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1.	
  Introduction	
  
It	
  costs	
  a	
  great	
  deal	
  of	
  energy	
  and,	
  consequently,	
  money	
  to	
  power	
  a	
  city;	
  however,	
  the	
  energy	
  
used	
  to	
  power	
  our	
  homes	
  and	
  businesses	
  comes	
  not	
  only	
  at	
  a	
  cost	
  to	
  the	
  government,	
  but	
  to	
  
the	
  community	
  and	
  environment	
  as	
  well.	
  The	
  byproducts	
  associated	
  with	
  energy	
  production,	
  
most	
  notably	
  greenhouse	
  gas	
  (GHG)	
  emissions,	
  can—if	
  left	
  unchecked—harm	
  the	
  most	
  
vulnerable	
  in	
  our	
  communities.	
  This	
  assessment	
  is	
  intended	
  to	
  be	
  a	
  resource	
  for	
  The	
  City	
  of	
  
Frederick	
  as	
  it	
  works	
  to	
  understand	
  the	
  level	
  of	
  GHGs	
  emitted	
  as	
  a	
  result	
  of	
  powering	
  City	
  
facilities.	
  With	
  this	
  understanding,	
  the	
  City	
  will	
  be	
  better	
  positioned	
  to	
  identify	
  its	
  fuel	
  supply,	
  
implement	
  energy	
  efficiency	
  improvements	
  and	
  reduce	
  energy	
  consumption	
  where	
  possible.	
  
	
  
Greenhouse	
  gas	
  emissions—most	
  commonly	
  identified	
  in	
  this	
  report	
  as	
  carbon	
  dioxide	
  
equivalent	
  (CO2e)	
  emissions—are	
  the	
  byproduct	
  of	
  consuming	
  carbon	
  intensive	
  fuels.	
  These	
  
GHGs	
  trap	
  heat	
  within	
  Earth’s	
  atmosphere,	
  contributing	
  over	
  time	
  to	
  climate	
  change.	
  The	
  
purpose	
  of	
  this	
  report	
  is	
  not	
  to	
  politicize	
  any	
  actions	
  within	
  City	
  government	
  or	
  prioritize	
  certain	
  
energy	
  sources	
  over	
  another,	
  but	
  rather	
  to	
  examine	
  the	
  optimization	
  of	
  resources	
  and	
  the	
  
potential	
  co-­‐benefits	
  associated	
  with	
  improving	
  resource	
  management.	
  It	
  is	
  important	
  for	
  the	
  
City	
  of	
  Frederick	
  to	
  identify	
  areas	
  for	
  improvement,	
  not	
  only	
  for	
  the	
  sake	
  of	
  the	
  environment,	
  
but	
  for	
  the	
  betterment	
  of	
  the	
  City’s	
  operating	
  budget.	
  
	
  
The	
  City	
  of	
  Frederick	
  is	
  at	
  a	
  unique	
  point	
  in	
  its	
  history	
  where	
  it	
  must	
  address	
  inefficiencies	
  in	
  
longstanding	
  operations	
  during	
  a	
  period	
  of	
  rapid	
  growth.	
  Frederick’s	
  unique	
  blend	
  of	
  historic	
  
and	
  new	
  buildings	
  both	
  within	
  and	
  outside	
  of	
  the	
  local	
  Historic	
  District	
  make	
  it	
  one	
  of	
  
Maryland’s	
  most	
  distinct	
  cities	
  and	
  one	
  of	
  the	
  more	
  challenging	
  in	
  prioritizing	
  energy	
  efficiency	
  
upgrades.	
  As	
  of	
  2012,	
  Frederick	
  had	
  a	
  well-­‐established	
  business	
  community	
  with	
  over	
  3,500	
  
businesses	
  in	
  operation	
  and	
  approximately	
  49,000	
  employees	
  who	
  call	
  Frederick	
  home.1	
  Its	
  
recent	
  growth	
  has	
  attracted	
  local	
  and	
  national	
  attention—most	
  recently	
  by	
  The	
  Washington	
  
Post,	
  which	
  highlighted	
  urban	
  renewal	
  efforts	
  underway	
  led	
  in	
  part	
  by	
  empty-­‐nesters	
  and	
  
millennials.2	
  It	
  is	
  the	
  sustenance	
  and	
  growth	
  of	
  these	
  populations	
  that	
  the	
  City	
  must	
  consider	
  as	
  
the	
  community	
  grows,	
  simultaneously	
  expanding	
  its	
  tax	
  base	
  and	
  services.	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  “Five	
  questions	
  With	
  Richard	
  G.	
  Griffin,	
  director,	
  Frederick	
  Department	
  of	
  Economic	
  Development,”	
  Frederick	
  News	
  Post	
  
(Frederick,	
  MD),	
  June	
  4,	
  2012.	
  http://www.fredericknewspost.com/archive/five-­‐questions-­‐with-­‐richard-­‐g-­‐griffin-­‐director-­‐
frederick-­‐department-­‐of/article_f18baac0-­‐e15f-­‐5d14-­‐add3-­‐24aa8f924089.html?mode=jqm	
  
2	
  John	
  Woodrow	
  Cox,	
  “Mini-­‐D.C.’s:	
  A	
  small-­‐city	
  boom	
  revitalizes	
  downtowns	
  once	
  left	
  for	
  dead,”	
  The	
  Washington	
  Post	
  
(Washington,	
  DC),	
  October	
  31,	
  2014.	
  http://www.washingtonpost.com/local/mini-­‐dcs-­‐a-­‐small-­‐city-­‐boom-­‐revitalizes-­‐
downtowns-­‐once-­‐left-­‐for-­‐dead/2014/10/31/0790173e-­‐5f9b-­‐11e4-­‐91f7-­‐5d89b5e8c251_story.html	
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In	
  addressing	
  its	
  high-­‐energy	
  intensity	
  buildings	
  and	
  assessing	
  areas	
  deemed	
  ripe	
  for	
  
improvement,	
  it	
  is	
  this	
  committee’s	
  belief	
  that	
  the	
  City	
  can	
  demonstrate	
  to	
  the	
  public	
  the	
  City’s	
  
commitment	
  to	
  smarter	
  use	
  of	
  taxpayer	
  dollars	
  through	
  reduced	
  energy	
  consumption.	
  Our	
  
findings	
  support	
  that	
  Frederick	
  is	
  well-­‐positioned	
  to	
  address	
  these	
  concerns.	
  
	
  
This	
  report	
  attempts	
  to	
  identify	
  and	
  analyze	
  energy	
  intensive	
  areas	
  within	
  Frederick	
  city	
  limits.	
  
It	
  will	
  also	
  address	
  the	
  various	
  fuels	
  the	
  City	
  uses	
  across	
  its	
  facilities,	
  which	
  include	
  electricity	
  
and	
  natural	
  gas.	
  The	
  subsequent	
  analysis	
  takes	
  a	
  first	
  step	
  in	
  examining	
  the	
  current	
  emissions	
  
profile	
  from	
  the	
  City’s	
  largest	
  building	
  sector	
  emitters	
  and	
  the	
  impact	
  of	
  variables	
  such	
  as	
  fuel	
  
types	
  and	
  weather.	
  Formal	
  recommendations	
  for	
  measures	
  to	
  address	
  the	
  highest	
  energy	
  
consumers	
  and	
  the	
  candidates	
  for	
  the	
  most	
  cost-­‐efficient	
  upgrades	
  will	
  follow	
  in	
  a	
  separate	
  
report.	
  The	
  foundations	
  of	
  those	
  findings	
  are	
  below.	
  

2.	
  Data	
  and	
  Methodology	
  
The	
  data	
  on	
  building	
  electricity	
  use	
  was	
  provided	
  by	
  Potomac	
  Edison,	
  the	
  City’s	
  energy	
  utility,	
  
and	
  Hess	
  and	
  Mid-­‐America	
  Energy,	
  the	
  City’s	
  electricity	
  suppliers	
  during	
  2013.	
  Washington	
  Gas	
  
provided	
  the	
  City’s	
  natural	
  gas	
  data.	
  Electricity	
  use	
  was	
  reported	
  by	
  billing	
  account,	
  which	
  in	
  
most	
  cases	
  was	
  the	
  energy	
  use	
  for	
  one	
  building,	
  but	
  in	
  some	
  instances	
  it	
  was	
  divided	
  further	
  
(i.e.,	
  sub-­‐metered),	
  as	
  was	
  the	
  case	
  for	
  two	
  apartment	
  buildings.	
  Because	
  only	
  a	
  total	
  floor	
  area	
  
was	
  provided	
  for	
  these	
  addresses,	
  the	
  multiple	
  accounts	
  at	
  each	
  address	
  were	
  aggregated	
  to	
  
the	
  building	
  level.	
  Electricity	
  use	
  data	
  for	
  streetlights,	
  traffic	
  lights	
  and	
  park	
  lights	
  was	
  in	
  most	
  
cases	
  associated	
  with	
  a	
  street	
  name,	
  while	
  some	
  accounts	
  were	
  associated	
  with	
  an	
  address	
  or	
  
an	
  intersection.	
  The	
  spatial	
  statistics	
  and	
  mapping	
  associated	
  with	
  these	
  accounts	
  is	
  therefore	
  
an	
  approximation	
  of	
  the	
  actual	
  distribution	
  of	
  street,	
  traffic,	
  and	
  park	
  lights.	
  	
