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a b s t  r  a c  t

In  Italy  many  museums  are  located  in  historical  buildings,  converted  later  to  this  functionality.  The  inser­
tion  of  energy  systems,  for  fruition  and  conservation’s  needs,  happened  fairly  recently  with  low  attention
to  environmental  sustainability  and  energy  ef�ciency.  “Energy  and  Buildings”  is  essential  in  EU Commu­
nity  Policies  aimed  at  reducing  greenhouse  gas emissions,  at  limiting  fuel  consumption  and  at  encouraging
the  use  of  renewable  energy  sources.  The  museum  buildings  can  play  an  important  role  in  this  scenario;
they  should  be  retro�tted  seeking  to  balance  the  “passive”  energy  performance  of  the  building­envelope
and  the  “active”  one  of  the  systems.  However  there  are  only  few  cases where  energy  retro�t  have  been
carried  out  and  few  data  related  to  energy  consumption  and  effects  after  retro�tting.

Fondazione  Musei  Senesi with  Politecnico  di  Torino  have  matched  these  aspects  in  the  research  project
“The  Museum  building:  Energy,  Systems,  Safety  &  Security”,  aimed  at  exploring  the  performance  of  the
whole  building  envelope  and  systems  for  the  indoor  climate  control,  with  particular  attention  to  energy.
The  study  was  carried  out  on  43  museums  using  speci�c  tools  developed  ad  hoc (self­assessment  checklist
and  a handbook).  The  project  can  be  a point  of  reference  for  different  museums  widespread  throughout
the  Italian  and  European  territory

©  2014  Elsevier  B.V. All  rights  reserved.

1.  Introduction

The  activity  presented  is  linked  to  the  Project  “Siena  Carbon
Free 2015”  [1] , which  has  implemented  at  the  provincial  level  an
energy  plan,  drawn  up  a program  to  perform  energy  audits  in
public  buildings,  give  contributions  for  the  construction  of  photo­
voltaic  plants  and  for  a communication  plan  to  raise  awareness  on
energy  and  environmental  issues.  It  is  aimed  at  businesses,  pub­
lic  bodies  and  private  citizens,  and  aims  to  make  the  Province  of
Siena  the  �rst  wide  area  in  Europe  with  zero  emissions  of  CO2 by
2015.

“Energy  and  Buildings”  is  nowadays  one  of  the  essential  bino­
mials  in  the  de�nition  of  EU Community  Policies  aimed  at  reducing
greenhouse  gas emissions,  at  limiting  fuel  consumption  and  at
encouraging  the  use  of  renewable  energy  sources.  Around  these
issues,  it  has  been  witnessed  the  fast  development  of  passive  and
active  technologies,  applied  to  the  whole  buildings’  envelope  and

� Corresponding  author.  Tel.:  +39  0110904507.
E­mail  addresses: michela.rota@polito.it , michela.m.rota@gmail.com  (M.  Rota),

stefano.corgnati@polito.it  (S.p. Corgnati),  dicorato@museisenesi.org  (L. Di  Corato).

HVAC  systems,  and  of  rating  systems  such  as GBC LEED®  Historic
Building  [2]  now  in  progress.  These topics  are  more  and  more  fre­
quently  applied  to  the  context  of  the  Italian  historical  buildings,
and  in  particular  of  the  built  heritage.

Museums  and  Cultural  Heritage  have  now  the  task  to  adapt
themselves  at  the  tendencies  for  the  reduction  of  greenhouse  gas
emissions;  they  should  also  assume  an  educational  role  for  citi­
zens  and  visitors  related  to  energy  ef�ciency  and  to  the  diffusion  of
best  practices  for  sustainability,  considering  example  about  what
it  is  applied  on  historical  buildings  also  in  other  functional  con­
texts.  In  a logic  of  green  museum  the  issue  of  energy  ef�ciency
plays  an  important  role  as “the  greatest  money  saver,  over  time”
[3] , through  the  performance  improvement  and  monitoring  of  sys­
tems  and  through  a change  of  habits  in  ordinary  and  extraordinary
management  of  the  activities.

However,  there  are  few  cases of  projects  speci�cally  focused  in
energy  ef�ciency,  and  above  all  there  are  just  few  real  data,  even  in
the  scienti�c  literature  on  energy  consumption  and  on  the  effects
of  retro�tting  action.

