

N/A
N/A

100*

1.03
22.9

15.38
20.82
0.45
0*

0*

2.93

80*
0*

Building Calculations

“

N/A

N/A
N/A

60

0.93
23.1

15.62
21.28
0.4
0.4

0

4.1

100

Individual System
Parameter Efficiency

0.8
-0.01385

0.0544

0.0598
0.727273
0.16

N/A

0

5.101251

N/A
N/A

Overall:

19%@

\ G "“
(e ""”/,

12.2

CE
s_\ur-‘j:.

0




Contributions

* This study contributes to an integrated design
process by providing critical decision stages
with regard to energy performance, and
describing the resolution of system decision
making conflicts by adding criteria impact.

* This relative system performance evaluation is
also useful in defining the scope of system
retrofit by presenting a comparison of options
relative to a standard baseline.

* |t assists project managers and collaborative
ew d@Sign teams to evaluate the individual imp
@”.,_;g of ®ub-system decisions earlier by identifying
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