  Natural	
  gas	
  use	
  
was	
  reported	
  by	
  billing	
  account	
  with	
  an	
  associated	
  address.	
  	
  The	
  amount	
  of	
  other	
  stationary	
  
fuels	
  consumed	
  (heating	
  oil,	
  propane,	
  diesel,	
  and	
  gasoline)	
  was	
  provided	
  but	
  not	
  associated	
  
with	
  an	
  address	
  or	
  department.	
  The	
  graph	
  showing	
  carbon	
  dioxide	
  equivalent	
  (CO2e)	
  emissions	
  
by	
  category	
  was	
  created	
  using	
  the	
  eGRID	
  regional	
  fuel	
  mix	
  for	
  Frederick,	
  which	
  is	
  the	
  sub-­‐region	
  
RFC	
  East.3	
  	
  

3.	
  The	
  City’s	
  Carbon	
  Footprint	
  from	
  Purchased	
  Energy	
  	
  
In	
  2013,	
  energy	
  use	
  by	
  City	
  facilities,	
  including	
  building	
  fuel,	
  a	
  Scope	
  1	
  emission,	
  and	
  purchased	
  
electricity,	
  a	
  Scope	
  2	
  emission,	
  added	
  11,664	
  metric	
  tonnes	
  of	
  CO2e	
  to	
  the	
  atmosphere,	
  
accounting	
  for	
  26.9	
  percent	
  of	
  all	
  City	
  carbon	
  emissions.	
  Figure	
  1,	
  pictured	
  right,	
  shows	
  how	
  
carbon	
  emissions	
  from	
  facility	
  electricity	
  use	
  are	
  distributed	
  among	
  four	
  types	
  of	
  City-­‐owned	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3 The	
  regional	
  fuel	
  mix	
  can	
  be	
  found	
  here:	
  http://www.epa.gov/cleanenergy/documents/egridzips/eGRID_9th_edition_V1-­‐
0_year_2010_Summary_Tables.pdf	
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Figure	
  1.	
  CO2e	
  Emissions	
  from	
  Electricity,	
  2013	
  

property.	
  The	
  largest	
  share	
  is	
  water	
  facilities,	
  which	
  includes	
  the	
  wastewater	
  treatment	
  
plant.	
  The	
  wastewater	
  treatment	
  plant	
  accounts	
  for	
  50	
  percent	
  of	
  electricity	
  use	
  by	
  water	
  
facilities.	
  A	
  graph	
  showing	
  the	
  metric	
  tonnes	
  of	
  CO2e	
  associated	
  with	
  each	
  category	
  is	
  located	
  in	
  
Appendix	
  A.	
  Streetlights,	
  traffic	
  lights	
  and	
  
other	
  types	
  of	
  outdoor	
  lighting	
  account	
  for	
  
the	
  next	
  largest	
  share,	
  while	
  buildings	
  account	
  
for	
  the	
  remaining	
  third	
  of	
  emissions.	
  	
  Another	
  
part	
  of	
  the	
  greenhouse	
  gas	
  emissions	
  for	
  the	
  
City	
  is	
  the	
  amount	
  produced	
  by	
  stationary	
  fuels.	
  	
  
These	
  account	
  for	
  739	
  metric	
  tonnes	
  of	
  CO2e	
  
emitted.	
  	
  The	
  largest	
  emitter	
  for	
  the	
  stationary	
  
fuels	
  is	
  natural	
  gas	
  at	
  about	
  98	
  percent	
  of	
  the	
  
emissions.	
  

4.	
  Analyzing	
  Energy	
  Use	
  Spatially	
  
Figure	
  2	
  on	
  the	
  following	
  page	
  shows	
  the	
  locations	
  of	
  Frederick	
  facilities	
  in	
  relation	
  to	
  both	
  the	
  
Historic	
  District	
  (which	
  includes	
  the	
  central	
  business	
  district)	
  and	
  the	
  Sustainable	
  Community	
  
area,	
  a	
  state-­‐designated	
  community	
  revitalization	
  zone.	
  The	
  Historic	
  District	
  boundary	
  indicates	
  
where	
  the	
  City	
  may	
  face	
  some	
  restrictions	
  or	
  difficulties	
  in	
  making	
  energy	
  efficiency	
  upgrades	
  
due	
  to	
  Historic	
  District	
  requirements,	
  but	
  also	
  allows	
  us	
  to	
  analyze	
  how	
  energy	
  use—for	
  street	
  
lighting	
  in	
  particular—may	
  differ	
  between	
  the	
  dense	
  urban	
  core	
  of	
  the	
  City	
  and	
  the	
  outer	
  
suburban	
  and	
  rural	
  areas.	
  City	
  properties	
  within	
  the	
  Sustainable	
  Community	
  area	
  are	
  eligible	
  
for	
  certain	
  state	
  grants	
  that	
  can	
  be	
  used	
  for	
  energy	
  efficiency	
  retrofits	
  or	
  renewable	
  energy	
  
production.	
  The	
  size	
  of	
  the	
  bubble	
  at	
  each	
  facility	
  varies	
  in	
  proportion	
  to	
  the	
  amount	
  of	
  
electricity	
  used	
  at	
  each	
  facility,	
  with	
  the	
  blue	
  bubbles	
  representing	
  water	
  facilities,	
  such	
  as	
  
pumps	
  and	
  wells,	
  and	
  the	
  red	
  bubbles	
  representing	
  structures	
  such	
  as	
  park	
  buildings	
  and	
  offices.	
  
The	
  high-­‐energy	
  use	
  structures	
  in	
  red	
  are	
  clustered	
  in	
  and	
  around	
  downtown,	
  with	
  the	
  public	
  
works	
  building	
  along	
  State	
  Route	
  40	
  using	
  the	
  most	
  electricity	
  of	
  non-­‐water	
  facilities.	
  The	
  
wastewater	
  treatment	
  plant	
  to	
  the	
  northeast	
  of	
  downtown	
  uses	
  the	
  most	
  energy	
  of	
  all	
  facilities.	
  	
  
See	
  Appendix	
  C	
  for	
  a	
  map	
  of	
  just	
  the	
  Non-­‐Water	
  Facilities.	
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Figure	
  2.	
  	
  2013	
  Building	
  Electricity	
  (kWh)	
  Use	
  

	
  
	
  
As	
  the	
  energy-­‐intensive	
  water	
  facilities	
  are	
  found	
  predominantly	
  outside	
  of	
  downtown,	
  only	
  a	
  
quarter	
  of	
  electricity	
  used	
  for	
  buildings	
  is	
  consumed	
  within	
  the	
  Historic	
  District	
  (Figure	
  3).	
  When	
  
water	
  facilities	
  are	
  excluded	
  from	
  the	
  analysis,	
  56	
  percent	
  of	
  electricity	
  use	
  is	
  in	
  the	
  Historic	
  
District	
  (Figure	
  4).	
  Of	
  the	
  total	
  amount	
  of	
  electricity	
  used	
  for	
  occupied	
  spaces,	
  58	
  percent	
  is	
  
consumed	
  in	
  the	
  Historic	
  District,	
  while	
  only	
  44.5	
  percent	
  of	
  occupied	
  space	
  is	
  within	
  the	
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Historic	
  District	
  (Figure	
  5).	
  This	
  discrepancy	
  is	
  due	
  to	
  a	
  difference	
  in	
  average	
  Energy	
  Use	
  
Intensity	
  (EUI)	
  between	
  the	
  Historic	
  District	
  and	
  the	
  rest	
  of	
  the	
  City.	
  According	
  to	
  ENERGY	
  
STAR®	
  data,	
  the	
  median	
  EUI	
  for	
  an	
  office	
  building	
  in	
  the	
  United	
  States	
  is	
  19.72	
  kWh/ft2	
  kilowatt-­‐
hours	
  per	
  square	
  foot	
  (kWh/ft2).	
  The	
  Historic	
  District	
  is	
  close	
  to	
  the	
  median	
  at	
  19.57	
  kWh/ft2,	
  
but	
  the	
  rest	
  of	
  the	
  City	
  is	
  below	
  the	
  median	
  at	
  11.20	
  kWh/ft2	
  (Figure	
  6).	
  This	
  may	
  be	
  because	
  
the	
  City’s	
  buildings	
  in	
  the	
  Historic	
  District	
  are	
  more	
  intensively	
  used	
  (more	
  employees	
  per	
  
square	
  foot)	
  that	
  the	
  outer	
  buildings,	
  or	
  they	
  may	
  use	
  less	
  efficient	
  heating	
  and	
  cooling	
  
systems.	
  See	
  Appendix	
  A	
  for	
  charts	
  showing	
  the	
  square	
  footage	
  of	
  occupied	
  space	
  and	
  natural	
  
gas	
  use	
  inside	
  and	
  outside	
  of	
  the	
  Historic	
  District.	
  	
