


What	  I’m	  going	  to	  conclude	  .	  .	  .	  

1. The	  choice	  is	  ours.	  Solar	  energy	  can	  be	  a	  major	  component	  
of	  Minnesota’s	  energy	  mix	  in	  the	  near	  term,	  if	  we	  make	  the	  
choice

2. Buildings	  are	  infrastructure.	  	  The	  design	  choices	  we	  make	  
today	  can	  constrain	  or	  enable	  future	  market	  opportuni>es.	  
Design	  to	  accommodate	  the	  future.



What	  is	  ‘Solar	  America	  Communi;es’?

✤ Twenty-‐six	  ci>es	  across	  the	  na>on	  serving	  as	  laboratories	  
of	  solar	  market	  transforma>on	  tools.	  	  Ci>es	  included	  a	  
wide	  variety	  of	  local	  circumstances:

• Outstanding,	  good,	  and	  adequate	  solar	  resources

• Expensive,	  average,	  and	  low	  electricity	  costs	  

• Social/poli>cal	  environments	  commiIed	  to	  climate	  protec>on,	  and	  
social/poli>cal	  environments	  in	  denial



Solar	  Ci;es
Minneapolis	  Saint	  Paul

✤ Program	  goals	  were	  to	  promote	  market	  expansion	  of	  solar	  
technologies	  through	  deployment	  of	  solar	  systems	  in	  
visible	  loca>ons,	  market	  iden>fica>on,	  and	  technical	  
outreach.

• Build	  a	  solar	  infrastructure	  leading	  to	  a	  quintupling	  of	  market	  
penetra>on	  of	  solar	  electric	  capacity	  in	  the	  Twin	  Ci>es	  by	  2010

• Develop	  a	  long-‐term	  strategic	  plan	  for	  the	  sustainable	  large-‐scale	  
deployment	  of	  solar	  technologies	  in	  the	  Twin	  Ci>es	  by	  2015

• Demonstrate	  leadership	  by	  example	  by	  expanding	  the	  use	  of	  solar	  
technologies	  in	  public	  buildings
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Solar	  Ci;es
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• Demonstrate	  leadership	  by	  example	  by	  expanding	  the	  use	  of	  solar	  
technologies	  in	  public	  buildings



What	  Is	  Market	  Transforma;on?

✤ Changing	  the	  way	  the	  market	  for	  a	  par>cular	  good	  or	  
service	  operates	  in	  order	  to	  beIer	  capture	  value	  or	  
otherwise	  achieve	  societal	  benefit

• Accelera>ng	  along	  the	  cost	  curve

• Removing	  market	  barriers

• Fixing	  market	  failures



What	  Is	  Market	  Transforma;on?

✤ The	  Solar	  America	  Ci>es	  market	  transforma>on	  efforts	  
include	  crea>ng	  tools	  to	  accelerate	  our	  movement	  along	  
the	  declining	  cost	  curve	  .	  .	  .



What	  Is	  Market	  Transforma;on?



What	  Is	  Market	  Transforma;on?



What	  Is	  Market	  Transforma;on?

✤ BUT	  .	  .	  .	  The	  solar	  energy	  revolu>on	  will	  not	  occur	  when	  
solar	  becomes	  a	  cost-‐effec>ve	  resource.	  	  

✤ Energy	  efficiency,	  which	  has	  long	  been	  a	  cost	  effec>ve	  
resource,	  s>ll	  requires	  market	  transforma>on	  efforts.

• Market	  barriers

• Market	  failures



What	  are	  Local	  Barriers?

✤ What	  are	  local	  barriers	  to	  wide-‐scale	  adop>on	  of	  cost-‐
effec>ve	  solar	  energy?	  	  

• Barriers	  in	  the	  physical	  landscape

• Barriers	  in	  the	  economic	  landscape

• Barriers	  in	  the	  social/poli>cal	  landscape



Physical	  Barriers	  

✤ The	  Minneapolis	  Saint	  Paul	  area	  has	  lots	  of	  empty	  roof	  
space	  for	  capturing	  our	  solar	  resource.

However	  .	  .	  .	  

• Building	  roofs	  were	  not	  been	  designed	  to	  accommodate	  solar	  
technologies.

• Buildings	  and	  infrastructure	  were	  not	  placed	  on	  the	  landscape	  
(subdivision,	  site	  design,	  etc)	  to	  accommodate	  solar	  energy	  capture.



