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About Harvard

0600+ Buildings, over 23 million square feet, new campus in
development

oLarge Population: 2500 faculty, 12,000 staff,
20,000degree & 15,000 non-degree students

oHighly Decentralized

oComplexinfrastructure and organizational systems
oComplex stakeholder environment

oMixture of out-sourcing and in-house campus operations
oPolitically charged

0GHG emissions have grown by over 60% in the last 15 years
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Harvard receives the highest national green campus ratings from:

V The Sustainable Endowments Institute
VThe Princeton Review

V SierraClub

V Grist




- Guiding Principle:

Copyright

Systems Based Problem and Solution

Infrastructural Organizational
Systems Systems
Energy supply and Mission
distribution
Leadership Style

Material supply and
disposal

Food supply
Water supply and disposal

Building design and
construction

Building Mechanical
Systems
Aventilation
Aremperature control
Transportation

Non-vehicular Circulation

Landscaping
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Organizational Culture
Information Systems

Procurement systems

Decision Making Processes

Finance & Accounting
Structures

Human resources
Aosition Requirements
Ancentives

Arraining
Capital Developments

Building operations and
maintenance

Campus planning

Earth Earth
Systems Im pacts
Ecosystems Species extinction,

Climate systems
Atmospheric systemg

Oceanic systems

Geological systems

Water systems

Nutrient systems

increases in infectious
vectors from insects

Climate disturbance

Ozone depletion, air
pollution

Rising sea levels, deep
ocean current changes,
fisheries depletion

Desertification, land
pollution, mineral and
resource depletion

Water pollution,
scarcity and unreliable
rain fall

Depletion of saoil quality,
build -up of toxins in
soils




‘Guiding Principle:

The Sustainability Enabled Organization

The global environmental imperative requires us to
changethe way in which we do almost everything. The
end goal, environmental sustainability, is a moving target.

Therefore any organization or individual that is serious
about addressing the environmental imperative needs to
expand their capacities for engaging in the process of
changeitself.

The oOsustainability enaf.
greater capacity for change and the related ST
processes of continuous innovation and
organizational transformation.

Copyright Leith Sharp 2009



Guiding Principle:

Stable Change

Most believe that people are innately averseto change. A more
useful assessmentis that people have an aversion to instability
and are actually invigorated by change when it occurs with
adequate stability.

Therefore, the sustainability enabled
organization is able to foster ongoing
and significant change while
maintaining the stability of the

organization, entity or process. Librarian . A change sgen

ensures knowledge and information
are free and accessible to all.
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Time and Money
+

Attention

+
Technology and Design

+
Skills and Capacities
+
Politics and Power
+
Organizational Limitations
+

Cognitive Limitations

+
Lack of integration and
optimization across disciplines,
departments, operational
components etc




Time and Money
+

Attention
+

Technology and Design
+

Skills and Capacities
+

Politics and Power
+

Organizational Limitations
+

Cognitive Limitations

+
Lack of integration and
optimization across disciplines,
departments, operational
components etc

Business Development, Finance and Accounting

Advocacy

Expertise in Green Building, Energy, Transportation ett
Education and Training

Governance, Strategy, Alliance Building and Influence
Leadership and Organizational Culture

Social Marketing Techniques, Emotional Intelligence

Systems Thinking




Guiding Principle:

Trust Based Relationships

Sustained innovation depends upon the ability of peopleto
trust one another in the face of uncertainty and risk, to believe
that they will be supported in the process of learning and
discovery and to be willing to invest in mutual understanding
and transparency.

Therefore, the sustainability enables
organization invests significant effort in
fostering and maintaining a web of
mutually respectful relationships across
the institution.

