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Executive Summary

Michigan State University is a public institution located in East Lansing, Michigan. The main campus is 5,200
acres which includes 579 buildings (85 with instructional space) and 18 miles of roads. The University supports
over 45,000 students and 10,000 employees.

For this report on facilities and infrastructure, administrative units were asked to be self critical in analyzing
problems, performance and emerging issues. No attempt was made to prioritize issues across the report. As a
result, the report illustrates both challenges and triumphs for operational units.

MSU continues to use the Just-in-Time method to address replacement and repair of its infrastructure. JIT has
helped MSU reduce its backlog of maintenance projects. However due to market conditions, the funding
source for JIT will decrease. The challenge becomes managing the maintenance needs of the university with
limited resources.

Construction and quality of the construction process continues to improve. However despite substantial
completion rates of 100%, final completion rates are only 14%. The incorporation of contractor and owner
scorecards, and implementation of change order recommendations by the School of Planning, Design &
Construction keep quality and on-time completion a primary focus in the construction process.

Environmental stewardship and the university’s power and water needs has been a top concern of many
administrators. High fuels costs have been a factor in tuition increases. Furthermore, world leaders continue to
focus on energy management and climate change. Michigan State University has implemented several
programs under the Environmental Stewardship Initiative, engaging student, faculty and operational
enterprises along the way. Much progress has been made, but despite slowing the slope of energy demand
and an increase in waste diverted from the landfill, MSU continues to increase its overall consumption.

Transportation plays a large role in environmental stewardship through reducing greenhouse gas emissions
and providing alternative transportation. MSU Bikes is the only university operation of its kind in the Midwest
and has become a leader in showing other institutions how to provide accessible bike transportation in a
campus setting. Transportation Services has also made efforts to reduce its carbon footprint by proactively
exploring energy efficient technologies, right sizing the fleet to meet university needs, and reducing its
environmental impact.

With over 55,000 students and employees safety and security remains a top priority. In 2008, several colleges
and universities saw catastrophic flooding which threatened their infrastructure. MSU is being proactive in
planning for floods as well as other emergencies. Units continue to explore new training and technologies to
prepare MSU for improve the current system and address potential risks.

This report also shows how MSU is making use of its central campus and off campus space. MSU is taking
care to manage its academic spaces, but also using its public spaces to infuse art and culture through its
public art program.

This report shows a snapshot of the state of the facilities and infrastructure at this point in time. Due to the size
and complexity of the institution, there are likely several topics that may not have made it into this analysis.
MSU continues to invest a significant amount of time, intellect and resources to support the teaching, research
and outreach missions of the university. Those who manage the facilities and infrastructure will continue to
self-analyze and reflect on ways to address current and future challenges to support the university community.

F.L. Poston
Vice President of Finance and Operations, Treasurer



JUST-IN-TIME

Introduction

The Just-In-Time (JIT) facilities evaluation process requires a comprehensive review of all campus
infrastructure components in order to determine their condition, estimate their failure date, and
schedule necessary repairs. The industry-predicted life-cycle (typically years before the replacement
is needed) of infrastructure systems is used as the starting point for potential replacement. This
method is commonly referred to as deferred maintenance. This number is adjusted to account for
actual university experience with the life-cycles of essential components. Observations are made in
the field during preventive maintenance and testing of building system components. This refined JIT
information is collected in a database and used to predict annual maintenance and replacement costs
for the next 20 years.

With the JIT approach, the intent is to predict when critical infrastructure components are approaching
failure. This allowed the university to keep up with the JIT needs. Accurate assessments of future JIT
needs make it possible to coordinate JIT projects with other active construction and renovation
projects, thus allowing them to be combined when beneficial. However these opportunities will go
away with fewer funds available. The advantage of this planning approach is that campus disruptions
and multiple repairs at the same location are minimized, and project costs are often reduced. This
protocol also provides the opportunity to manage the funding of these projects with greater flexibility.

When the Just-In-Time process was developed in 2000-01, MSU had an estimated deferred
maintenance backlog of approximately $360 million for General Fund infrastructure work. As JIT
implementation progressed, the $360 million backlog figure was reevaluated in the light of MSU field
observations and integrated into the projections for future infrastructure needs. The result was a 20
year projection of JIT needs. The JIT process tracks facility needs in three time scales: 1) Zero to five
years, 2) Five to ten years, and 3) Ten to twenty years. The needs for the first five years are
determined by an analysis based primarily on field inspections; projections for the five to ten year
period are determined by industry life-cycles adjusted for MSU experience; and the remaining ten
year forecast is determined by industry life-cycle alone. The JIT system has been effective in
addressing the original $360 deferred maintenance figure. As of last fiscal year, there is no remaining
backlog for deferred maintenance.

Analysis

In the 2007-08 64 JIT projects, valued at $32 million, were funded. Of these projects, 43 (67%)
addressed building needs, 17 (27%) addressed utility and power and water needs, and 4 (6%)
addressed road repairs. There was $10 million of unfunded JIT needs due to the redirection of JIT
resources to the Farm Lane Underpass Project in FY 2007-08.