Monitoring  and  measuring  is  a central  topic  and  data  available
about  historical  buildings  and  in  the  museums  are  still  too  few  and
not  organized  in  a systematic  way.

http://dx.doi.org/10.1016/j.enbuild.2014.11.008
0378­7788/©  2014  Elsevier  B.V. All  rights  reserved.
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Table  1
Steps  of  the  project.

The  steps  of  the  project  and  the  people  in  charge:
Development  of  the  topic  to  be  analyzed  and  of  the  methodology

(DENERG e FMS)
Elaboration  of  the  self­assessment  checklist  (DENERG)
Sharing  ofthe  objectives  with  the  museums’  project  managers

(DENERG e FMS)
Submission  of  self­evaluation  protocol  (checklist)  to  be  �lledby  the

Museums  (DENERG e FMS)
Data  analysis  and  processing  of  the  results  (DENERG)
Presentation  of  results  (DENERG e FMS)
Drafting  of  the  handbook  (DENERG)
Preparation  of  a volume  containing  the  handbook,  the

self­assessment  checklist  and  the  main  the  results  of  the  project
(DENERG e FMS)

2.  Objectives  and  methodology

Fondazione  Musei  Senesi (FMS)  [4]  in  2009  set  the  objective
to  identify,  codify  and  create  a procedure  to  monitor  the  museum
building.  In  particular,  it  has  been  highlighted  the  need  to  increase
the  awareness  on  the  various  “subjects”  that  work  for  a museum
building,  especially  in  operation  and  maintenance  (but  not  only),
and  about  performance  of  systems  for  indoor  climate  control.

This  objective  was  translated  into  the  activities  of  the  research
project  “The  Museum  building:  Energy,  Systems,  Safety  &  Security”
unrolled  by  Energy  Department  of  Politecnico  di  Torino  in  synergy
with  FMS. The  project  was  developed  involving  43  Museums  on
the  territory  of  Siena, playing  an  experimental  activity,  aimed  at
exploring  the  energy  performance  of  the  whole  building  system.

To  this  aim  it  was  necessary  to  develop  useful  tools  for  the  sur­
vey,  in  order  to  highlight  in  a systematic  manner  the  critical  issues
related  to  building  energy  systems  and  to  suggest  actions  to:

 improve  energy  performance;
 minimize  consumptions  and  cost  (in  terms  of  raw  materials  and

economic  aspects);
 minimize  environmental  impacts;
 start  a process  towards  the  “green  museum”.

The  above  table  highlights  the  steps  of  the  project  (Table  1).
The  main  aspects  covered  by  the  project  concern  the  develop­

ment  of  a self­evaluation  checklist,  useful  to  de�ning  the  status  quo,
a methodology  for  data  analysis  and  a report  of  the  results  of  the
survey.

In  the  last  part  of  the  present  paper,  the  structure  of  the  hand­
book  is  presented:  written  as support  for  institution  managers  and
owners  of  museums  to  create  a common  language  addressed  to
building  energy  ef�ciency  and  as guideline  useful  to  take  more
appropriate  actions  from  the  very  early  steps  of  a retro�t  project.

2.1. Checklist  for  a preliminary  museum  energy  assessment

It  has  been  developed  an  evaluation  form  (checklist)  for  the  col­
lection  of  energy  systems  and  data  of  the  Museums.  This  survey
tool,  developed  speci�cally  for  the  museum’s  assets, was  imple­
mented  after  meetings  with  the  museums’  staff  involved  in  the
project.  The  checklist  allows  managers  of  the  museums,  through
a self­assessment,  to  monitor  and  evaluate  the  status  quo  of
their  institutions  with  reference  to  energy  ef�ciency  of  the  whole
museum  building,  in  order  to  establish  an  adequate  path  for  plan­
ning  a retro�t  activity.  The  checklist  is  presented  with  closed
questions  yes/no  or  opened  in  limited  number;  there  are  also  spaces
for  notes  to  specify  some  aspects.

The  topics  of  the  survey  are  divided  into  sections  and  include:

Table  2
The  size  of  the  buildings.

1–500  m 2 501–1000  m 2 1001–2500  m 2 No  answer

Museums  20  6  6  3
Total  Museums 34  34  34  34

 general  information;
 information  on  the  building  envelope;
 functional  and  dimensional  parameters  of  the  rooms;
 detailed  info  on  the  energy  systems  (thermal  plant,  HVAC  sys­

tems,  electrical  equipment,  lighting :  :  :);
 types  of  contracts  for  operation  and  maintenance  of  the  building;
 indications  related  to  safety  &  security  aspects.

