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Designing for ZNE
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Getting to Zero in 6 Simple Steps

1. Target Setting
2.Contract to Achieve the Target

3.Design to the Target
4.Build to the Design

5. Operate to the Design
6. Occupy to the Design
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Targeting ZNE

Establishing your solar and energy budget

ARCHITECTURE & ENGINEERING

COLUPANT

HEATING/COOLING TENANT

+ high performance glass + “irresistable” stair to dis-

+ high parformance walls & low courage elevator use
infiltraticn = haating setpoint w/radiant

+ 65% effective heat recovery * cooling setpoint w/radiant

+ ground source heat pumps + daytime office cleaning

+ demand controlled ventilation + 80% laptop, 20% desktop

ventilative cooling = phantom loads
+ radiant slab cooling

LIGHTING PV ROOF & FACADE

+ rraximize daylishting 264,000 kwh/vear
\ + daylight dimming supports 52,000 gsf
= lighting power {with 10% safety)

ENERGY USE INTENSITY: ENERGY CONSUMPTION PER FLOOR AREA
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BASELINE BUILDING
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kWhs/sf/yr

Packard Building
Target: 18 kBtu/sf/yr (EUI)
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Courtesy: EHDD
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Leading by Example LEED PLATINUM
Packard Foundation 49,000 SQUARE FEET

ZNE PERFORMANCE

=  Energy use can be reduced by 65% through
integrated building design and aggressive
reductions in plug loads

= Innovative use of roof-mounted photovoltaic
panels will offset any energy used

David and Lucille Packard Foundation | Los Altos, CA

=  Two daylit office wings with blinds and shades to
control solar heat gain and glare

= Rainwater collected for toilet flushing, irrigation;
stormwater is retained on-site.

" 95% of construction waste recycled/salvaged

ener
grade Non-commercial reproduction of this content or use in other materials is allowed.
CALIFORNIA Please cite the source as: “California ZNE Communications Toolkit, July 2013



Contract to Achieve the Target

(RFPs & RFQs)

RFP Guidelines for Net Zero Energy Projects

» Establish net zero energy as one of the key project objectives.

= Set an annual energy use target appropriate for the net zero energy objective.

» Clarify whether or not on-site renewable energy systems will be part of the RFP;
in either case, consider how they will be coordinated with building design and
construction.

= Provide a well-crafted project definition, one that takes into account the opportuni-
ties and challenges of net zero energy.

» [f a separate RFQ is not used prior to the RFP, integrate the guidelines for RFQs
stated in the previous RFQ section.

= Establish the selection process and delivery method in support of forming a trust-based,
integrated delivery team, whose members are aligned with the project objectives.

A GUIDE FOR
COMMERCIAL ARCHITECTURE

TOM HOOTMAN
AIA. LEED AP BD4C

Net Zero Energy Design: Tom Hootman
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Design to the Target

* Use the Owners Ouners e Eaerer (PR

171 Introduction
17.2 Owner Requirements Covered Elsewhere

Project Requirements @ ===

17.6 Building Site
17.7 Transportation & Parking

17.8 Building Envelope
o 179 Indoor Environmental Quality
17.10 Emergency or Backup Power
17.11 Telecommunications and A/V Systems

] 17.12 2ecurity
17.13 Hazardous Materials
u I e e 17.14 Furnishings & Equipment
17.15 Commissioning, Inspection, and Q.A.

17.16 Construction Completion & Turnover
17.17 Operation & Maintenance

| 17.18 Owner Training
n 17.19 Post-Occupancy and Warranty

NOTE to PM/Author: Enter the project # in the footer, left side ... delete this + other notes-to-author)

17.1 INTRODUCTION

(] ] ]
. D efl n e OW n e r S P ro e Ct Along with the other sections of this Facilities Program, this Owner’s Project Requirements (OPR)
document outlines functional requirements of the project and expectations of how the facility and its
systems will be used and operated. The OPR is required for LEED certification of the project, but also
Requirements (OPR

 Establish the Basis of
Design (BoD) - the design
team approach

zerg/net/energy



Support Guidelines for ZNE

 Budget Guidelines

— Lifecycle, Selection & Pricing, Soft
Costs, Renewables

 Schedule Guidelines

— Front load design, Team continuity, —
Energy Modeling, Iterative Design et zero energy pesign:

* RFPs and RFQs
— Contract the ZNE and EUI target,

zerenergy




Life Cycle Cost Analysis - LCCA

What is the full price of a building?