The General Fund 20 year JIT forecast identifies $560 million of work that must be performed in order
to preserve the safety and reliability of the university infrastructure. This is slightly higher than last
year'’s forecast of $548 million, primarily because of data refinements.

Securing adequate funding for each year’s identified needs is critical to the management of the JIT
program. The downturn in the economy and resulting loss of investment income is projected to
significantly reduce the resources available for infrastructure projects for at least the next three years.
Unfunded needs are transferred to the following year’s list. Figure 1 shows the cumulative impact of
reduced funding on 2012-13. The annual funding need will quickly compound to a point where it



reaches an unattainable level and such deferments increase the risk of infrastructure failure on each
delayed project.

Over the past three years, Housing and Food Services (HFS) has also developed a database to track
JIT needs. During this time, HFS has made significant progress by reassessing its JIT infrastructure
needs using the same guidelines and criteria as those used for the general fund. One notable
difference, however, is that HFS is uniquely dependent on marketability as a factor in the assessment
of their facilities. As a result, many furnishings, fixtures, and equipment appear as JIT items for HFS
facilities that would not appear on the list for facilities supported by the general fund. HFS currently
projects its JIT 20 year funding need at $555 million.

General Fund
Five categories comprise the JIT infrastructure needs for the General Fund facilities: buildings, utility
distribution systems, power and water systems, sidewalks and roads.

General Fund JIT Needs
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Figure 1. Annual General Fund JIT Needs for the next 20 fiscal years

In recent years, endowment trust earnings have been the primary source of funding for JIT projects.
For 2009-10 through 2011-12, it was anticipated that approximately $60 million would be available
from that source. The sharp downturn in the economy has reduced the amount of funding likely to be
available to $16 million — a $44 million difference. Because of this reduction, many JIT projects from
2009-10 through 2011-1212 have been delayed until 2012-13, and Figure 1 reflects this with a



dramatic spike in JIT needs for that year. Even if the original $60 million allocation had been
available, the amount of JIT work needed in 2010-12 would have exceeded the $60 million funding by
$28 million. The adjusted allocation numbers boost that shortfall to $72 million for this 3 year period.
Specifically, there were delays of $36 million in building projects, $25 million in utility projects, and
$11 million in road repairs from 2009-10 through 2011-12.

Years 2014-15 — 2018-19 are also a concern, with the annual funding need ranging between $40
million and $60 million. These substantial targets will be difficult to realize. Maintaining the key
components of the campus infrastructure system while operating near failure will be a challenge. JIT
funding needs after 2019-20 are considerably less and it may be possible to begin to catch up on
work which has been carried forward from prior years. However, the projected costs may increase as
the data for the outlying years is refined.

General Fund JIT Needs by Category
FY2009/10 - FY2018/19
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Figure 2. Annual General Fund JIT needs from fiscal year 2010 through fiscal year 2019 for buildings, utility distribution,
power and water, and roads. The red line shows the anticipated average of funds available for JIT.

A more accurate analysis of JIT needs is provided by field inspections, which are incorporated into
the 10 year outlook. The data can reveal trends that are developing within each General Fund
category (Figure 2). Between 2012-13 and 2018-19, funding needs for both Power and Water and
Roads become more stable while building and utility distribution needs fluctuate. During that time,
many of the building systems and campus utilities constructed in the 1950’s and 60’s will reach the
end of their adjusted life cycles. Based on past experience, it is projected that a significant number
will either need major maintenance or replacement within this period.



The largest percentage of JIT needs for the next ten years are in the Buildings category, which has
three components: the building envelope, building systems, and interior finishes. Emphasis has been
placed on building envelope projects as the highest priority, in order to preserve the protective
barriers which shield the elements. Examples of these projects include roofs, exterior masonry,
windows and doors. High priority is also being given to building systems projects, which include
HVAC systems, building electrical systems, elevators, and plumbing. If left unaddressed, building
systems failures will result in significant interruptions to the operation of a particular facility. In fiscal
year 2008-09, 47% of JIT funding for buildings were committed to building envelope projects, and
52% went to building systems.

The third component of the JIT buildings category is interior finishes. This component, which includes
floors, walls, interior doors, toilet partitions, and ceilings, is given the lowest funding priority. Only
interior projects that could result in safety hazards if neglected are considered for JIT funding. In
fiscal year 2008-09, 1% of JIT funding for buildings was used for interior finish projects. Continuing
this approach into future years raises a concern that, over time, the appearance of older campus
buildings will further decline.

Many of the steam tunnels located on the north part of campus are nearing one hundred years old.
As a result, structural repairs are needed to these tunnels or even replacement in some cases. This
JIT category accounts for increases in the utility distribution costs required over the next ten years.

A significant number of road upkeep projects have been completed in recent years. For the
remaining projects, work continues as funding is available. Roads which have previously been
reconstructed to current standards can usually be maintained by milling and recapping (patching
small sections of the road) the surface. As a result, the JIT need for campus roads is projected to
remain more stable in outlying years, contingent on future assessments of pavement condition due to
winter weather.