The  survey  was  initially  performed  on  43  Museums;  the  �nal
analysis  was  processed  on  34  Museums.  In  fact,  during  the  data
processing  it  has  been  chosen  not  to  include  in  the  analysis  the  Sci­
enti�c  Museums,  since  it  was  impossible  to  get  energy  and  systems
information  to  that  kind  of  museum,  because  they  are  often  placed
inside  wider  buildings.  The  information  collected,  later  presented,
can  be  summarized  in  terms  of  analysis  onto  three  different  levels:

 Comparison  between  museums:  the  direct  comparison  of  the
data  characterising  the  analyzed  museums.

 General  trends  for  each  analyzed  topic  (for  example,  for  the  item
‘management  of  the  museum’:  for  15/34,  direct  management  of
the  owner;  for  18/34,  management  entrusted  by  the  owner  to
another  entity).  Summary  table  for  the  evaluation  of  energy  data.
For  this  analysis,  the  attention  is  paid  to  items  more  speci�cally
related  with  energy  ef�ciency,  as the  volumes  and  dimensions
of  the  museum  building,  the  data  about  fuel  and  electricity  and
consumption  and  costs.

2.2. The application  and  results  of  the  museum  energy
assessment checklist

2.2.1. General information
“The  Fondazione  Musei  Senesi brings  together  about  forty  muse­

ums  in  a uni�ed  system  that  offers  invaluable  evidence  of  the
Sienese cultural  identity.  This  immense  cultural  wealth  is  made
even  more  precious  by  the  fact  that  the  museums  are  often  housed
in  monumental  buildings  of  major  architectural  interest  and  are
linked  by  geographical  proximity  and  historical  continuity  to  the
contexts  where  they  were  created,  presenting  a paradigmatic
example  of  eco  museum.  The  collections  preserved  in  the  Sienese
museums  embrace  in  this  way  the  entire  civilization  of  the  Land
of  Siena  (and  more)  from  its  Etruscan  origins  to  the  modern  day,
in  the  most  diverse  forms  of  art­historical,  archeological,  scienti�c,
natural,  and  anthropological  holdings.  They  offer  an  extraordinary
way  to  experience  the  area”  [4] .

In  particular,  the  museums  are  mainly  housed  in  buildings  in
which  the  original  use  was  different;  they  were  built  for  residen­
tial  purpose,  as palaces  and  homes  (11/34),  castles,  farm  buildings
or  schools  or  religious  complex.  The  buildings  were  built  mainly
between  the  twelfth  century  and  1900  (29/34),  in  some  cases with
different  layers  of  construction  that  took  place  over  time.  The  feed­
back  for  the  current  condition  of  conservation  of  the  buildings  is
positive  in  90% of  cases. The  size  of  many  museums  is  lower  than
500  m 2 (20/34)  (see Table  2).  Only  6/34  museums  have  an  area
higher  than  1000  m 2 , it  follows  that  these  are  mainly  buildings
of  small  and  medium  size.  18/34  Museums  holds  other  functions
within  the  building,  including  municipal  of�ces,  libraries  managed
by  the  City  Council  or  University  or  private  homes  and  of�ces;
this  last  aspect  has  a direct  consequence  in  terms  of  system’s
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Fig.  1.  Inside  and  outside  pictures  of  the  some  museums  of  FMS.

Fig.  2.  Heating  costs.

Fig.  3.  Electricity  costs.
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management,  because  of  the  different  indoor  climate  requirements
for  temperature  and  relative  humidity.

2.2.2. Systems and  energy  aspects
Apart  from  this  general  information,  the  checklist,  applied  to  the

different  museums,  has  allowed  to  compare  the  current  situation  of
the  museum  network  of  the  Foundation;  this  aspect  is  crucial  when
it’s  necessary  to  de�ne  a plan  of  actions  to  orient  investments  for
retro�tting  a building  stock.

2.2.2.1. Envelope. About  the  opaque  building  envelope,  the  major­
ity  has  an  envelope  medium  or  heavy  in  term  of  thickness  (32/34);
only  in  5  cases insulation  is  present.  About  transparent  surfaces,
the  majority  of  the  buildings  have  windows  with  wooden  frames

(27/34),  the  number  of  double  glazing  is  only  slightly  higher  than
that  of  single  glazing  (17  vs. 15).

2.2.2.2. HVAC systems. Regarding  the  thermal  plants,  28/34  muse­
ums  have  traditional  heat  generator  and  in  most  cases the  fuel  used
is  natural  gas, followed  by  diesel  and  gpl.  In  general  only  in  few  cases
renewable  energy  sources  and  new  technologies  have  been  used,
such  as for  example  solar  thermal  or  photovoltaic  panels.