Life Cycle Cost =
Net Present Value of:

V - First Costs (hard and soft)

¥ - Ongoing Maintenance Vv

v -Repair/Replacement v

- Res?‘dua/ Value v

2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036

zerenergy
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Design Process Strategies

Building

Team Integration meeting Context

to set Performance Goals /’

Design Intent/Owners
Project Requirements

Eﬂ‘u:lent Find Occupancy
Building Configuration [ @Pﬂ"ﬂ'ﬂ'ﬂﬁ. ]

Alternatives

System Selection and -
Appropriate Sizing Loads
Building &

Diagram: Betterbricks

zerenergy



Bullitt Center
Solar Budget

Typical U.S. Building

EUl =92
64,000 sf of PV High Performance Building
EUI =32
26,000 sf of PV ZNE. Building

EUI =16

‘ 14,000 sf of PV
| ;- : .

Courtesy: PAE Consulting Engineers



Bullitt Center Modeled Energy Use 16 EUI

OTHER MISCELANEOUS .
DDCSYSTEM A1 OWANCE nghtS

GARAGE DOOR OPENER o .,,/

0.1%
TOILETS i
0‘2%_\\ Heating
DISHWASHERS / i
was o P Cooling
MICROWAVES
1% .
-~ Big Ass Fans
REFRIGERATORS e
1% o
COPIERS & PRINTERS _——— | Ventilation
MONITORS
Pumps
WORKSTATIONS Elevator

wprops_~~ - DHW

Courtesy: PAE Consulting Engineers



Design: Passive First

L]
-

|
&
-
3]
-
-

L

West Facade: Edith Green, Wendell Wyatt
Federal Bldg. Portland, OR

West Facade
Reeds provide avg. 50%
shading

South & East Facades
Combination vertical +
horizontal shades

North Facade
No shading

DESIGN/ANALYSIS

WEST ELEVATION SHADING STRATEGY

Shading reduces the heat gain on
the building minimizing the energy
needed for cooling.

Courtesy: SERA Architects
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Getting to ZNE

1 INTEGRATED
PROCESS

Addressing systems through

integrated design. Chartwell School | Seaside, CA

2 DESIGN STRATEGIES + TECHNOLOGIES

Passive First!
Experienced team

Building Configuration: orientation, reduced
window ratio, directional variation of glazing

Heat and glare reduction: shading exterior
and interior, max. insulation, cool roof, night
flush,

Plug Control: wired at outlets, design for Off,
occupant dashboards

Monitoring

zerenergy




Passive
Solutions 15t

then

HVAC

zerg/net/energy

* Ground Source Heat Pumps

* Radiant I:Ieating/CooIing &

* Energy Recovery Systems% -air

Air Flow (feet per second)

Technology Trends

Chilled Beams

and water
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Design to the Target
ZNE Retrofit Actions

Low intervention: Medium

* Retro-commissioning * Lighting/Daylighting

* Controls: Building Tuning| * HVAC Equipment
Upgrades

* Plug Load Savings/Policy
* Controls: System

* Operator and Occupant Upgrade
Training
_ _ _ * Opportunistic
* Infiltration Reduction Envelope Insulation
Measures

* High
intervention:

HVAC System Switching
Envelope Upgrade

Window Replacement

Renewable Energy
System

zerenergy



Operate and Occupy
to ZNE

zerenergy
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Filling the Performance Gap

Integrating operations team into the design process

Design Construction Operations & Maintenance
Team Team Team

zerenergy




Measure and Track

You can’t improve what you don’'t measure EVO
Ilnte;'nlzfltional Perfénﬁance

Measurement and
Verification Protocol

Measurement and verification of
building performance

« Standardized Protocol: IPMVP

Concepts and Options for Determining
Energy and Water Savings
Volume 1

Design for Measurability —
« Submetering & Electrical Circuits
« Controls: Data Trending —

 Make sure you can use measured
data to improve performance!

zerée?energy

Image credit: EVO



Operational Strategies:
Start Up Strategies

* Initiation and Training to start building

operation on the right track

— Owner Orientation

— Operator Training

— Metering and Feedback Plan

— Equipment Purchase Standards for Fit-out
— Occupant Training

— Maintenance Plan

I . | U\,l (L | 6]



Energy Moni toring
BAEAPOWTRE BT

SIEMENS
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Get Control of
Controls