A General Fund category still in development is campus pathways. While the cost to bring the
pathways back to a serviceable condition is not of the same order of magnitude as for the other
general fund categories, the problem must still be addressed. Funding for the on-going maintenance
of campus pathways has typically been scarce. As result, repair work has not kept pace with needed
maintenance and the aging pathway system has deteriorated. Approximately 20% of the 3.7 million
square feet of pathways on campus (about 17 acres) have been categorized to be in poor or fair
condition, characterized by cracked, broken, or settled concrete. Poor conditions inevitably affect the
safety and serviceability of the walks. Some pathways are inadequate in width for the present needs
of pedestrian or bicycle traffic.



JIT for Campus Pathways
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Figure 4. Annual General Fund JIT needs from fiscal year 2010 through fiscal year 2019 for campus pathways.



General Fund Cumulative JIT Needs
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Figure 3. The cumulative growth of General Fund JIT needs for the next 20 fiscal years

If no JIT funding were provided for the next 20 years, the cumulative cost for deferred projects would
equal $560 million by 2028-29. A critical period of growth in JIT funding needs occurs between 2012-
13 and 2018-19. During these years the components of many buildings and systems which were
constructed in the 1950’s and 60’s will reach the end of their adjusted life cycle. From 2019-20
through 2028-29, there is a much more gradual increase in JIT needs as the backlog of major
maintenance challenges is addressed. It is possible, however, that these amounts may increase as
more field observations are performed through time.



Housing and Food Services

The Housing and Food Services JIT needs for the next twenty fiscal years are evaluated in the
information below.

Housing and Food Services JIT Needs
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Figure 5. Annual Housing and Food Services JIT needs for the next twenty fiscal years

The 20-year JIT projections for Housing and Food Services (HFS) have increased substantially from
$384 million in FY 2007-2008 to $708 million this year for two reasons. First, as HFS has shifted to
using the same JIT categories as the General Fund, the twenty year cycle has been updated to
reflect new, more comprehensive data. Second, over the past 15 months HFS has undertaken a
comprehensive strategic planning process that studied every aspect of the division, from both
facilities and operational points of view. This plan has outlined the need for a more aggressive facility
improvement schedule which directly impacts the timing of JIT needs. Maintaining of a high quality
appearance is required in residence halls and other entertainment facilities to encourage successful
occupancy and use levels.

Individual residence hall projects in the Brody complex are forecasted to begin in 2010, with one
building being off line continuously until 2016 when residence hall renovations will be complete in that
complex.



Housing and Food Services Cumulative JIT Needs
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Figure 6. The cumulative growth of HFS JIT needs for the next 20 fiscal years

Over the next 20 fiscal years, the Housing and Food Services JIT needs will total nearly $555 million.
JIT needs that are not addressed when scheduled will escalate the backlog. HFS’s challenge is
balancing the need to provide dynamic, attractive, flexible spaces with meeting the financial
challenges to manage basic facility infrastructure needs.

Future Directions

The summary of general fund and JIT requirements shows the financial challenges facing the
infrastructure at the university. If an adequate and consistent source of funding cannot be
established, the university runs the risk of multiple failures within the various infrastructure systems.
Special attention must be given to 2012-13 through 2018-19, which have the greatest funding
requirements.



Total University JIT Needs
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Figure 7. Annual JIT needs for the next twenty fiscal years includes General Fund categories and Housing and Food
Services

Many of the “Just-in-Time” projects include the added benefit of energy savings when completed.
Projects such as window replacements, roof replacements, exterior door replacements, chiller
replacements and air handler replacements will in generally improve energy conservation by
maintaining an air-tight building envelope, increasing insulation or installing up to date equipment that
will operate more efficiently.

Using the most recent data, the combined value of General Fund and Housing and Food Services JIT
needs for the next twenty fiscal years will exceed $1.1 billion, with half of that amount attributed to the
General Fund and the other half attributed to Housing and Food Services.
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Figure 8. The cumulative growth of General Fund and Housing and Food Services JIT needs for the next 20 fiscal years

There are some major challenges facing the University when addressing JIT in the years ahead.

Declining investment portfolio performance threatens to reduce resources for JIT, delaying a
significant number of projects to future years. This will have a negative impact on the
effectiveness and safety of an already aging campus infrastructure system.

Replacement criteria for JIT for windows, chillers and other energy saving projects may be
revised due to the impact on reducing energy demand.

Campus pathways, parking ramps, and parking lots are also being evaluated for JIT needs so
funding will be required for these areas as well. The concern is that more work will have to be
done with fewer resources.



CONSTRUCTION
Summary

Given that adequate facilities are vital for MSU to perform its missions of education, research, and
outreach, the University continues to invest heavily in design and construction. For the past 4 years,
payments to contractors have comprised at least 5% of the total university budget. This volume will
continue, as the Board of Trustees authorized an unprecedented amount of construction during FY
2007-08. Much of the work is outside East Lansing, including projects in Grand Rapids, Detroit, and
Dubai.