Removing	  Physical	  Barriers	  

✤ The	  Minneapolis	  Saint	  Paul	  area	  has	  lots	  of	  empty	  roof	  
space	  for	  capturing	  our	  solar	  resource.

However	  .	  .	  .	  

• Streamline	  the	  process	  and	  reduce	  costs	  for	  retrofi\ng	  buildings	  that	  
can	  accommodate	  solar

• Inves>gate	  structural	  building	  modifica>ons	  that	  will	  allow	  solar	  
installa>ons	  to	  be	  placed	  on	  buildings	  that	  cannot	  readily	  
accommodate	  solar

• Create	  a	  “solar-‐ready”	  building	  specifica>on	  geared	  to	  Minneapolis	  
and	  Saint	  Paul	  housing	  and	  small	  commercial	  construc>on,	  to	  limit	  
future	  physical	  barriers	  to	  solar	  installa>on
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• Create	  a	  “solar-‐ready”	  building	  specifica>on	  geared	  to	  Minneapolis	  
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1. Understand	  why	  exis>ng	  buildings	  create	  a	  market	  barrier

• Define	  “solar	  ready”	  in	  the	  context	  of	  problems	  with	  exis>ng	  buildings

• Provide	  guidance	  to	  incorporate	  solar	  ready	  concepts	  in	  the	  design	  process	  
and	  the	  construc>on	  process

Removing	  Physical	  Barriers	  





Solar	  Ready	  Building	  
Design	  Guidelines	  Objec;ves:

✤ Illuminate	  the	  cost	  benefit	  
and	  simplify	  the	  
requirements	  of	  solar	  ready	  
construc>on	  for	  residen>al	  
and	  commercial	  buildings

✤ Inform	  team	  members	  of	  
available	  reference	  
documents

✤ Make	  the	  process	  and	  
technologies	  more	  
transparent

✤ Give	  an	  overview	  of	  the	  
decision	  points

✤ Create	  a	  clear	  path	  for	  
decision-‐making

✤ Describe	  the	  responsibili>es	  
of	  team	  members



✤ Solar	  Ready	  Buildings	  Planning	  
Guide	  –	  2009

• Detailed	  background	  on	  
elements	  of	  solar	  ready	  
construc>on

• System	  requirements	  to	  
consider	  in	  the	  planning	  and	  
design	  phases

• Guidance	  in	  developing	  
building	  code	  and	  
community	  regula>ons

Reference	  Documents:



✤ Solar	  Thermal	  &	  Photovoltaic	  
Systems	  –	  2007

• Iden>fies	  solar	  system	  
engineering	  issues

• Addresses	  affordability	  and	  
marketability	  of	  zero	  net	  
energy	  houses

• Includes	  detailed	  
descrip>ons	  of	  ST	  &	  PV	  
systems

• Includes	  case	  studies	  of	  
various	  scale	  installa>ons

Reference	  Documents:



✤ Building	  America	  Research	  
Benchmark	  –	  2007

• Tracks	  progress	  of	  zero	  net	  
energy	  homes

• Provides	  benchmarks	  
developed	  with	  industry	  
teams

• Extension	  of	  Home	  Energy	  
Ra>ng	  System	  (HERS)

Reference	  Documents:



✤ Site	  Planning

✤ Building	  Form	  Planning

✤ Space	  Planning

✤ Roof	  Planning

✤ Mechanical	  &	  Electrical	  
System	  Planning

Solar	  Ready	  Building	  
Design	  Guidelines	  Content:



How	  the	  Guidelines	  are	  Organized



✤ City	  Plat	  and	  Ordinance	  
Varia>ons

✤ Planning	  for	  Solar	  Access

✤ Aesthe>c	  Considera>ons

✤ City	  Regulatory	  Issues

Site	  Planning



✤ Site	  &	  Plan

✤ Organiza>on

✤ Building	  Massing

✤ Orienta>on

✤ Roof	  Form

Building	  Form	  Planning



✤ Space	  for	  Inverters	  &	  
Disconnects

✤ Distance	  from	  Solar	  Array	  to	  
Inverter

✤ Space	  for	  Water	  Storage	  
Tanks

✤ Space	  for	  Valves,	  Pumps,	  
Heat	  Exchangers,	  Expansion	  
Tanks,	  Etc.