  Because	
  the	
  Sustainable	
  Community	
  area	
  
includes	
  much	
  of	
  the	
  Historic	
  District,	
  there	
  may	
  be	
  opportunities	
  for	
  the	
  City	
  to	
  remedy	
  this	
  
discrepancy	
  in	
  energy	
  intensity—with	
  assistance	
  from	
  state	
  grants—by	
  incorporating	
  energy	
  
efficiency	
  upgrades	
  into	
  rehabilitation	
  projects.	
  	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Figure	
  6.	
  Occupied	
  Space	
  Electricity	
  
Use	
  (kWh)	
  

Figure	
  6.	
  Average	
  Energy	
  Use	
  Intensity	
  (EUI)	
  of	
  
Conditioned	
  Occupied	
  Space	
  (kWh/Ft2)	
  

Inside	
  Historic	
  District	
   Outside	
  Historic	
  District	
  

Figure	
  4.	
  Total	
  Building	
  Electricity	
  
Use	
  (kWh)	
  

Figure	
  4.	
  Building	
  Electricity	
  Use	
  
Excluding	
  Water	
  Facilities	
  (kWh)	
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Figure	
  7	
  below	
  shows	
  the	
  density	
  of	
  energy	
  used	
  by	
  street,	
  traffic	
  and	
  park	
  lights.	
  	
  Density	
  was	
  
calculated	
  based	
  on	
  the	
  kilowatt-­‐hours	
  of	
  electricity	
  measured	
  at	
  meters	
  spaced	
  throughout	
  
the	
  City	
  in	
  2013.4	
  The	
  highest	
  density	
  of	
  use	
  is	
  just	
  outside	
  the	
  eastern	
  edge	
  of	
  the	
  Historic	
  
District,	
  where	
  one	
  electricity	
  meter	
  measured	
  322,800	
  kilowatt-­‐hours.	
  It	
  is	
  possible	
  that	
  this	
  
meter	
  accounts	
  for	
  more	
  lights	
  than	
  others	
  because	
  it	
  is	
  near	
  downtown,	
  which	
  has	
  a	
  high	
  
density	
  of	
  streets	
  and	
  therefore	
  streetlights	
  and	
  traffic	
  lights.	
  It	
  is	
  also	
  notable	
  that	
  corridors	
  of	
  
moderate	
  density	
  electricity	
  usage	
  extend	
  along	
  major	
  roads	
  out	
  of	
  the	
  downtown	
  where	
  new	
  
development	
  is	
  occurring.	
  	
  
Figure	
  7.	
  Electricity	
  Used	
  for	
  Street,	
  Traffic,	
  and	
  Park	
  Lights	
  

	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
4	
  Data	
  is	
  not	
  available	
  at	
  the	
  individual	
  light	
  or	
  parcel	
  level.	
  	
  Mapping	
  the	
  meters	
  at	
  the	
  city	
  scale	
  gives	
  an	
  approximation	
  of	
  the	
  
distribution	
  of	
  energy	
  use	
  for	
  lighting.	
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Figure	
  8.	
  Percentage	
  of	
  Total	
  kWh	
  Used	
  by	
  
Building	
  Type	
  

Table	
  1	
  below	
  shows	
  that	
  the	
  amount	
  of	
  electricity	
  used	
  for	
  street	
  and	
  traffic	
  lighting	
  (excluding	
  
park	
  lights)	
  per	
  resident	
  and	
  per	
  mile	
  of	
  road	
  is	
  lower	
  in	
  the	
  Historic	
  District,	
  suggesting	
  that	
  
energy	
  consumption	
  per	
  person	
  increases	
  as	
  density	
  decreases.	
  The	
  City	
  could	
  reduce	
  the	
  
energy	
  consumption	
  for	
  street	
  and	
  traffic	
  lighting	
  per	
  person	
  by	
  encouraging	
  development	
  at	
  
higher	
  densities	
  and	
  closer	
  to	
  the	
  city	
  center	
  to	
  reduce	
  the	
  number	
  of	
  street	
  and	
  traffic	
  lights	
  
needed.	
  	
  	
  
	
  

Table	
  1.	
  Streetlight	
  Electricity	
  Use	
  

	
   Population	
  Density	
   kWh/per	
  resident	
   kWh/lane	
  mile	
  

Historic	
  District	
   11.34	
   80.25	
   3.81	
  
Outside	
  the	
  Historic	
  District	
   4.28	
   89.74	
   4.09	
  

5.	
  Visualizing	
  Electricity	
  and	
  Stationary	
  Fuel	
  Use	
  
Figure	
  8	
  below	
  shows	
  the	
  breakdown	
  of	
  the	
  City’s	
  kilowatt-­‐hour	
  (kWh)	
  usage	
  divided	
  into	
  
building	
  type	
  categories.	
  These	
  three	
  groups	
  include	
  occupied	
  space,	
  streetlights	
  and	
  other	
  
space—which	
  constitutes	
  community	
  centers,	
  gyms,	
  and	
  park	
  facilities.	
  It	
  is	
  important	
  to	
  note	
  
that	
  Figure	
  8	
  does	
  not	
  include	
  any	
  of	
  the	
  City’s	
  water	
  facilities.	
  There	
  is	
  a	
  significant	
  amount	
  of	
  
uncertainty	
  as	
  to	
  the	
  future	
  electricity	
  use	
  of	
  the	
  plant	
  after	
  they	
  begin	
  operation	
  of	
  a	
  new	
  
cogeneration	
  unit	
  that	
  will	
  provide	
  a	
  portion	
  of	
  the	
  needed	
  electricity	
  for	
  wastewater	
  
treatment.	
  Because	
  of	
  that	
  uncertainty,	
  as	
  well	
  as	
  the	
  fact	
  that	
  the	
  high	
  amount	
  of	
  kilowatt-­‐
hours	
  would	
  skew	
  the	
  numbers	
  when	
  assessing	
  the	
  other	
  categories,	
  it	
  was	
  decided	
  to	
  leave	
  
out	
  the	
  wastewater	
  treatment	
  plant	
  when	
  visualizing	
  the	
  City’s	
  overall	
  kilowatt-­‐hour	
  use.	
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Figure	
  9,	
  below,	
  which	
  shows	
  kilowatt-­‐hour	
  intensity	
  and	
  annual	
  use,	
  can	
  offer	
  some	
  insight	
  
into	
  the	
  energy	
  use	
  in	
  City-­‐owned	
  occupied	
  space.	
  The	
  annual	
  kilowatt-­‐hour	
  use	
  shows	
  that	
  the	
  
top	
  occupied	
  space	
  electricity	
  user	
  is	
  111	
  Airport	
  Dr.	
  East	
  at	
  over	
  1	
  million	
  kWh,	
  with	
  the	
  next	
  
highest	
  energy	
  user	
  being	
  nearly	
  half	
  that	
  amount.	
  The	
  kilowatt-­‐hour	
  intensity	
  portion	
  of	
  the	
  
graph	
  can	
  help	
  to	
  pinpoint	
  certain	
  buildings	
  that	
  may	
  not	
  be	
  energy	
  efficient;	
  it	
  is	
  derived	
  by	
  
dividing	
  the	
  total	
  annual	
  kilowatt-­‐hours	
  of	
  use	
  for	
  the	
  building	
  by	
  the	
  buildings	
  gross	
  square	
  
footage.	
  	