* Design for ‘Off
« User-friendly

* [ntuitive

* Consistent

« Qrganized

ZERO NET
fﬁﬁl ENERGY

v &
remeren (@3] . Condd QEST @ere
e & Moneywed Qe reonn
zZerg nergy e ppimie GNEEL N
Scinpider  SIEMENS  somfy O Inongas




Those Pesky People







i Types of Plug
. Control

« Software: equipment power i
management software — turn it off
. Managing Your Office
when not in use Equipment Plug Load

Guide to Energy Savings

— Controls at device or over IT network

Plug loads can be managed
through low- and no-cost
measures that are relatively

« Hardware: plug strips, sensors, timers,

This Guide shows how simple
changes can cut costs

etC . and save energy in offices. .-
— Controls at device or circuit level
* People: Prompts, Feedback, -

Campaigns, Green Policies,
Competitions

zerenergy
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VANCE

BUILDING

HISTORIC BUIIDING, MODERN GREEN DESIGN

TENANT STRATEGIES

Per Student Electricity Consumption @ EMORY

Kilowatt-hours of electricity consumed today

Floor 2 018

29 occupants 015

S o

PERFORMANCE NOW

& = &

UNIVERSITY

Floor 4

29 occupants

2.3

Kiloweatt-hours
— e

P

3%
S

PERF ORMANCE NOW

F W %

Introduction Al Systoms Electricity Heating Cooling All Campus  Green Features  How It Works

OPERATING YOUR GREEN SPACE

Hiow you Fascasge e details of omgraing opetatoos | yorst apmce afer yous lshe cxcuparny can bave s
wemendoam impact Here aie same things 1o coosider

Purthase Energy Eficient Equipmens amd Products
8 e ENFRCY STARS. rate] ecquipmen 10 emware eficiem compuens. copiens. and sppliances that
weduce the consiEmpOOn and FEperse of secnicy

W ary recyclexd pager pencucs and other office produs with high post consmmer secyried content

Control Energy Consumpaion
8 Soetich off overhead lighting shercved possible, harmess daviight, ad e Lask Eghtie tithes Suan
ight the extie space

W Actively manage dectneal equapmert. such 31 o s compaen o rechuce their power
Coumpton shd best gain and 0 esure Bt OO

 Tatlor the beatiag 10 your heeds using the Danfons iemperate ol valves on the stcam
radiaton Plesse contact the building manages i you need asistance setting the vabes fer the
temperatare that s rght for yon

Maviencze Nawral Vewtidation and Thermal Comfort
Dusing wistmer thwes of the yeas. use windows, shading, and ceiing farm b0 fanprove imdocs sir quality
and enance thermal comfon. Here e some things you cis do

w Increased i movemsen {operable windows) Open both the 10 and botiom of the windows 1o
erousage nansral ventibation theough the circuiar mevement of fresh e whch cnters thiough the
oo au stale it exits theough the top. Saudies have shown thar rasuraily weatitated belldings
FEDTally have fewet IBCIAEnCes of Sk bulking sTAIOIme becaase Jriier quantities of cutside sr
are introdaced.

W Incressed s movement (ceiling fans). Use ceiling lans 10 incresse 4kt mevement which can
Iypically Lommet he eflective comsor temperstire by 3° Fahvenheil




User Experience:
Occupant Survey Summary

Average Scale Scores by Category

General Satisfaction-Building — + B
General Satistaction-Workspace — a
Office Layout — _t
Oiffice Furnishings — + 0
Thermal Comfort — |
Air Guality — \ |
Lighting — |
Acoustic Quality — |
Cleanliness and Maintenance — & B
| T T |
-3 -2 -1 0 1 2 3
Nedative Positive

4 Overall database (N=53.969)
B LEED/Green buildings (N=12,221)

Figure 1. Average scores firom CBE web-based survey for
LEED/Geen buildings and overall database

Source: E. Arens, Brager, G., J. Goins, and D. Lehrer. 2011.
ZErg energy Proceedings ot USGBC Greenbuild Conference. Toronto.
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Influencing Developers

October 12-14, 2016 | Grand Hyatt Denver

zerenergy
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Convene Leadership and
Set Goals

Use appropriate
metrics to
communicate goals
and measure success

« Energy, Cost, GHG
emissions

» Percent improvement
versus absolute goal

« Consider non-energy
benefits as articulated by
the $3 (utilities), $30 (rent),
$300 (payroll) rule

Zero Energy Performance Index (zEPI) scale

| BASELINE
0
. —

newbuildings.org/code_policy/zepi/

zerenergy




Energy Star

Leverage Energy Star tools and i ..o
resources.