Copyright Leith Sharp 2009



Relationships provide a
Powerful Stabilizing Force for
Change

If the average person can change the thinking of 3 people they have
arelationship with over a period of 6 months and each of these
people go on to do the same

1 0

3 6 Months
9 1 Year

27 18 Months
81 2 Years
243 30 Months
729 3 Years
2,187 42 Months
6,561 4 Years
19,683 54 Months

59,049 5 Years



Guiding Principle:

The Leverage Principle: Be the Rudder on t
Rudder

Even the biggest ships can be turned by a small force if it is
directed at the point of maximum leverage.
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Co-Chair
Faculty, Harvard School of

Public Health
Prof. Jack Spengler

Director,
Leith Sharp

Co-Chair
Assoc. VP, Faclilities &

Environmental Services
Tom Vautin

23+ Full-time
Staff

30 Part-time
students
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Change Management Team

Green Building Operations
Green Building Design

Campus Occupant Engagement Programs

Environmental Procurement

Residential Green Living Programs

HGCI Base Program Staff

Renewable Energy

HGCI Courses at Harvard Extension School

ASustainability i The Challenge of Changing Our
Institutions
AGreen Building Design, Construction and Operations

DEY08 Operating Cost =$2.2million DAnnual Savings = $7+ million

U 20% Office of President and Provost & central administration sources.

U 80% from fee for service partnerships funded on the basis of extensive savings
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A Business Model for Green Collar Jobs

Base Program Total Annual
Funding Full Time Staff University
Savings

FYO1 $ 80,000
FYO02 $264,000 4 $400,000
FYO03 $648,000 8 $700,000
FY04 $890,000 11 $1.5 million
FYO05 $857,000 11 $3 million
FYO06 $1,155,000 16 $5 million
FYO7 $1,700,000 19 $6+million
FYO8-FY09 | $2,200,000 24+ $7+million
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Empowering Others to Lead

There 1 s no problem becauseée.the planet i s|
capacity to absorb our pollution

There is a problem but 1tdés not mine becaupg:
dondét count, my influence iIis too smal/l

There i s a problem, I am involved, | probalp!
get the funds, | dondot know how, | dono6t ha\
doesnodét seem to want i1 t, thereds no reliabf

it etc l

There is a problem and | am fully engaged in working on my part

of the solution in every way possible!
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Transcend Finance, Accounting & Budgeting Barriers

Finance and accounting systems currently incentivize and
Institutionalize inefficiency, silos and component optimization
at the expense of larger systems optimization and best
business practices.

Annual budgeting processes also exclude ongoing investments
In innovation and continuous improvement.

Therefore, the sustainability enables
organization has reformed its finance and
accounting structures to drive efficiency and
optimization at the systems level while
purposely stimulating innovation and
continuous improvement.
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Transcend Financial Barriers

Green Campus Loan Fund:

$12 million interest-free capital for conservation projects

Existing Buildings New Construction

——

Full capital cost covered Cost deltafunded
5year payback 10 year payback maximum
maximum

_ Lifecycle costing used
Simplepayback used

$8.5+ million lent since 2001
200+ projects

30+% average return on investment



Harvardodos Green Camf@8 I nitiati v 4

Transcend Financial Barriers

Sample of Simple Payback and Return on Investment by
Project Type.

Project Type Number of Simple Payback Return on

Projects (years) Investment

Behavioral Change &) 1.29 8%
Transportation I 1.64 61%
Kitchens 4 3.16 32%
Cogeneration 1 3.99 25%
HVAC 16 322 31%
Irrigation 1 4.80 21%
Recycling 1 475 21%
Lighting 37 3.65 27%
Insulation 2 9.98 10%
Fhotovoltaics 1 20.79 5%
Total 70 2.86 35%




Green Campus Loan Fund

Resource Green Campus Loan Green Campus Loan Green Campus Loan
Conservation Fund for Existing Fund DOUBLED and Fund DOUBLED again
Incentive Program Buildings EXPANDED to include
(RCIP) New Construction
>