  A	
  few	
  of	
  the	
  buildings	
  that	
  stand	
  out	
  in	
  this	
  portion,	
  denoted	
  by	
  the	
  red	
  squares,	
  
include	
  200	
  W	
  2nd	
  St.,	
  Winchester	
  St.	
  and	
  142	
  W	
  Patrick	
  St.	
  buildings.	
  	
  These	
  buildings	
  may	
  
require	
  a	
  more	
  thorough	
  examination,	
  as	
  kilowatt-­‐hour	
  intensity	
  does	
  not	
  necessarily	
  indicate	
  a	
  
building’s	
  efficiency.	
  	
  
	
  	
  
	
  
Figure	
  9.	
  Annual	
  Energy	
  Use	
  Intensity	
  by	
  Building	
  (kWh)	
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Figure	
  10.	
  Percentage	
  of	
  Total	
  Natural	
  Gas	
  Consumed	
  Annually	
  by	
  Building	
  

	
  
Figure	
  10,	
  above,	
  shows	
  the	
  percentage	
  of	
  annual	
  natural	
  gas	
  consumption	
  for	
  City-­‐owned	
  
buildings	
  that	
  use	
  stationary	
  fuel.	
  The	
  percentages	
  can	
  give	
  insight	
  into	
  which	
  buildings	
  have	
  
the	
  highest	
  share	
  of	
  city	
  gas	
  usage.	
  The	
  most	
  prominent	
  of	
  these	
  users	
  is	
  the	
  111	
  Airport	
  Drive	
  
East	
  building,	
  which	
  has	
  the	
  highest	
  natural	
  gas	
  use	
  of	
  the	
  buildings	
  graphed,	
  at	
  around	
  50	
  
percent	
  of	
  the	
  City’s	
  total	
  consumption.	
  The	
  second	
  and	
  third	
  highest	
  consumers	
  are	
  the	
  Amory	
  
and	
  20	
  West	
  Patrick	
  Street.	
  It	
  is	
  also	
  important	
  to	
  note	
  that	
  the	
  City	
  uses	
  a	
  small	
  amount	
  of	
  
propane,	
  heating	
  oil,	
  diesel	
  fuel,	
  gasoline	
  and	
  dyed	
  ULSD	
  in	
  each	
  stationary	
  fuel.	
  However,	
  
these	
  amounts	
  were	
  very	
  small	
  and	
  did	
  not	
  have	
  information	
  to	
  link	
  them	
  to	
  a	
  particular	
  
location	
  or	
  use.	
  Therefore,	
  these	
  fuels	
  were	
  not	
  evaluated	
  in	
  this	
  section	
  of	
  the	
  report.	
  

6.	
  Individual	
  Building	
  Energy	
  Use	
  
The	
  maps	
  on	
  the	
  next	
  pages	
  show	
  electricity	
  intensity	
  and	
  natural	
  gas	
  intensity	
  for	
  occupied	
  
buildings,	
  sorted	
  into	
  quartiles.	
  Buildings	
  coded	
  red	
  are	
  the	
  most	
  energy	
  intensive;	
  buildings	
  
coded	
  green	
  are	
  the	
  least	
  intensive.	
  The	
  addresses	
  of	
  individual	
  buildings	
  can	
  be	
  found	
  in	
  
Appendix	
  H.	
  The	
  most	
  intensive	
  users	
  of	
  electricity	
  are	
  park	
  and	
  other	
  outdoor	
  facilities,	
  like	
  the	
  
Baker	
  Park	
  Bandshell	
  (N	
  Bentz	
  Street),	
  a	
  portion	
  of	
  McCurdy	
  Field	
  (S	
  Jefferson	
  Street)	
  and	
  the	
  
MARC	
  station	
  (5	
  East	
  Street).	
  All	
  three	
  carry	
  large	
  lighting	
  demands.	
  The	
  Armory	
  building	
  is	
  
currently	
  the	
  most	
  intense	
  user	
  in	
  both	
  categories;	
  despite	
  being	
  home	
  to	
  the	
  William	
  Talley	
  
Recreation	
  Center,	
  its	
  rate	
  is	
  three	
  times	
  what	
  is	
  considered	
  normal	
  (370.66	
  kBtu/ft2	
  vs.	
  96.8	
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kBtu/ft2).5	
  Another	
  anomaly	
  is	
  the	
  Annex	
  Office	
  at	
  142	
  West	
  Patrick	
  Street,	
  which	
  has	
  the	
  
second	
  highest	
  intensity	
  of	
  electrical	
  use.	
  A	
  similar	
  case	
  can	
  be	
  found	
  with	
  the	
  park	
  building	
  at	
  
Schley	
  Avenue,	
  which	
  has	
  the	
  second	
  highest	
  use	
  of	
  natural	
  gas.	
  Neither	
  has	
  an	
  obvious	
  
explanation.	
  Appendix	
  H	
  shows	
  electric	
  and	
  gas	
  intensity	
  for	
  both	
  occupied	
  buildings	
  and	
  all	
  
buildings	
  in	
  full	
  detail.	
  
Figure	
  11.	
  Energy	
  Use	
  Intensity:	
  Natural	
  Gas	
  

	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5	
  “U.S.	
  Energy	
  Use	
  Intensity	
  by	
  Property	
  Type,”	
  Energy	
  Star	
  
https://portfoliomanager.energystar.gov/pdf/reference/US%20National%20Median%20Table.pdf 
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Figure	
  12.	
  Energy	
  Use	
  Intensity:	
  Electricity	
  

	
  
	
  

7.	
  	
  Fuel	
  Mix	
  and	
  Emissions	
  
It	
  is	
  important	
  to	
  know	
  the	
  fuel	
  mix	
  breakdown	
  from	
  energy	
  resources	
  provided	
  by	
  Potomac	
  
Edison	
  for	
  future	
  projections	
  and	
  budgeting8,	
  so	
  the	
  City	
  can	
  look	
  at	
  fuel	
  mix	
  scenarios	
  and	
  
adjust	
  policies	
  for	
  reducing	
  the	
  City’s	
  carbon	
  footprint.	
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There	
  are	
  several	
  ways	
  to	
  determine	
  the	
  buildings	
  with	
  the	
  best	
  efficiency	
  and	
  emissions	
  
records.	
  By	
  looking	
  at	
  the	
  emissions	
  by	
  fuel	
  type,	
  the	
  current	
  MTCO2e	
  along	
  with	
  options	
  for	
  
purchasing	
  renewable	
  energy	
  to	
  reduce	
  emissions,	
  the	
  difference	
  in	
  Heating	
  Degree	
  Days	
  (HDD)	
  
and	
  Cooling	
  Degree	
  Days	
  (CDD),	
  and	
  the	
  occupancy	
  rates	
  with	
  relation	
  to	
  use,	
  all	
  disaggregated	
  
by	
  buildings	
  categorized	
  by	
  ‘occupied	
  space,’	
  the	
  City	
  of	
  Frederick	
  will	
  have	
  many	
  options	
  for	
  
reducing	
  emissions	
  for	
  individual	
  buildings.	
  

The	
  ‘occupied	
  space’	
  buildings	
  consumed	
  126,637	
  centum	
  cubic	
  feet	
  (CCF)	
  of	
  natural	
  gas	
  and	
  
4,040,571	
  kilowatt-­‐hour	
  (kWh)	
  of	
  electricity	
  in	
  2013.	
  Using	
  the	
  conversion	
  rates6	
  for	
  natural	
  gas	
  
and	
  kilowatt-­‐hour	
  into	
  MTCO2e	
  provided	
  by	
  eGrid	
  (United	
  States	
  Environmental	
  Protection	
  
Agency	
  2014),	
  the	
  output	
  of	
  emissions	
  by	
  City-­‐owned	
  buildings	
  sorted	
  by	
  the	
  different	
  fuel	
  
sources	
  is	
  represented	
  in	
  Figure	
  13	
  below.7 

Figure	
  13.	
  All	
  Occupied	
  Space	
  Buildings	
  with	
  Emissions	
  from	
  Each	
  Fuel	
  Used	
  for	
  Operation	
  

 
	
  