MSU has improved performance in several areas. The majority of projects have been completed by
the required substantial completion date and within budget. Progress has been made in meeting final
completion and reducing change orders caused by design issues. More feedback is being given to
contractors to facilitate process improvements and better overall performance. Projects are tracked
through the Facilities Asset Management Information System (FAMIS) and Skire Unifier software to
provide timely and accurate project information, and to report on project performance as a whole.
The data provides the opportunity to analyze our strengths and weaknesses to improve processes.
As the projects continue to increase in volume and complexity, MSU examines processes and
implementing improvements in project management that engage designers, contractors, and the
campus community.

Analysis
Annual Construction Report

The annual construction report that reviews completed projects for the Board of Trustees is included
in the report appendix. Appendix A lists 37 major and minor capital projects with a value of $35 million
that were closed in FY 2007-08. These projects were completed on average at 7.2% under budget.
Quarterly reports for active projects have also been sent to the Board of Trustees.

Project Approvals

The Board took 46 actions construction projects during FY 2007-08, including authorizing 15 for
authorization to plan, 20 for authorization to proceed, and 11 for bid and contract award. Figure 1.
Since Design Build and Construction Management projects do not require bid and contract award,,
the Board authorized construction on 19 projects for a total of $186 million, Figure 2. This
unprecedented amount includes projects such as the Secchia Center, the MSU Surplus & Recycling
Center, the Wharton Center for Performing Arts - Additions, Cyclotron - Office and Low Energy
Research Additions, and Mary Mayo Hall Renovations. This does not include the Farm Lane
Underpass project, which is managed by the Michigan Department of Transportation, or pending
projects such as the Broad Art Museum, Brody Renovations, Power Plant Fuel Handling
Modifications, Life Science College of Nursing Addition, or the Parking Ramp 2 replacement.
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Figure 1. Capital Projects Submitted for Board of Trustee action.




Value of Board-Approved Capital Projects by Fiscal Year
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Figure 2A. Value of Capital Projects Submitted for Board of Trustee action. This figure includes the Facility for
Rare Isotope Beams (FRIB) project. It is not yet determined at Authorization to Plan if a project will be
delivered as Design Build, Construction Management, or Design Bid Build.



Value of Board-Approved Capital Projects by Fiscal Year
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Figure 2B. Value of Capital Projects Submitted for Board of Trustee action. This figure excludes the Facility for
Rare Isotope Beams (FRIB) project. It is not yet determined at Authorization to Plan if a project will be
delivered as Design Build, Construction Management, or Design Bid Build.
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Figure 3. History of Approved Capital Projects by fiscal year. Note the Board approval process changed in
April 2006, increasing the threshold to $1,000,000.

Prior to April 2006, projects were counted either at contract award or appointment of the construction
manager. Since then, projects are counted at Bid/Contract Award for design-bid-build projects or



Authorizations to Proceed for construction management or design build projects. Amounts are based
on project budgets, not contract amounts.
Construction and Design Volume

In FY 2007-08, total payments to contractors were approximately $90 million, a decrease from 2006-
07, but consistent with FY 2004-05 and 2005-06.
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Figure 4. Construction Payments by Fiscal Year.

It should be noted that 4 projects accounted for nearly $50 million in payments: The MSU share of
the Farm Lane Underpass Project, the Duffy Daugherty Football Building - Addition, Snyder Phillips
Hall Renovation, and Chemistry - Office Addition and Renovations.

Design payments increased by 74% in the past year. Most of these payments were made for the
Secchia Center, Brody Hall Renovations, Duffy Daugherty Football Building - Addition, the MSU
Surplus & Recycling Center, the Wharton Center for Performing Arts - Additions, and Holden Hall -
Public Area Renovations, and various Just-In-Time (JIT) projects.



Design Payments by Fiscal Year
for FAMIS Capital Projects
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Figure 5. Design Payments by Fiscal Year.

The FY 2008-09 construction payments should increase as work continues on the Secchia Center,
Wharton Center for Performing Arts - Additions, the MSU Surplus & Recycling Center, and Mary
Mayo Hall Renovation, and commences on Brody Hall Renovation, T.B. Simon Power Plant - Coal
Handing Modifications, and selected JIT projects. Design activity should also remain relatively high
in the coming year, with design commencing on the Morrill Hall replacement, the Plant Science
Addition, the Life Sciences Addition, and other programmatic projects. The current economic
uncertainty will force reduction of JIT funding by $44 million. Furthermore, as competition for funds
increase there may be fewer resources available for discretionary projects, which could negatively
impacting design and construction volume.



Forecasted Construction Payments
for Fiscal Year 2008 - 2009
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Figure 6. Predicted Construction Payments for Fiscal Year 2008-2009.

Construction payments are scaled along the right hand axis. Design Payments are scaled along the left axis.
This chart shows that design payments are a leading indicator of construction activity. Construction payments
for 2008-09 are projected based payments for July-October 2008.