1993 - 1997 January 2002 July 2005 April 2006
A$1.5mil Revolving Fund A$3 mil Revolving Fund A$6 mil Revolving Fund A$12 mil Revolving Fund
A5 year maximum simple A5 year maximum simple A5 year maximum simple

payback period payback period payback period for existing

- buildings
A$2.6 mil in loans over 5 years
A340 A10 year maximum payback
34% Return on Investment period for new construction to

AUnused after 2 years due to fund cost difference only
lack of service support




Life Cycle Costing

A method of project evaluation in which all costs

arising from owning, operating, maintaining and
ultimately disposing of a project over an agreed period
are accounted for and conver

In short, life cycle costing allows for the consideration
of medium and | ong term cost
decisions.

When can it be used?

New Construction

Major Renovations

Capital Projects

Routine Replacements or Upgrades

Day to day purchases that incur any ongoing
costs




How Should LCC Be Used In the
Decision Making Process?



How Should LCC
Be Used In the
Decision Making
Process?

1. To compare different options (e.g. ground
source heat pumps versus natural gas furnace)

2. To determine financially optimal efficiency
level (e.g. amount of insulation)

3. To identify medium and long term savings for
potential reinvestment or immediate
justification of integrated design solutions



Closed loop geothermal system for heating and cooling, ventilation rates
for lab space designed to 6 air changes per hour with night time set - back
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Lab Integrated Design and LCC Case Study: Weld Hill

Ventilation Rates

1 Cubic Foot per Minute (CFM) of outside air cost about $2.20 in energy over
the year at Weld Hill.

Switching from 10 Air Changes per Hour(CH) to 6 ACH saves about 10,000
CFM.

Results in energy savings of approximately $22,000 per year.

Air Handling Units (AHU) can also be downsized.

AHUs cost about $5/cfm. AHU savings is $50,000.

Since peak loads arereduced, we save in well field and Heat Pump sizing.
Reducing the air flow by 10,000 CFM saves us 18 tons of cooling.

Saves about 4 wells and 1 HP, which nets a savings of $80,000.

Switch from 10 to 6 ACH saves $130,000 first cost, $22,000
annually.



Base Case vs. Design Case Comparison

Use ASHRAE 90.1 2004, Appendix G: Performance Rating Method to complete this
comparison. Table G3.1.1A specifies the system that should be used as the "Base

Case" mechanical system. depending on your building's characteristics.

BASE CASE
ASHRAE 90.1 2004
Prescriptive Requirement

DESIGN CASE
Building as Designed

Building Envelope

Glass Selection

U-Value: 0.57, SHGC: 0.39

Glass Selection

U-Value: 0.29, SHGC: 0.39

Building Envelope

Exterior Walls

U-Value: 0.123

Exterior Walls

U-Value: 0.072

Building Envelope

Roof
U-Value: 0.063

Roof
U-Value: 0.026

Heating and Cooling Diives

Heating and Cooling Drives

Drives Constant Speed Variable Frequency
Lighting Lighting Power Density Lighting Power Density
Optimization Per ASHRAE (1.1 W/SF offices) 0.9 Watts/SF overall
Lighting Controls Lighting Controls
Lighting Controls Manual Switches Occupancy Sensors
Cafeteria Cafeteria Ventilation Controls Cafeteria Ventilation Controls

Ventilation

Constant Ventilation Rates

CO2 based VAV ventilation

Heating Hot Water
Temp

Heating Hot Water Delta T
Delta T is 20°F

Hearing Hot Water Delta T
Delta T is 30° F (larger coils)

Kitchen Exhaust

Kitchen Hood Controls

Constant Volume Hoods

Kitchen Hood Controls
Melink Kitchen Exhaust Controls

Cooling Loop

Air Conditioning
DX Chillers - 9.0 EER

| Air Conditioning
Central Plant - PICC Valves

Enthalpy Wheel

Energy Recovery
None (OA less than 70%)

Energy Recovery

80% sensible & latent recovery

Fan Coil Units

FCU Controls
Constantly On While Occupied

FCU Controls
Cycle On & Off Based On Temp.