While	
  the	
  electricity	
  provider,	
  Potomac	
  Edison,	
  currently	
  uses	
  various	
  renewable	
  energy	
  
sources8	
  to	
  make	
  up	
  their	
  fuel	
  mix	
  (Potomac	
  Edison	
  2013)	
  the	
  amount	
  is	
  too	
  small	
  to	
  cut	
  
emissions	
  at	
  a	
  large	
  scale	
  without	
  purchasing	
  renewable	
  energy	
  from	
  a	
  distributor	
  of	
  clean	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
6	
  Natural	
  Gas	
  conversion:	
  0.005302	
  metric	
  tons	
  CO2/therm;	
  kWh	
  conversion:	
  6.89551	
  ×	
  10-­‐4	
  metric	
  tons	
  CO2	
  /	
  kWh	
  
7	
  The	
  appendix	
  item	
  I	
  shows	
  a	
  more	
  detailed	
  graph	
  excluding	
  111	
  Airport	
  Dr.	
  East. 
8	
  Coal:	
  44.43%;	
  Fuel	
  Cell	
  –	
  Non-­‐Renewable:	
  0.01%;	
  Gas:	
  16.39%;	
  Nuclear:	
  35.12%;	
  Oil:	
  0.19%;	
  Renewable	
  Energy:	
  3.86%	
  
(Captured	
  Methane	
  Gas:	
  0.29%;	
  Hydroelectric:	
  0.97%;	
  Solar:	
  0.05%;	
  Solid	
  Waste:	
  0.52%;	
  Wind:	
  1.88%;	
  Wood	
  or	
  other	
  Biomass:	
  
0.15%)	
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sources,	
  which	
  in	
  turn	
  reduces	
  the	
  carbon	
  intensity	
  and	
  fuel	
  mix	
  of	
  the	
  overall	
  electricity	
  
consumption	
  by	
  the	
  City.	
  To	
  reduce	
  the	
  overall	
  emissions	
  by	
  20%—a	
  number	
  currently	
  being	
  
used	
  by	
  many	
  cities	
  around	
  the	
  country	
  for	
  their	
  long-­‐term	
  emissions	
  reductions	
  goals	
  or	
  12%,	
  a	
  
number	
  most	
  often	
  used	
  for	
  short-­‐term	
  goals—of	
  occupied	
  space	
  for	
  City-­‐owned	
  buildings,	
  the	
  
City	
  would	
  need	
  to	
  purchase	
  25%	
  and	
  15%	
  of	
  their	
  electricity,	
  respectively,	
  from	
  renewable	
  
energy	
  sources.9	
  Because	
  purchasing	
  renewable	
  energy	
  from	
  a	
  supplier	
  that	
  distributes	
  
renewable	
  energy	
  options	
  would	
  reduce	
  only	
  the	
  amount	
  of	
  electricity	
  consumed	
  through	
  
Potomac	
  Edison,	
  each	
  building	
  will	
  see	
  different	
  proportions	
  in	
  emissions	
  reductions,	
  as	
  
illustrated	
  in	
  Figure	
  14	
  below.10	
  Due	
  to	
  the	
  uncertainty	
  of	
  the	
  future	
  emissions	
  from	
  the	
  Waste	
  
Water	
  Treatment	
  Plant,	
  it	
  is	
  not	
  included	
  in	
  any	
  calculations.	
  	
  
	
  
The	
  calculations	
  were	
  determined	
  by	
  creating	
  a	
  target	
  reduction	
  for	
  each	
  scenario.	
  As	
  the	
  
cumulative	
  emissions	
  from	
  all	
  the	
  buildings	
  annually	
  (natural	
  gas	
  conversion	
  +	
  kWh	
  conversion)	
  
was	
  3,457.61	
  MTCO2e,	
  the	
  target	
  for	
  20%	
  was	
  2,766.09	
  MTCO2e	
  and	
  the	
  target	
  for	
  15%	
  
reduction	
  was	
  3,042.7	
  MTCO2e.	
  By	
  reducing	
  each	
  building’s	
  MTCO2e	
  converted	
  from	
  kWh	
  by	
  
arbitrary	
  amounts	
  until	
  meeting	
  or	
  going	
  below	
  the	
  target,	
  the	
  group	
  was	
  able	
  to	
  define	
  the	
  
necessary	
  amount	
  of	
  renewable	
  energy	
  that	
  must	
  be	
  purchased	
  to	
  reduce	
  emissions.	
  This	
  
assumes	
  that	
  no	
  natural	
  gas	
  emissions	
  were	
  reduced.	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
9	
  The	
  two	
  current	
  options	
  for	
  purchasing	
  renewable	
  energy	
  in	
  Frederick	
  County	
  is	
  through	
  Constellation	
  and	
  Clean	
  Steps	
  
Windpower,	
  according	
  to	
  the	
  following	
  online	
  PDF:	
  
http://frederickcountymd.gov/documents/6616/6617/6628/Powering%20your%20home%20with%20wind%20energy-­‐10-­‐
2012%20FINAL_201211201232262550.pdf,	
  	
  
10	
  The	
  appendix	
  item	
  J	
  shows	
  a	
  more	
  detailed	
  graph	
  excluding	
  111	
  Airport	
  Dr.	
  East. 
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Figure	
  14.	
  Comparison	
  of	
  Three	
  Emissions	
  Scenarios:	
  The	
  Status	
  Quo,	
  a	
  Reduction	
  of	
  20	
  Percent,	
  
and	
  a	
  Reduction	
  of	
  15	
  Percent	
  

 
	
  

In	
  2013,	
  there	
  were	
  5,063	
  Heating	
  Degree	
  Days	
  (HDD)	
  and	
  1,041	
  Cooling	
  Degree	
  Days	
  (CDD).	
  As	
  
natural	
  gas	
  is	
  correlated	
  with	
  HDDs	
  and	
  electricity	
  is	
  correlated	
  with	
  CDDs	
  there	
  were	
  25.01	
  CFF	
  
of	
  natural	
  gas	
  used	
  per	
  CDD,	
  and	
  3881.43	
  kWh	
  per	
  HDD.	
  When	
  normalized11	
  by	
  building,	
  one	
  
can	
  see	
  the	
  difference	
  in	
  heating	
  and	
  cooling	
  needs	
  per	
  site.12	
  Figure	
  15	
  shows	
  the	
  comparison	
  
between	
  HDD	
  and	
  CDD	
  per	
  building.	
  	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
11	
  Normalizing	
  entails	
  dividing	
  the	
  annual	
  energy	
  unit	
  by	
  the	
  associated	
  annual	
  degree	
  day	
  type.	
  
12	
  The	
  appendix	
  item	
  K	
  shows	
  a	
  detailed	
  breakdown	
  of	
  the	
  HDD	
  and	
  CDD	
  per	
  building	
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Current	
  MTCO2e	
  and	
  Reducuon	
  Opuons	
  of	
  Occupied	
  Space*	
  
*Does	
  not	
  include	
  the	
  Waste	
  Water	
  Treatment	
  Plant	
  

Current	
  total	
  MTCO2e	
  

20%	
  emissions	
  reducuon	
  (with	
  25%	
  purchase	
  of	
  renewable	
  energy)	
  

12%	
  emissions	
  reducuon	
  (with	
  15%	
  purchase	
  of	
  renewable	
  energy)	
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Figure	
  15.	
  HDD	
  and	
  CDD	
  by	
  City-­‐Owned	
  Buildings	
  Categorized	
  in	
  'Occupied	
  Space'	
  

 

 

8.	
  	
  Occupancy	
  and	
  Emissions	
  
Occupancy	
  is	
  also	
  a	
  way	
  to	
  determine	
  the	
  appropriateness	
  of	
  each	
  building’s	
  energy	
  
consumption	
  and	
  emissions.	
  Using	
  “Minimum	
  Square	
  Feet	
  per	
  Occupant”	
  estimations	
  (Alameda	
  
County	
  Government	
  2001)	
  and	
  an	
  assumed	
  occupancy	
  of	
  80%13,	
  the	
  energy	
  use	
  and	
  GHG	
  
emissions	
  per	
  occupant	
  are	
  estimated.	
  While	
  its	
  Comprehensive	
  Annual	
  Financial	
  Report	
  (City	
  
of	
  Frederick	
  2013)	
  indicated	
  that	
  the	
  City	
  of	
  Frederick	
  employed	
  852	
  individuals,	
  based	
  on	
  the	
  
use	
  and	
  nature	
  of	
  each	
  City-­‐owned	
  and	
  operated	
  building,	
  as	
  well	
  as	
  the	
  likelihood	
  that	
  more	
  
individuals	
  than	
  just	
  City	
  employees	
  use	
  the	
  buildings	
  each	
  day,	
  the	
  total	
  number	
  of	
  estimated	
  
occupants	
  for	
  all	
  buildings	
  combined	
  was	
  4,985	
  people.14	
  As	
  Figure	
  16	
  shows	
  below,	
  some	
  of	
  
the	
  buildings	
  accounted	
  for	
  in	
  earlier	
  graphs	
  are	
  not	
  present	
  in	
  the	
  occupancy	
  graph.	
  This	
  is	
  due	
  
to	
  lack	
  of	
  data	
  and	
  information	
  regarding	
  GSF	
  for	
  those	
  buildings.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
13	
  The	
  80%	
  proportion	
  of	
  the	
  100%	
  Gross	
  Square	
  Feet	
  (GSF)	
  accounts	
  space	
  that	
  should	
  not	
  or	
  cannot	
  be	
  used	
  for	
  occupation	
  