Construction Change Orders, Particularly Document Changes

As Campus Planning and Administration (CPA) and Engineering and Architectural Services (EAS)
strive to make improvements, one of the earliest focus areas has been reducing the number of
construction change orders, which consumed more than 40% of contingency for projects closed in FY
2007-08. Change orders are a reality in the construction process for a number of reasons -
undocumented field conditions, such as bad soils and concealed asbestos; document discrepancies,
where the work specified either cannot be built or does not meet the intent of the project; and scope
changes requiring additional work at the discretion of the University.

Though often necessary, changes can lead to delays in construction and disputes with contractors.
Often these disputes are not from a single change, but numerous small changes which can lead to a
contractor claiming that the volume of changes delayed the project or impacted their productivity, in
turn leading to a demand for substantial additional compensation. These concerns have prompted
MSU to track change order rates by calculating the dollar value of change orders divided by
construction payments (Figure 7). Scope changes modify the function or capacity of a facility, and
may include changes to the quality of finishes and furnishings, or change the size of the building or
program to be included in the project. These are the most easily controlled source of change, and
are discouraged. Initial efforts were good, with overall changes dropping significantly in 2005, and
scope changes dropping in 2006. After a sharp increase in FY 06-07, document changes decreased
in FY 07-08, but are still higher than the goal of 6%.



Change Order Rate vs. Construction Payments
for Active & Closed Projects by Fiscal Year
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Figure 7. Change Order Rate vs. Construction Payments for Active and Closed Projects by fiscal year.

Other factors are being reviewed that may be better indicators of change order performance, such as
the categories of construction or the work discipline (roads, mechanical, utilities, etc). Projects closed
in the past three years have been categorized as New Construction (complete new building, road, or
parking lot), Renovations (reconstruction or reworking of existing space), or Additions (new space
added to an existing facility), and by the work discipline, including Roads and Parking, Mechanical
and Electrical Equipment Replacement, Elevators, Roofs and Building Envelope, Steam and
Underground Utilities, Site, and Program Space (which includes classrooms, offices, laboratories, and
clinical space).

Renovations had the highest occurrence of change orders at 10% of construction contract. Additions
were comparable, with an 8.9% change order rate. New Construction projects only experienced
change orders of 1.4% of construction contract. This is to be expected, since renovation work has the
most unknown information, particularly in occupied buildings where investigation behind walls and
above ceilings may not be possible. The work disciplines that had the greatest change order rates
were Mechanical and Electrical Equipment, Roads and Parking Lots, and Roofs and Building
Envelope. Roads, lots, roofs, and building envelopes all have hidden conditions inherent in the work.
The existing conditions can be assessed only after removing the existing veneer. Mechanical and
Electrical equipment replacement projects are difficult to design to ensure they meet operational
requirements in the limited space available. This leads to more changes both for field conditions and
for design clarifications. This data will be further analyzed in the future, particularly for variations
among scope, field, and document changes.



Table 1. Change Orders by Construction Type

value of Change Orders FY 2005-06 through 2007-08
by Type of Construction Cg?ggre Contract | % of Contract
............ New Construction: 13,869 959,438 1.4%
7777777777777777777 Renovation: 9,244,484 92,099,628 10.0%
Addition: 465,524 5,217,964 8.9%
Total: 9,723,878 | 98,277,030 9.89%0

Table 2. Change Orders by Discipline

VEle 6 Sl Oes FY 2005-06 through 2007-08
by Discipline Cgf;e(‘:’re Contract | % of Contract
________ Roads & Parking Lots 2,295,662 21,845,230 10.5%
Mechanical & Electrical
~______ Equipment_ 2,697,118 22,652,845 11.9%
7777777777777777777777 Elevators 209,631 5,844,326 3.6%
_Roofs & Building Envelope 1,645,399 | 14,159,185 11.6%
Steam & Underground
. Utlities 346,750 5,593,496 6.2%
_______________ Program Space 1,759,278 20,030,064 8.8%
Site 770,040 8,151,884 9.4%
Total: 9,723,878 | 98,277,030 9.89%0

It is possible that the apparent lack of progress on construction change orders is caused, at least in
part, by a shift in the mix of construction at MSU. More than 90% of the construction in this sample
was renovation, with only 1% new construction. This is consistent with the Vision 2020 Master Plan
principle to reuse existing facilities whenever possible. These disciplines are typically Just-In-Time
work, which has also been emphasized in the past five years. It should be noted that construction in
FY 2008-09 will have more new construction, including the MSU Surplus & Recycling Center and the
Secchia Center, and JIT funding will likely be reduced in future years. If these trends continue,
change order rates should decrease simply because of the change in the portfolio of construction.