A Business Model for Cost Neutral, Climate

Neutral Buildings

Adopting 20 years net present value accounting
framework for evaluating carbon neutrality investment
and return options for each building.

Track and reinvest savings from energy demand
reductions to fund onsite renewable energy, fuel
switching, additional efficiency efforts and carbon
offsets.



Costing Case Study

Building Name Leverett Towers F & G

Department Faculty of Arts and Sciences

Description Complex of 2 1istory towers

Age Built 1959; renovations every 4 ye i

Size 121,697 square feet

Occupancy 158 suites, 20 tutor apartments; 300 residents
Demographics Undergraduates, graduate tutors

Lease format Academic year appointments; temporary summer housing
Building systems and Heat/ventilation: Steam to forced air and radiant heat;
utilities Hot water: steam

Air conditioning: window units
Electricity: tutor kitchenette appliances
Natural gas: dryers (1992001 only)

2006 GHG emissions 1537 MTCDE



Cost Neutral Climate Neutral Building Case Study

Leverett Towers Investment Summary

% of
Component Portfolio
Energy Conservation Measures 17%
Renewable Energy Technology (onsite) 3%
Fuel Switch 22%
Offsets 58%

Behavior Program (P20)

Investment Period

2007-2009
2007-2009
2012-2020
2012-2020
2007-2020

MTCDE /yr

255

49
345
888

((33)



Cost Neutral Climate Neutral Building Case Study

(Further information can be provided by Debra Shepard (dshepard@eheinc.com)

Leverett Towers Investment Summary

% of

Component Portfolio Investment Period MTCDE /yr
Energy Conservation Measures 17% 2007-2009 255
Renewable Energy Technology (onsite) 3% 2007-2009 49
Fuel Switch 22% 2012-2020 345
Offsets 58% 2012-2020 888
Behavior Program (P20) 2007-2020 (€X))

Leverette Towers Financial Summary for Climate Neutrality
Net present value through

Financial Category 2020
Investments (ECM, RET, Fuel Switch, Behavior) ($1,068,958)
Savings (ECM, RET, and Behavior) $1,142,947
Carbon Offset Purchases ($68,268)

TOTAL PROGRAM Net Present Value $5,721
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Build New Capacities

o o
gy

There is much research to support the idea that learning is best served when
Amoti vati on thasistosdywhen the icdividual is self-motivated
rather than externally motivated.

Experience that has no emotional engagement are not likely to be effective in
generating new mental representations.

Gardener, H. (1999) The Disciplined Mind: What All Students Should Understand. New
York: Simon & Schuster.
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Peer to Peer Programs

Residential Green Living Lab User Engagement:
Programs : 9000+ Harvard residents. Fume hood competitions have
13+% electricity reduction, 30+% generated over $400,000in
recyclingincrease. Over $300,000 p.a annual energy savings
savings

Green Skillet Competition: 500
staff. The winning kitchen

Peer to Peer Training . reduced electricity use by 23%
Programs:  Staff training

each other to save energy
through better building
management
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Occupant impacts
on building
operations &
environmental
Impacts

oo .

According to the EPA Individuals can affect 32% of personal ghg

emissions through electricity use, waste, and transportation
choices!
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Cultural Change T The New Norm

Harvard Longwood Campus @&F¥

FAS ECO - COMPETITION Green Tip @f the Month

Building Building
Level Criteria Qccupants
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Staff Green Teams:
BuildingEnergy
Competitions Insist on a little
down time.
Social Marketing: harvard
Fostering energy sustainability /
. . pledge -
conserving and recycling : : \
. What will YOU do this year to
habits across Harvard s oo -,<
. J
\" \ gl ——

Sustainability Pledge:
8,000+ Harvard members
made their online pledge in
2007