(Oseland	
  2013)	
  
14	
  The	
  appendix	
  item	
  L	
  shows	
  a	
  detailed	
  breakdown	
  of	
  the	
  GSF	
  minimum	
  assignments	
  and	
  assumed	
  occupancy	
  per	
  building.	
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Figure	
  16.	
  Comparison	
  of	
  Estimated	
  Building	
  Occupancy	
  to	
  Building	
  Emissions	
  per	
  Person14	
  

	
   

9.	
  Next	
  steps	
  
An	
  analysis	
  of	
  the	
  data	
  provided	
  shows	
  varying	
  energy	
  usage	
  intensity	
  (EUI),	
  reflected	
  not	
  only	
  
in	
  energy	
  costs	
  from	
  wastewater	
  treatment,	
  but	
  in	
  the	
  growth	
  beyond	
  the	
  density	
  of	
  downtown.	
  
Emerging	
  themes	
  that	
  could	
  be	
  addressed	
  in	
  subsequent	
  recommendations	
  include	
  the	
  growth	
  
in	
  energy	
  consumption	
  for	
  facilities	
  downtown	
  and	
  along	
  the	
  burgeoning	
  periphery,	
  and	
  the	
  
irregularly	
  high	
  energy	
  usage	
  in	
  some	
  City	
  buildings.	
  	
  
	
  
Some	
  of	
  these	
  discrepancies	
  indicate	
  potential	
  room	
  for	
  improvement,	
  while	
  others	
  will	
  require	
  
additional	
  information	
  to	
  fully	
  determine	
  the	
  cause	
  of	
  the	
  anomaly.	
  Finally,	
  the	
  emissions	
  
reduction	
  scenarios	
  presented	
  in	
  Section	
  7	
  provide	
  a	
  framework	
  for	
  decision-­‐makers	
  as	
  they	
  
look	
  to	
  consider	
  emissions	
  reduction	
  targets	
  for	
  the	
  City.	
  
	
  
Overall,	
  we	
  are	
  optimistic	
  that	
  the	
  City	
  can	
  build	
  on	
  its	
  strong	
  foundation	
  to	
  further	
  reduce	
  
energy	
  consumption	
  costs.	
  The	
  City	
  has	
  the	
  opportunity	
  to	
  implement	
  an	
  assortment	
  of	
  short-­‐,	
  
medium-­‐	
  and	
  long-­‐term	
  emissions	
  reduction	
  strategies	
  that	
  will	
  put	
  it	
  in	
  a	
  better	
  position	
  to	
  
face	
  anticipated	
  and	
  unanticipated	
  challenges	
  in	
  the	
  years	
  ahead.	
  Given	
  its	
  proximity	
  to	
  the	
  
nation’s	
  capital,	
  growing	
  prominence	
  within	
  the	
  corporate	
  business	
  community,	
  and	
  existing	
  
strong	
  relationships	
  with	
  leaders	
  in	
  Annapolis,	
  the	
  City	
  has	
  the	
  potential	
  to	
  be	
  a	
  leading	
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example	
  for	
  other	
  municipalities	
  of	
  the	
  importance	
  of	
  an	
  efficient	
  use	
  of	
  resources	
  and	
  the	
  
community	
  benefits	
  associated	
  with	
  such	
  improvements.	
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Appendix	
  
A.	
  

	
  
This	
  graph	
  shows	
  the	
  total	
  metric	
  tons	
  of	
  CO2e,	
  based	
  on	
  electricity	
  use,	
  by	
  category	
  of	
  space.	
  
Also,	
  the	
  final	
  category	
  is	
  streetlights	
  and	
  other	
  lighting.	
  	
  
	
  
	
  
B.	
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C. 	
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D.	
  	
  

	
  
Appendix	
  table	
  D	
  includes	
  all	
  buildings	
  that	
  had	
  stationary	
  fuel	
  information	
  for	
  their	
  address.	
  
This	
  information	
  only	
  included	
  natural	
  gas	
  as	
  a	
  stationary	
  fuel	
  source.	
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E.	
  	
  

	
  
Appendix	
  Table	
  E	
  includes	
  all	
  kWh	
  information	
  for	
  buildings	
  in	
  the	
  occupied	
  space	
  category.	
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F.	
  	
  

	
  
Appendix	
  table	
  F	
  includes	
  all	
  kWh	
  information	
  for	
  buildings	
  in	
  the	
  other	
  space	
  category.	
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G. Note:	
  	
  This	
  section	
  includes	
  only	
  buildings	
  that	
  had	
  year	
  built	
  information	
  available	
  in	
  
the	
  data	
  received	
  from	
  the	
  City	
  of	
  Frederick.	
  

	
  



Page	
  |	
  25	
  	
  
	
  

H.	
  
In	
  the	
  charts	
  below,	
  buildings	
  are	
  categorized	
  as	
  high,	
  medium-­‐high,	
  medium-­‐low,	
  and	
  low	
  
energy	
  usage	
  intensity	
  EUI.	
  These	
  are	
  color	
  coded	
  red,	
  orange,	
  yellow	
  and	
  green	
  respectively.	
  
The	
  charts	
  also	
  highlight	
  buildings	
  that	
  are	
  exceptionally	
  intense	
  users	
  of	
  electricity,	
  defined	
  as	
  
three	
  times	
  the	
  median,	
  those	
  that	
  are	
  exceptionally	
  intense	
  users	
  of	
  natural	
  gas,	
  defined	
  as	
  
twice	
  the	
  median,	
  and	
  those	
  that	
  are	
  both.	
  

	
  

	
  
	
  

Occupied	
  Space	
  EUI	
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All	
  Space	
  (Occupied	
  and	
  Unoccupied	
  EUI)	
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I.	
  All	
  occupied	
  space	
  buildings	
  with	
  each	
  mix	
  of	
  fuel	
  used	
  for	
  operation,	
  excluding	
  111	
  Airport	
  
Drive	
  East	
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J.	
  Comparison	
  of	
  three	
  emissions	
  scenarios;	
  the	
  status	
  quo,	
  a	
  reduction	
  of	
  20%	
  and	
  a	
  reduction	
  
of	
  15%,	
  excluding	
  111	
  Airport	
  Drive	
  East	
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12%	
  emissions	
  reducuon	
  (with	
  15%	
  purchase	
  of	
  renewable	
  energy)	
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K.	
  Breakdown	
  of	
  Buildings	
  HDD	
  and	
  CDD

 

ADDRESS	
   CCF	
  /	
  HDD kWh	
  /	
  CDD

296	
  BUCHEINER	
  RD 3.2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
142	
  W	
  PATRICK	
  ST 525.5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
104	
  S	
  MARKET	
  ST 0.878 180.5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
301	
  S.	
  MARKET	
  ST 0.265 27.0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

BURCK	
  ST 0.508 57.7	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5930	
  MOUNTAINDALE	
  RD 6.3	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

48	
  E	
  PATRICK	
  ST 0.633 134.6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
100	
  S	
  MARKET	
  ST 0.406 90.7	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

8415	
  GAS	
  HOUSE	
  PIKE 0.542 37.3	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
7516	
  Hayward	
  RD
200	
  W	
  2ND	
  ST 452.5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
101	
  N	
  COURT	
  ST 0.560 469.9	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
SCHLEY	
  AVE 0.119 3.7	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

RIVERWALK	
  PARK 4.5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
HILL	
  ST 24.4	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

MULLINIX	
  PARK	
  ALY 40.1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
S	
  JEFFERSON	
  ST 93.6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

N	
  BENTZ	
  ST	
  BAND	
  SHELL 30.0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
WINCHESTER	
  ST 33.0	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
200	
  BURCK	
  ST 1.7	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