Physical Plant EAS continues to make adjustments to improve document quality. In 2004, the School
of Planning Design and Construction submitted a set of recommendations for change order process,
of these 33 recommendations, 29 have been or will be implemented (Appendix B). Some
recommendations were rejected after reviewing the potential impact to customers and contractors.
Additionally, some recommendations conflicted with MSU’s construction goals. For example, the
report recommended that pre-construction contingencies be reduced. After review, customers
preferred budget certainty with the potential for funds to be returned rather then project increases as
a result of change orders coming from unknown factors. Accordingly, the recommendation was not
implemented.



School Planning, Design, & Construction Recommendations
from Change Order Study
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Figure 8. School of Planning, Design, & Construction Recommendations for Change Order Study.

The Physical Plant skilled trade staff is available for field investigation of existing buildings. This
allows designers to explore hidden areas during design, and minimize unknown conditions
discovered after construction begins. From January 2007 through October 2008, EAS staff submitted
more than 1,700 plan review comments on 169 projects bid for construction. The plan review process
will be further developed in the Skire Unifier Project Management software.

Since projects typically last for more than one and often more than three years, it is difficult to
measure the results of process changes within short periods. Projects and processes will continue to
be evaluated for opportunities for improvements.

Timely Project Completion

Substantial Completion requires that a project is usable for its intended purpose (e.g., a road
intersection is open, classes or research can be conducted in a laboratory, or an elevator is permitted
to carry passengers). MSU has made progress in project completion. Figure 9 shows that 39 of 45
projects (89%) met substantial completion on time or ahead of schedule versus 80.8% and 86.7% in
FY05-06 and FY06-07, respectively. Consequently, the percentage of projects which missed
substantial completion has declined from 19.2% in FY 05-06 to 11.3% in FY07-08. The percentage of
late projects have declined as the number of projects has increased, indicating that the construction
team is doing a better job in meeting substantial completion.
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Figure 9. Performance Meeting Substantial Completion for Capital Projects.

In the data represented above, projects that did not meet substantial completion on schedule did not
impact vital university functions, such as classrooms and laboratories being unavailable for teaching
or residence halls not open for move-in. MSU emphasizes schedule requirements by setting realistic
substantial completion dates with MSU clients, specifying those requirements clearly in the bid
documents, and then holding contractors to a high standard of compliance. EAS is using a more
demanding scheduling specification for most large projects, and has emphasized schedules at
contractor and consultant forums.

Final Completion requires that all activities for a project be finished, including the contractor’s punch
list of corrective items and work performed by MSU forces for tasks such as landscaping, installation
of telecommunications and data networks, and instructional media, and procurement of furnishings
and equipment. It also requires that all expenses are complete and unused funds are returned. Only
32% of the 37 projects that were closed during fiscal year 2007-08 met final completion on schedule,
a modest improvement from last year (29%). Figure 10 shows progress over the past 3 fiscal years,
though there is still room for improvement.



Performance Meeting Final Completion (Close Out)
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Figure 10. Performance Meeting Final Completion (close-out) for Capital Projects.

There are a number of factors that inhibit timely final completion. The University self-performs many
functions on a construction project, including landscaping, procurement of furnishings and equipment,
computer and telecommunication networking, and the selection and installation of public art. These
functions tend to occur toward the end of the project. Many projects have not had realistic schedules
for accomplishing these activities. Reviewing the poorest performing projects for FY 2007-08, it
appears that the primary causes for slow closeout were either late customer requests for additional
work, or lingering work by owner that took longer to resolve than expected.

In order to be successful in timely project completion, self-performed work must be better integrated
into the schedule. In response to this issue, the University is putting more effort into setting and
maintaining schedule information throughout the project, all the way to final completion. Schedules
are assembled in consideration of MSU activities. Rather than waiting for the completion of all field
activities, staff are closing portions of the work as it is complete. CPA and EAS meet regularly to
review the status of projects that are substantially complete. EAS is updating the university
construction specifications to require that contractors dedicate a percentage of their price to close-out
activities.

In April 2008, the School of Planning Design and Construction (SPDC) completed a study to evaluate
the project close-out process. Timelier project close-out would be a benefit to all project stakeholders,
including the MSU user, the project implementation team, contractors, and designers. One
recommendation is to track project closeout in two segments; from substantial completion to final
payment to the contractor (T1), and from final payment to final closeout of the project (T2). Figure 11
displays the average durations for these times, along with total closeout duration for the past three
fiscal years.
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Figure 11. Average days for T1 and T2 Durations for Closed projects by Fiscal Year.

Overall closeout time continues to decline, though there is clearly opportunity for more improvement.
T2 time has dropped significantly in the past 3 years, and we believe this is a product of better
planning for owner-performed work, and closer review of project budgets and status as construction
proceeds.

Skire Unifier™ (Project Management Software)

Because our projects are very complicated, and the expectations for project management are high,
these endeavors are now balanced against a spectrum of needs. After reviewing alternatives, the
University has decided to implement project management software. The purpose of this software is to
enable MSU to standardize business processes and improve collaboration, information sharing, and
overall construction performance.