✤ Chase	  from	  Solar	  Array	  to	  
Mechanical	  Space	  for	  Piping

Space	  Planning



✤ Area

✤ Materials

✤ Roof

✤ Pitch

✤ Obstruc>ons

✤ Structure

✤ Moun>ng	  Systems

✤ Roof	  Warranty

Roof	  Planning

www.treehugger.com/20081126-‐solar-‐panels-‐roof.jpg



✤ Empty	  metal	  conduit	  from	  roof	  to	  
main	  service	  panel

✤ Electrical	  panel	  space	  for	  power	  
input	  breaker

✤ Space	  in	  breaker	  box	  for	  the	  solar	  
electric	  feed

✤ Produc>on	  Meter

✤ Ground	  solar	  electrical	  system

✤ Pipes	  from	  roof	  to	  tank	  loca>on

✤ Insulate	  and	  cap	  pipes

✤ Sensor	  wire	  parallel	  to	  water	  pipes

Mechanical	  &	  Electrical	  
System	  Planning

h;p://www.powertripenergy.com/



✤ Intent	  and	  Condi>ons

✤ Requirements

✤ Responsibili>es

✤ Inspec>ons	  and	  Reports

✤ Protec>on	  and	  Repair

Specifica;ons	  for	  Solar	  Ready	  
Construc;on	  Requirements



✤ Solar	  Ready	  Construc>on…

 Adds	  a	  building	  system

 Adds	  a	  new	  program	  element

 Requires	  an	  integrated	  
approach

 One	  part	  of	  a	  complex	  puzzle	  
of	  building	  beIer	  buildings

A	  Few	  Thoughts:





✤ Structural	  Basics

✤ Retrofit	  Installa>ons

✤ New/Solar	  Ready	  Installa>ons

Structural	  Aspects	  
for	  Solar	  Array	  Support



Applica;ons

✤ Low-‐Rise	  Commercial

✤ Residen>al



✤ Snow	  Effect

✤ Wind	  Effect

Environmental	  Condi;ons



✤ MSP	  Metro	  Area

✤ Typical	  Roof	  (approximate)

 Snow	  Load	  =	  35	  psf

 Self	  Weight	  DL	  =	  Weight	  of	  the	  
structural	  system

 Superimposed	  DL	  (SIDL)	  =	  
Accommodate	  roofing,	  ceiling,	  lights,	  
mechanical,	  etc.	  =	  15-‐25	  psf

[Snow	  +	  SIDL	  =	  	  50	  –	  55	  psf	  (typical)]

Structural	  Basics



Structural	  Basics

✤ Solar	  Array

• Self	  weight	  Load	  =	  3-‐6	  psf

• Wind	  induces	  sliding	  and	  uplip/downward	  
loads

✦ Steeper	  angle	  =	  more	  wind	  load

• Ballast	  (if	  required)	  =	  20	  –	  30	  psf	  (or	  more)

• Load	  for	  Ballast	  +	  Array	  is	  well	  in	  excess	  of	  
typical	  SIDL	  allowance	  of	  15	  –	  25	  psf	  

• S>ll	  need	  to	  support	  roofing,	  M/E/P,	  ceiling,	  etc.

• Panel	  supports	  induce	  point	  and	  line	  loads



Roof	  Obstruc;ons

✤ Poten>al	  for	  addi>onal	  snow	  load

• Due	  to	  “sheltering”	  effect	  if	  several	  
rows	  of	  arrays	  are	  present

• Due	  to	  sliding	  snow	  off	  collectors	  to	  
low-‐side	  roof

• Due	  to	  “projec>on”	  driping

	   [Ref.	  ASCE	  7-‐05	  Minimum	  Design	  
Loads	  for	  Buildings	  and	  Other	  
Structures,	  Appendix	  C7.8.]



Roof	  Projec;ons

✤ Code	  Requirement

• Snow	  drip	  if	  above	  2’	  height	  and	  15’	  
length

• Could	  be	  nearly	  100	  psf	  snow	  load	  at	  
peak



Retrofit	  Installa;ons

✤ Earlier	  Codes	  for	  MSP	  generally	  required	  40	  psf	  snow	  load

✤ Current	  Code	  typically	  requires	  35	  psf	  snow	  load

✤ Result	  is	  poten>al	  5	  psf	  for	  Solar	  Array	  weight

✤ May	  have	  2-‐5	  psf	  reserve	  for	  addi>onal	  SIDL

• Residen>al	  -‐	  assuming	  one	  layer	  of	  shingles	  present

• But	  not	  likely	  enough	  for	  ballast!