W	
  2ND	
  ST	
  LITTLE	
  LEAGUE 13.6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
111	
  AIRPORT	
  DR	
  EAST 13.245 1,035.8	
  	
  	
  	
  	
  	
  
6040	
  NEW	
  DESIGN	
  RD 313.9	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

W	
  PATRICK	
  ST	
  WEINBERG 2.914 208.6	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5	
  EAST	
  ST	
  MARC	
  STATION 93.5	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

19	
  E	
  Church	
  St.
42	
  E	
  PATRICK	
  ST 0.009
125	
  E	
  All	
  Saint	
  St. 0.018
141	
  B&O	
  Ave. 0.282

202	
  BUCHEINER	
  RD 0.075
310	
  Aviation	
  Way	
  #200 0.067

1308	
  Bailes	
  Ln.
1547	
  Tilco 0.014

136-­‐140	
  W	
  Patrick	
  St. 0.002
McCurdy	
  Field 0.021

W	
  10th	
  &	
  Motter	
  Ave. 0.325
Armory	
  Bldg. 4.128

OCCUPIED	
  SPACE	
  SUBTOTAL 25.012 3,881.4	
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L.	
  Breakdown	
  of	
  Assigned	
  GSF	
  and	
  building	
  occupancy	
  with	
  per	
  person	
  emissions	
  

 
 

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

ADDRESS	
  
Assigned	
  

GSF/Person
	
  GSF	
  

	
  Estimated	
  
Occupancy	
  /	
  
building	
  

MTCO2e	
  per	
  
Person

296	
  BUCHEINER	
  RD 20	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   14,302	
  	
  	
  	
  	
   573	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   0.004	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
142	
  W	
  PATRICK	
  ST 100	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   8,829	
  	
  	
  	
  	
  	
  	
   71	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   5.313	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
104	
  S	
  MARKET	
  ST 200	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   9,174	
  	
  	
  	
  	
  	
  	
   37	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   4.139	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
301	
  S.	
  MARKET	
  ST 200	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   3,254	
  	
  	
  	
  	
  	
  	
   14	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   1.894	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

BURCK	
  ST 50	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   6,200	
  	
  	
  	
  	
  	
  	
   100	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   0.551	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5930	
  MOUNTAINDALE	
  RD 200	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   400	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   2.275	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

48	
  E	
  PATRICK	
  ST 50	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   19,322	
  	
  	
  	
  	
   310	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   0.366	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
100	
  S	
  MARKET	
  ST 100	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   22,747	
  	
  	
  	
  	
   182	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   0.418	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

8415	
  GAS	
  HOUSE	
  PIKE 100	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   8,320	
  	
  	
  	
  	
  	
  	
   67	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   0.617	
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Background 
Sports stadiums consume a great deal of energy and The City of Frederick’s Harry Grove 

Stadium is no different. It is also a prominent public facility for both visitors and residents. This past 
season, 324,446 patrons walked through the Harry Grove gates to watch the Frederick Keys play.a 
According to one study, two-thirds of fans traveled from outside Frederick County from surrounding 
counties in both Maryland and Virginia.  

At the same time, there is a renewed focus on greening stadiums nationwide. At the Minor 
League level, however, such programs are few and far between. The opportunity to elevate Frederick to 
the national stage with a series of stadium sustainability projects is an opportunity the City cannot 
overlook.  

What’s more, engaging national organizations like The Green Sports Alliance, a partnership 
between environmental scientists and over 120 sports teams including the Baltimore Orioles, as well as 
The Natural Resources Defense Council, could publicly reinforce the idea that the City of Frederick is 
committed to creating a more sustainable city. Keeping in mind that the City has committed to evaluating 
sustainability projects for the FY14-19 Capital Improvement Plan, in part, on their public outreach 
components, the projects outlined below are intended to not only create a more sustainable stadium, but to 
act as a very public statement that Frederick is committed to being a twenty-first century sustainable city. 
 
Short Term: Solar Picnic Pavilions 

Due to the outstanding patronage of the Frederick Keys in recent years, during many games fans 
have used the east grassy area for overflow parking (Appendix A). This unintended outcome of fan 
attendance increases groundwater pollution and decreases opportunities for community use of the open 
space at the stadium.  

 To solve this environmental and community problem, the City could employ youth innovation 
and public education. A partnership with Frederick High School would ensure that the City’s youth act as 
community change agents while also learning different ways to apply renewable energy technologies 
within the built environment. 

By using the established Maryland State-mandated high school graduation requirements for 
environmental literacy,1 the City and high school should develop curricular programs and pathways or co-
curricular clubs2 to create a hands-on literacy program for STEM students focused on the design and 
fabrication of lighted picnic table pavilions operated with solar energy (Appendix B). These pavilions will 
be installed on the grassy area, creating usable community gathering space at all times of day.  

The high school program will be responsible for raising funds up to $2,500 per pavilion3—from 
various local, State, and corporate grant sources funding K-12 environmental education—with a dollar for 
dollar match supplied by the City out of the “Community Development” budget (Appendix C, D).4 The 
City should also pay for installation of the picnic tables. To ensure the program’s longevity and maximize 
the quality of each fabricated unit, no more than two pavilions should be built and installed each year. 

Design and fabrication of structures using solar energy by high school students has taken place in 
many places across the country (Appendix E).5 Given the robust educational components of STEM 
pathways in the Frederick County Public School system, there is no doubt that the students and teachers 
at Frederick High School have the talent and capacity to support this partnership with the City. In 
teaching Frederick youth about solar power, there will be an increase in city-wide awareness of renewable 
energy opportunities while creating a vested interest in the stadium for those directly or indirectly 
involved in the program. 

                                                        
a The Frederick Keys are a High-A affiliate of Major League Baseball’s Baltimore Orioles and are contracted to be their developmental team 
through the 2018 season. Games averaged 5,000 attendees. Stadium capacity is 5,500. 
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Medium Term: Green Infrastructure and Stormwater Management 
The installation of green roofs and other green infrastructure will reduce the stadium’s energy use 

and thus the City’s bottom line for operations. The benefits that come with a basic green roof installation 
include heating and cooling reductions, as the roof insulates the building from temperature extremes; 
reduction in the urban heat island effect resulting in lower energy use for cooling the space; sequestration 
of greenhouse gases; reduction of stormwater and pollutant runoff; and an increase in the roof’s lifespan 
due to the added protection.67 

Stadium green roofs have become more and more popular with teams like the New York Mets8 
installing green roofs and other green infrastructure projects. There is no reason that the City of Frederick 
cannot reap these same benefits.  

The City has a number of funding options (Appendix I). This report focuses on two: the Small 
Watershed grant and the Green Streets, Green Jobs, Green Towns grant. In pursuing these grants, the City 
should emphasize the variety of green infrastructure projects, along with the outreach and education 
opportunities they provide. Incorporating these elements would make the City a stronger candidate for the 
grants.  

To see this project through, the Planning and Public Works Departments will need to work jointly 
with the stadium management, beginning with the decision on which green infrastructure the City will 
pursue and the grant application process. This coordination will prove essential if the project is to 
succeed. 

 
Long Term: LED Field Lighting Project 

Field lighting is typically the first or second largest single consumer of energy at stadiums.9 A 
significant reduction in energy use for lighting results in a significant reduction in carbon emissions and 
electricity costs. LED lighting is now a proven technology that can offer those benefits. Many major 
league sports venues and colleges have adopted indoor LED lighting, which came onto the market first. 
Now, outdoor LED lighting is available and is being adopted worldwide.10  

There are many benefits to LED lights. The replacement of 180 halide fixtures with 90 LED 
fixtures would save 42,480 kWh, 293 metric tonnes of CO2e, and $2,942 each year (Appendix J). LED 
lights last longer (50,000-225,000 hours versus 10,000-15,000 hours for halide),11 offer better lighting 
quality, do not need to warm up, and can be dimmed to lower levels for non-game events or post-game 
clean up. The new LED system at Duke University’s Field Hockey Stadium reduced energy use 60-70%, 
virtually eliminated cleaning and bulb replacement, and improved the quality of light.1213 

The main costs of this project include the up-front capital costs of purchasing and 
installation. The fixtures cost approximately $1,500 each,14 but they will lower electricity costs and 
reduce maintenance so that the initial investment will be recouped over time. The project becomes more 
feasible if initial outlays can be reduced through incentives like the Potomac Edison Lighting Incentives 
for Business, which offers $250 per LED fixture.15  

The timeframe for implementation will depend on a detailed analysis of the existing lighting 
system, which would be the first step in a likely three-year project timeline. When this project comes 
fruition in three to four years, LED lighting will likely have become the standard for new stadiums and 
much more commonplace for retrofits. Prices will also likely decrease as more companies move into the 
field. 