After reviewing available options, the University selected Skire Unifier™, an integrated web
application which will be used by MSU staff, contractors, and design professionals. Implementation is
proceeding; major construction business processes are currently in place, and projects released for
bid on or after November 1, 2008 are using Skire to process payments, change orders, and budget
approvals. Physical plant and CPA are striving to have all estimates created in Skire by spring, 2009.

Skire Unifier™ was selected in part because it is a highly configurable system that allows MSU to
create processes tailored to our operations. To fully benefit from a project management system, the
University must review how it conducts business, and be willing to change its model when
appropriate. To this end, the implementation team has identified to date 74 business functions that
could be improved or better defined, and more will certainly be added.

Quality Control (Contractor, Owner, and Designer Feedback)
The University has established a scorecard for general contractors and construction managers for

use as a feedback tool. In general, contractors view MSU as a preferred customer and want to meet
our expectations. The scorecard is a tool for making contractors and construction managers aware of



opportunities for improvement in their work performance. It may also become a resource when
considering contractors. As part of project close-out for major capital projects, the construction
representative or project manager evaluates contractor performance through a standardized score
card to rate each project and vendor. Appendix B ranks project scores for work completed (final
payment made to the contractor) in the fiscal year.

It is the Construction Representative who shares the scorecard with the contractor, along with
average scores. The Construction Superintendent reviews poor performance with contractors who
have had multiple mediocre or unacceptable projects.

Figure 12 shows contractor scores to date for fiscal year 2007-08, as compared to our goal of score
or at least 80%. While contractors are scoring relatively well on cost, project management, and close-
out, they are somewhat less successful meeting our expectations on schedule and quality.

Average Scores for Contractor Score Card
for Capital Projects by Fiscal Year of Final Payment
Quality
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Figure 12. Average Contractor Score for Capital Projects after Final Payment.

Note: Not all factors have equal weight. The green area (Improvement Goal) is the target for good
performance.
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Figure 13. Contractor Score Card Performance for Capital Projects.
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Figure 14. Average Contractor Score Card by Fiscal Year.

Michigan State University strives to be an owner of choice for contractors, and that includes
continuing to improve our practices and processes to accentuate value. To that end, contractors are
asked to complete a scorecard on University performance. Figure 14 shows contractor scores to date



by fiscal year, compared to the goal of scoring 100%. Although contractors perceive the close-out
process as a challenge, it is encouraging that they continue to see MSU as a preferred customer.

The Design Professional Scorecard has been created and its results will be reported in next year’s
facilities and infrastructure report. Physical Plant EAS is also creating a customer scorecard to collect
information from MSU departments. The School of Planning Design and Construction will also assist
in improving the vendor feedback process.
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Figure 15. Average Scores for Owner (MSU) Score for Capital Projects.

Not all factors have equal weight. The green area represents the Improvement Goal.
Future Directions
Post Occupancy Evaluation

To date, most of the collected data focuses on objective criteria related to design and construction,
particularly cost and schedule. It is time to expand our feedback resources to include information
about customer satisfaction and perceptions, building performance, and accomplishment of stated
design goals. MSU is organizing a formal Post Occupancy Evaluation (POE) program, which will
measure these factors, and create a feedback loop to immediately address project problems, as well
as a “lessons learned” catalog of experience for similar future work. It is hoped that this will upgrade
the design and construction process, and create a stronger connection between delivering facilities
and MSU's success in providing education, conducting research, and advancing outreach.



Environmental Stewardship
Summary

In 2006, an Environmental Systems team made of faculty, staff and students from many disciplines
came together to research methods to improve environmental stewardship on campus. In January
2008, the systems team announced 26 recommendations in 6 focus areas — systems management,
energy reduction, material reduction, purchasing, behavior & culture change, and communication - to
reduce MSU’s environmental footprint.

Since January 2008, tremendous progress has been made in implementing all 26 of the
recommendations. Subsequently, additional research and pilot studies were conducted to identify the
next set of focus areas for campus. Twenty-four (24) new recommendations address long-term
planning, additional reduction strategies and new technologies. The centerpiece of the new
recommendations is the establishment of long-term campus stewardship goals — 15% reduction in
greenhouse gasses from the power plant, 15% energy (electrical & steam) reduction and 30% landfill
waste reduction by 2015. These goals will help MSU make significant environmental changes and
keep the university on target with future legislation.

Despite the momentum and success in environmental stewardship, challenges remain. Campus
growth adds more energy load to the power plant, future resources to implement changes are not yet
identified, and planning beyond 2015 is contingent on a variety of factors that are uncertain. The
systems team has been taking steps to address each of these challenges and prepare for an
environmentally sustainable future for MSU.

Analysis

The six focus areas from the January 2008 recommendations — systems management, energy
reduction, material reduction, purchasing, behavior & culture change, and communications — are in
the implementation phase. The initiatives have touched several areas on campus and have been
successful. The following analysis describes the progress in the six named focus areas.