• Highly	  unlikely	  enough	  for	  drip	  +	  ballast!

• S>ll	  need	  to	  consider	  non-‐uniform	  loading

• Upward	  or	  downward	  wind	  loads	  may	  govern



Retrofit	  Installa;ons

✤ Minimize	  snow	  and	  wind	  effect

• Match	  roof	  slope	  (primarily	  residen>al)

✦ Reduced	  solar	  efficiency

• “FlaIen”	  panel	  slope	  on	  flat	  roof

✦ Less	  than	  2’	  height	  -‐	  no	  drip	  and	  reduced	  wind

• Arrange	  in	  less	  than	  15’	  lengths	  and	  space	  segments	  at	  
least	  15’	  apart	  (no	  drip)

• Raise	  array	  approximately	  4’	  (no	  drip,	  but	  more	  wind	  
uplip)

• Non-‐ballasted	  system



Retrofit	  Installa;on	  Op;ons

Photographs	  courtesy	  of	  Wellington	  Management

✤ Low-‐slope	  Layout

✤ Non-‐ballasted	  System



Retrofit	  Installa;on	  Op;ons

✤ Other	  Methods:

• Construct	  new/independent	  
structure	  above	  exis>ng	  roof

• Strengthen	  exis>ng	  roof
✦ Occupancy	  disrup>ons

✦ M/E/P/Ceiling	  conflicts

• Both	  op>ons	  can	  be	  cost-‐
prohibi>ve!



✤ Pre-‐planning	  will	  minimize	  future	  costs

✤ Systems	  are	  evolving:

For	  Commercial	  Consider:

• Locate	  away	  from	  other	  drip	  zones

✦ No	  cost

• Include	  stand-‐off	  posts	  extending	  above	  roof

✦ Minimal	  cost

✦ Issues	  with	  loca>on,	  waterproofing,	  maintenance,	  thermal	  bridging

• Design	  designated	  area	  of	  roof	  for	  addi>onal	  20	  	  -‐	  40	  psf	  for	  poten>al	  
ballasted	  system	  and/or	  drip	  and	  	  consider	  non-‐uniform	  load	  poten>al

✦ Modest	  cost	  –	  less	  than	  $1/sf

✦ Provides	  future	  op>ons

• Include	  layout	  and	  loads	  on	  A/E	  drawings	  for	  future	  engineer’s	  benefit!

New	  /	  Solar	  Ready



New	  /	  Solar	  Ready

✤ For	  Residen>al	  Consider:

• Locate	  away	  from	  other	  drip	  zones

• South	  facing	  exposure

• Flat	  roof

✦ Design	  designated	  area	  for	  addi>onal	  25-‐30	  psf	  and	  consider	  non-‐
uniform	  load	  poten>al

✦ Area	  can	  be	  small	  -‐	  solar	  thermal	  usually	  2	  -‐	  4’x8’	  collectors,	  PV	  varies

• Sloped	  roof:

✦ Design	  steeper	  roof	  at	  select	  area	  for	  direct	  mount

✦ Design	  for	  addi>onal	  10-‐15	  psf	  and	  add	  blocking	  between	  joists/
trusses

• Include	  layout	  and	  loads	  on	  Architectural	  drawings

• Accomplish	  at	  modest	  up-‐front	  cost

• Provides	  future	  op>ons



Addi;onal	  Considera;ons

✤ Roof	  service	  life	  typically	  15-‐20	  years

✤ Solar	  panel	  service	  life	  typically	  30-‐40	  years

• Need	  plan	  for	  roof	  replacement

✤ Evaluate	  roof	  design	  /	  warranty	  issues

• Loadings	  /	  punctures	  during	  installa>on

• Changes	  in	  foot	  traffic	  aper	  installa>on

• Changes	  in	  expansion	  /	  contrac>on	  /	  runoff	  paIerns

• Wear	  /	  abrasion	  due	  to	  racking	  /	  support	  system	  “walking”

	   Source:	  Great	  Expecta<ons	  -‐	  Considera<ons	  before	  roo@op	  solar	  power	  
genera<on,	  The	  Construc>on	  Specifier,	  October	  2010