 
Conclusion 
There are many important projects the City is due to undertake in the coming years that merit 
examination; however, the projects presented here warrant investment because of their many economic 
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and community co-benefits. Such projects would demonstrate to residents and visitors alike the ways 
Frederick can more effectively use City funds while benefitting the environment and the public.

                                                        
1 Maryland State Department of Education. (2003). Environmental Education. Environmental Programs. (G. 
Hedges, Ed.) Maryland State Department of Education. Retrieved December 9, 2014, from 
http://www.marylandpublicschools.org/msde/programs/environment/ 
2 Frederick County Public Schools. (2013). 2013-2014 Frederick County Public Schools High School Course Guide. 
Frederick County Public Schools. Retrieved 12 9, 2014, from 
http://www.fcps.org/cms/lib02/MD01000577/Centricity/Domain/22/HS_CourseGuide_2013-14_WEB3.pdf 
3 BSOS Sustainability Task Force -- Budget Group. (2014). Budget Shell for Solar Panel Charging Station. BSOS 
STF. College Park, MD: BSOS Sustainability Task Force. Retrieved December 9, 2014 
4 The City of Frederick. (2014, May 15). Fiscal Year 2015 Budget. 162-163. (D. o. Purchasing, Ed.) Frederick, MD. 
Retrieved 12 9, 2014, from http://www.cityoffrederick.com/DocumentCenter/View/4166 
5 High School Students Build Solar Off Grid Tiny House. (2014, March 5). Tiny House Talk. Retrieved 12 9, 2014, 
from http://tinyhousetalk.com/student-built-solar-off-grid-tiny-house-for-sale/ 
6 U.S. EPA. (2008). Reducing Urban Heat Islands: Compendium of Strategies Green Roofs. U.S. Environmental 
Protection Agency. Retrieved from http://www.epa.gov/heatisland/resources/pdf/GreenRoofsCompendium.pdf 
7 Curtland, C. (2013, March 25). Green Roof Retrofits and Your Success. Buildings, p. 2. Retrieved from 
http://www.buildings.com/article-
details/articleid/15483/title/green%20roof%20retrofits%20and%20your%20success/page/2.aspx 
8 NY Mets Unveil Citi Field's Green Specs. (2008, March 16). Environmental Leader, p. 1. Retrieved from 
http://www.environmentalleader.com/2008/03/16/ny-mets-unveil-citi-fields-green-specs/ 
9 Belson, K. (2013, October 8). Sports Beginning to See the Energy-Efficient Light. The New York Times. Retrieved 
from http://www.nytimes.com 
10 Levin, K. (2014, December 4). Lighting it Up: Sporting Venues Transition to LED Technology. Triple Pundit. 
Retrieved from http://www.triplepundit.com 
11 Ibid, 2014. 
12 Roth, B. (2014, October 9). Let There Be (LED) Light! Duke Today. Retrieved from 
https://today.duke.edu/2014/10/fieldhockeyled. 
13 Business Wire. (2014, July 1). Duke University’s Williams Field at Jack Katz Stadium to become the first NCAA 
Division I Outdoor Sports Venue to Convert to LED Lighting. Retrieved from http://www.businesswire.com 
14 Belson, 2013. 
15 Potomac Edison. Lighting Incentives for Business Program. Retrieved from http://www.energysavemd-
business.com/forms/FE_MD_Lighting_Incentives_for_Business_Program_rev4.1.pdf. 
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Appendices 
 
Solar Picnic Pavilions 
A. East grassy area where unofficial overflow parking occurs (highlighted in red). Highlighted in 
blue is the current picnic pavilions that are included in the use of ball field rented by community 
members. 
 

 

B. Curricular and Co-Curricular options for school partnerships with the City. 

Curricular Co-Curricular Clubs 

http://www.fcps.org/cms/lib02/MD01000577/Centricity/Domain/22/HS
_CourseGuide_2013-14_WEB3.pdf 

http://education.fcps.org/f
hs/clubs 

Title Page(s) Envirothon 

Industrial Engineering and Career Pathway 10 Sustainability Club 

Career & Technology Education (CTE) programs 
(school-based) 

20 National Society of Black 
Engineers 

Technology Education 46-48 Women in Science and 
Engineering 
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C. Approximate Budget for the necessary materials to fabricate a custom solar powered picnic 
pavilion. 

 
 
 
 
D. Grant opportunities and sources for K-12 environmental education program funding. 

TYPE: SOURCE: NAME: MAXIMUM 
AMOUNT: 

INFORMATION FOUND 
AT: 

Local 
nonprofit 

Frederick Arts 
Council 

Arts in Education 
Grant Program 

$500 http://frederickartscouncil.org/inde
x.php/grants-and-support/arts-in-
education 

Regional 
nonprofit 

Chesapeake Bay 
Trust 

Environmental 
Education K-12 
Mini Grant 

$5,000 http://www.cbtrust.org/site/c.miJP
KXPCJnH/b.5457547/k.D6AC/K1
2_Environmental_Education_Mini
_Grant.htm 

Regional 
nonprofit 

Chesapeake Bay 
Trust 

Community 
Engagement and 
Restoration Mini 
Grant 

$5,000 http://www.cbtrust.org/site/c.miJP
KXPCJnH/b.8600101/k.F6D8/Co
mmunity_Engagement_and_Restor
ation_Mini_Grant.htm 
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Regional 
nonprofit 

Chesapeake Bay 
Trust 

Outdoor Health 
Initiative 

Unknown http://www.cbtrust.org/site/c.miJP
KXPCJnH/b.9225061/k.70E6/Out
door_Health_Initiative.htm 

County 
nonprofit 

Community 
Foundation of 
Frederick County 

Impact Grant Unknown http://www.cffredco.org/receive/gr
ants 

Regional 
nonprofit 

Unity Gardens Grants $1,000 http://www.unitygardens.org/grant
s 

Corporate Honda American Honda 
Foundation 

$20,000 to 
$75,000 

http://corporate.honda.com/americ
a/philanthropy.aspx?id=ahf 

Corporate Home Depot 
Foundation 

Community Impact 
Grants Program 

$5,000 http://homedepotfoundation.org/pa
ge/applying-for-a-grant 

Corporate First Energy STEM Classroom 
Grants 

$500 https://www.firstenergycorp.com/c
ontent/fecorp/community/educatio
n/educational_grants.html 

National 
nonprofit 

NEA Foundation Student 
Achievement Grant 

$2,000 & 
$5,000 

http://www.neafoundation.org/pag
es/nea-student-achievement-grants/ 

National 
nonprofit 

Captain Planet 
Foundation 

Small Grant $500 -$2,500 http://www.captainplanetfoundatio
n.org/apply-for-grants/ 
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E. Example of off-the-grid house built by high school students from Rancho Cotage High School. 
While this particular structure is far more complex that the recommended picnic pavilion, this house 
demonstrates the capacity of what high school students can accomplish with proper teaching and 
tools. 

 
Green Infrastructure and Stormwater Management 
 

F. Shows the locations of the proposed green roofs (highlighted in red) 
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G. Shows the proposed location of the first parking lot permeable pavement section (highlighted in 
red) 

 
 
 
H. Estimated costs for green infrastructure projects.  Square footage derived from Google Earth 
measurements. Costs for green infrastructure installation and maintenance acquired from the Center 
for Neighborhood Technology’s national stormwater management calculator cost sheet 
(http://greenvalues.cnt.org/national/cost_detail.php)  
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I. Green Infrastructure Funding Opportunities 

 
 
LED Field Lighting Project 
 
J.  Assumptions for calculating cost, emissions, and energy savings of LED versus metal halide 
stadium lights 
LED Metal Halide 

90 fixtures 180 fixtures 

1,000 watts/fixture 1,500 watts/fixture 

90,000 watts or 90 kilowatts per hour 270,000 watts or 270 kw per hour 

21,240 kWh per year* 63,720 kWh per year* 

$1,300.95** $3,902.85** 
*Assumes that lights are on for only 236 hours per year. This figure will be higher if the lights are 
used regularly outside of evening or cloudy game days. 
**Assumes an electricity cost of $.06125. 
 


	mhckeditsURSP688_CH1_Part1_Buildings_Descriptive upa.pdf
	ckdfeditsURSP688_Ch1_Part_2_Buildings_Prescriptive