How to Apply for the Designed to Earn the ENERGY STAR®

Py H H Architects can help their clients reduce their carbon
n e rg y eS I g n g u I a n Ce footprints and energy costs by designing buildings to earn E DESIGNED

the ENERGY STAR. These buildings are designed to TO EARN THE
perform in the top 25 percent of similar buildings nationwide ENERGY STAR

- This document provides instructions to apply for Designed
C e C I S to Eam the ENERGY STAR recognition for a design project
What is Designed to Earn the ENERGY STAR?

L L] L]
[ I a r et fl n d e r' fo r d ete rm I n I n Designed to Eam the ENERGY STAR is awarded to eligible commercial new construction and
muitifamily high rise properties that are in the design or construction phase and the total annual

estimated energy use achieves an ENERGY STAR design score of 75 or higher

energy performance target ey e

Your commercial design project meets the project Bank Branch
requirements listed in Appendix A. Courthouse

+ Letter of Intent for Commercial = womoy=mmemmee | e

Distribution Center

Your design project is saved in Portfolio Manager. Financial Office
Real Estate Developer/Owner A———
Overview of the Application Process Hotel
The Architect of Record (AOR) completes all application K-12 Schooi

documents for commercial properties.

L]
Multifamily High R
and Architect of Record e
Non-Refrigerated Warehouse

AOR Letter of Intent

Office
Owner Letter of intent Refrigerated Warehouse
® e I l C l I l a r a l l ra C SPP Partnership Agreement, if applicable Retail Store
Design Profile (optional) Senior Care Community
- - Applicant completes all application documents (noted in Supermarket/Grocery Store
p e O rl I l a l I ‘ e WI O O I O Step 3B) for multifamily high rise (MFHR) projects. Whotesale Club/Supercenter
AOR or MFHR applicant submits documents to EPA Worship Facility
4. EPA notifies the applicant of their status once the review
M z l n z ig e r process has been completed
June 2015 1

zerg/net/energy



Green Real Estate
Sustainability Benchmark - GRESB

* Applies to environmental,
social and governance (ESG) i e

-----------

[
Ratall - Private
Dffice - Listed

|||||||||

« Assess sustainablility related ==

Residential - Private

lllllllllllllllll

strategies and objectives at =

llllllllll

uuuuuuuuuuuuuuuuuuuuuu

the organizational level ot
 Looks at policies at both the

organizational and portfolio North American office portfolios have
level the highest average GRESB Score

 Now includes a stand-alone
Developer Assessment

zerenergy




GRESB — Developer Assessment

For companies and fund managers
that focus on development activities
rather than managing standing
investments

Evaluates ESG performance of
actions related to new construction
and major renovations

Provides institutional investors with
qualitative insights into the ESG
performance of their real estate
investments

Participants receive a score card free
of charge but will have to pay a fee to
receive a benchmark report

2016 Developer Participants

+» China Overseas Land & Investment Ltd.

« China Resources Land

« Godrej Properties

» Goodman Group

« Arch Capital Management Co. Ltd.

» Aviva Investors

+ AXA Investment Management

« Bioconstruccion v energia alternativa

« CDH Investments

» Harrison Street Real Estate Management, LLC
« HDFC Limited

« Kendall Square Logistics Properties, Inc.

« Keppel Land Limited

+ Lendlease

» MacFarlane Partners Investment Management
» Redwood Group Asia

« Scape Australia

» SOCAM Development & TAN-EU Capital

» Tishman Speyer

zerenergy



Portfolio Example:
Gundersen Health Systems, Lacrosse, WI

Phot: AECOM

48 buildings - >2.5 million square feet
Aggressive EE and generation toward ZNE goals

A = new buildings
zernergy Nbi lide e

© New Buildings Institute, 2015



Measured Energy Stats

Porfolio Results 141 - 133 =32

TOTAL EUI PRODUCTION RPI NET EUI

Site Energy Use Index (EUI) kBtu/SF/year

241,011 15,027
NO, 161,720 31,771
COE 80,846,997 5,751,799
Mercury 2.4 0.3
Partculate Matter 434 928 30,542

F
“ Photo: Gundersen



Gundersen Take Aways

Efficiency makes financial sense
« New ZNE buildings at a low cost premium — only 3-5% in Gundersen’s case.