Systems Management

The Geographic Information Systems (GIS) office creates spatial information databases. The office
created an environmental stewardship map portal as a method of organizing waste and energy data.
From the GIS website, www.gis.msu.edu, anyone can see how much energy was used, how much
waste was land filled, and how much materials for recycling were collected in campus buildings from
month to month. In addition, the site creates building reports that give a snapshot of waste and
energy reduction. The building reports relate energy and waste data to MSU’s goals of 15%
reduction in energy (electrical and steam), 15% reduction in greenhouse gases, and 30% reduction in
waste by 2015.

A considerable challenge in creating the data management tool was the source of data itself, as
energy and waste data is complied per building, thus, departmental data is not available. Technology
improvements are continuously happening, yet it is difficult at this time to parse out the impact of a
section of a building. Although one particular department may not be the single source of a building’s
results, it is important for every department to be part of the solution.


http://www.gis.msu.edu/

Electrical metering has been a primary focus of implementing an effective environmental information
management system. The adage, ‘you can’'t manage what you can’t measure’ is especially true for
energy consumption. Energy data collection and reporting back to campus is critical to behavior
change according to the Environmental Stewardship Behavior Group studies. A 3-year electrical
meter upgrade project was funded to provide real time feedback to building occupants on electrical
energy use. The smart meters provide additional information for analysis on an hour by hour, or
minute by minute basis for each building. To date 20 buildings have real time electrical energy
meters installed and they can be viewed on the web at www.meters.msu.edu. Smart meters give
help the physical plant identify, in real time, issues such as malfunctioning equipment, which results in
poor energy performance. With no smart meter, the HYAC management staff must wait 30 days for a
meter reading to identify HVAC performance issues. There are over 100 additional buildings in which
the smart electrical meters are to be installed, which will allow students, faculty and staff to view their
consumption in a building with a click of the mouse. This type of feedback is important to energy
conservation behavior change and creating a culture of environmental stewardship on campus.

Energy Reduction Strategies

A suite of energy reduction strategies were implemented including classroom consolidation, heating,
ventilating and air conditioning (HVAC) schedule reductions, residence hall initiatives, programming
revisions such as variable air volume (VAV) plus, new technologies including indoor air quality
sensors, motion and light sensors , continuous commissioning and transportation.

HVAC Schedule Reductions

A 2007 MSU study showed that by reducing HVAC run times by one hour in each building
should save 3% of the building’s energy. As a result, physical plant began to systematically
reduce run times on the air handlers to cumulatively reduce the run times by at least one hour.

Classroom Consolidation

Smarter building utilization was hypothesized to result in lower energy use in campus
buildings. Classroom consolidation, moving classes from lower utilized buildings to higher
buildings, was one approach to reducing energy consumption. In some buildings, a couple of
classes resulted in an entire building staying open and fully heated or cooled into evening
hours. Seven buildings were targeted for classroom consolidation pilot - Agriculture Hall, Baker
Hall, Giltner Hall, Natural Resources, Old Horticulture, Olds Hall and Urban Planning.
Accommodating course needs was a top priority. Classes were moved to proximate buildings
and relocated to rooms that could accommodate the size, space and technology requirements.
Out of the seven pilot buildings, five showed energy reductions from calendar year 2007 to
2008. See Natural Resources Figure 1 and 2 as an example and Figure 3 for summary.

The combination of the other energy reduction strategies and the environmental stewardship
program has resulted in reductions in several additional buildings on campus.


http://www.meters.msu.edu/
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Figure 1. Energy reduction attributed to classroom consolidation in the Natural Resources
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Figure 2. Energy reduction attributed to classroom consolidation in Agriculture Hall




Classroom Consolidation

MWHRS SS at .08 Metric
cents/KWhr Tons CO2

2007 6609 528,720 4295.85
2008 6397.7 511,816 4158.505
Savings 211.3 16,904 137.345

Figure 3. Summary of megawatt hours, dollar and CO2 savings as a result of classroom consolidation.

Housing & Food Service Reductions

The Division of Housing and Food Service (HFS) has made several changes which has led to
an average of 6% electrical energy reduction in 18 out of 22 facilities.

The conservation activity in South Complex Halls (Wonders, Case, Wilson and Holden) is a
good example of energy reductions throughout the division. Overall, South Complex reduced
their energy usage by a combined 27% last year; each hall had a 6 - 8% energy savings and
the complex reduced energy consumption 10% in the previous year.

In Wonders and Case Residence Halls, a large amount of the electrical reduction was due to
replacing light fixtures with energy efficient fixtures. Ballasts were changed from T12 to T8
fixtures. Eighty percent (80%) of the light fixtures in Wonders were changed, and in Case Hall
hundreds of compact fluorescent bulbs were installed.

The primary focus for South Complex reductions was lighting fixtures which operated 24 hours
per day and 7 days per week (24/7). If the fixture ran 24/7, it was updated with a more efficient
fixture or replaced. In Wonders Hall, scheduling for the Kiva (large air conditioned meeting
room) was more stringent. No air conditioning was provided for small groups. South Complex
(Wonders, Case, Wilson and Holden Halls) is a very active area with many space use
demands.