Community scale allows more to get to Zero Net Energy
« High density and energy-intensive building types can more readily get to ZNE

Solar PV isn’t the only option

« Gundersen has taken advantage of wind, biogas, and biomass which can come into
play especially when expanding zero net energy to a portfolio of buildings.

Setting goals is paramount
« Set an energy usage goal for the building as a first step

The leadership of a champion drives performance
and leads to success

new buildings
zerenergy nb| institute -




what part will you play in
solving the greatest
challenge of our time?

{
¥
'
=
o AN

i1 | |
__aliiis DIALOG TIME

zerenergy
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Oberlin:Collége Ada i Jo'séph Lewis Centér for ‘Environmental Stud ies | Oherlin, OH




Operations & Occupancy

Questions & Answers

zerenergy
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Closing Discussion

(J
Zerenergy 2015 Prop 39 ZNE School Retrofit Workshops



Discussion:

What are some of the barriers
facing local governments in
getting to ZNE?

ze re nergy



PERCEIVED BARRIERS TO ZNE

Cost

Funding/Financing

Lack of Information/Education/Marketing
Lack of vision/value recognition/resistence to change
Separation of capital financing and operation
Occupant expectations for conditioning

Lack of Performance/Cost Data

Lack of Life Cycle Cost Analysis

Public Perception

Net Energy Metering (NEM) Tariff Conflicts
Lack of reqmt for integrated design

Effective Maintenance & Operation to ZNE
Clear Definitions

Green champions

Poor coordination of existing bldg upgrades

4
9%

zergﬁhet&'energy

BayREN 2016 Fall Forum: ZNE For Local Governments Workshop
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LESSONS LEARNED

What we Heard from the
Early Adopters

Institutional Barriers

1. Limitations on procurement structure does not
support a design-build or integrated design process.

2. Typical state and local contracts are not
performance based.

3. State and local govs are risk averse so are hesitant
to be experimental

4. Need internal reserve funds for up front energy
efficiency investments

5. Limits on oversizing renewables are a challenge

6. Lack of qualified O&M staff for public buildings to
plan for or operate to ZNE performance.

4
Zernergy BayREN 2016 Fall Forum: ZNE For Local Governments Workshop




Discussion:

What do local governments
need to help them advance ZNE
In their own portfolios, policies

and communities?

(J
Zerenergy 2016 Prop 39 ZNE School Retrofit Workshops



INFORMATION NEEDS

Cost and Payback Info

Building Design

Case Studies

Funding

Technologies

Best Practices

Why to do ZNE messaging
Retrofits v. Replacement with ZNE
Life Cycle costing

NEM & DR Conflicts

General ZNE Info

Role of occupants and plug loads
Operations

Existing Buildings Strategies
Training for Design Professionals
Implementation strategies

5 6 7 8

1
|
|
|
|
|
|
|
|

2
[
|
|
|
|
|

zerﬁe}energy
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LESSONS LEARNED

Early Adopters need greater
resources & support.

1. Networks and forums to share lessons learned and
resources

2. Incentives and programs to support energy
modeling, LCA, integrated design process

3. Tools for communication, marketing, and
education

4. Templates for policy, contracts, performance
specifications

5. Cost & Financing Information

6. Education & Training, including: integration of ZNE
into building delivery models, ZNE operations and
role of behavior

7. More Built Examples/Case Studies
8. Removal of Policy Barriers: Creative Delivery

Options
Zerenergy BayREN 2016 Fall Forum: ZNE For Local Governments Workshop




What you can do
today to get started

1. Develop your ZNE Plan

2. Create the supporting
policy

3. Get & Use the ZNE
Communication Tools &
Planning Workbook

| 4. Build capacity by

education, collaboration,

and copvening

ZNE =y

=

(4 - \ p\\
Zernergy BayREN 2016 Fall Forum: ZNE For Local Governments Workshop

PHOTO: SF PUC, Low Energy Building, San Francisco



Share your Feedback

+ [ /\

Take the Feedback Survey:
www.surveymonkey.com/r/BayREN_ZNEWorkshop

ze re nergy




ZNE for Local Government
Workshop

Thank you!

For more information and resources
visit: www.newbuildings.org/zero-energy

Contacts:
Cathy Higgins, higgins@newbuildings.org
Heather Flint Chatto, heather@newbuildings.org

4
Zernergy BayREN 2016 Fall Forum: ZNE For Local Governments Workshop