In  reference  to  the  type  of  HVAC  system  the  majority  (16/34)
has  only  heating  system,  and  the  terminal  units  most  commonly
used  are  fan  coils  or  mixed  systems  with  radiators  and  fan  coils;
5/34  museums  have  heating  and  cooling,  while  7/34  have  heating,
cooling  and  air  conditioning.  There  are  also  6/34  museums  that  do
not  possess heating  system  (Fig. 1).

Fig.  4.  Total  energy  costs  (heating  and  electricity).

Fig.  5.  Total  energy  costs  related  to  the  type  of  systems  (heating  and  electricity).
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The  installations  of  humidi�cation/dehumidi�cation,  air  condi­
tioning  and  mechanical  ventilation  are  little  used;  in  particular  the
mechanical  ventilation  is  only  present  in  15% of  cases, which  leads
a consequence  connected  to  the  air  exchange  that  occurs  through
the  opening  of  windows,  causing  signi�cant  heat  loss  in  winter
and  typically  an  excessive  variation  in  thermal  gradients  respect
to  those  prescribed  by  the  regulations  for  the  proper  conservation
of  materials  (UNI  10829­1999)  [5,6] .

2.2.2.3. Indoor  environmental  monitoring.  A  part  of  the  survey
regarded  environmental  monitoring  that  should  be  disseminated
in  a systematic  way  [7–9]  as indicated  in  the  best  practices  of
preventive  conservation.  The  institutions  that  preserve  cultural
heritage  are  required  to  keep  under  monitoring  the  state  of  conser­
vation  of  the  collections,  ensuring  compliance  with  a satisfactory
environment  conditions  (T, RH, IAQ, LUX).  Among  the  measures,
the  scheduled  maintenance  activities  and  the  systematic  environ­
mental  monitoring  are  pointed  out  as important  for  the  state  of
conservation  of  the  assets., In  Italy  there  is  a lack  of  continuity  of
this  practice  and  the  situation  for  FMS not  differ  much  from  the
average,  in  fact  only  8/34  play  an  environmental  monitoring  activ­
ity,  even  if50%  of  the  totally  of  museums  are  satis�ed  with  the  level
of  microclimate  control;  and  26/34  meet  the  right  conditions  of
conservation  of  objects  detected  on  the  basis  of  detailed  diagnostic
investigations  and  inspections  carried  out  by  managers  responsi­
ble  for  conservation.  Almost  all  museums  that  express  the  need
for  more  detailed  analysis  for  conservation  proceed  with  microcli­
matic  checks,  but  the  impression  is  that  it  should  be  increased  the
use  of  technology  for  monitoring  for  the  preventive  conservation
of  collections.

2.2.2.4. Electrical  systems and  lighting.  All  museums  have  electrical
installations  and  are  equipped  with  arti�cial  lighting;  for  this  last
aspect  the  types  of  sources  are  especially  halogen,  
uorescent  and
incandescent  lights.  All  museums  have  “general”  lighting,  21/34
museums  have  punctual  illumination  for  the  objects,  while  22/34
museums  have  illumination  in  the  exhibit  showcase.

2.2.2.5. Consumption  and  costs. Data  related  to  consumption  have
been  asked  as an  expenditure  in  Euro,  (�nding  the  info  in  the  energy
bills).  The  annual  costs  of  heating  show  a minimum  of  0.60  D /m 3

and  a maximum  of  3.37  D /m 3 ;  the  average  has  been  calculated
equal  to  2.54  D /m 3 with  a standard  deviation  of  0.79  D /m 3 (see
Fig. 2).  The  annual  costs  of  ‘electricity  have  a minimum  of  about
1.00  D /m 3 and  a maximum  of  4.24  D /m 3 , the  average  has  been  cal­
culated  equal  to  2.74  D /m 3with  a standard  deviation  of  0.81  D /m 3

(see Fig. 3).
Considering  the  total  annual  cost  for  heating  and  electricity,

most  museums  fell  in  between  2  D /m 3 and  3  D /m 3 of  speci�c  cost
related  to  the  heated  volume,  while  in  the  range  between  12  D /m 2

and  15  D /m 2 when  related  to  the  heated  
oor  area  (see Fig. 4).
Fig. 5  shows  on  the  x­axis  the  total  energy  cost  for  each  building

(D /m 3)  and  in  the  y­axis  the  presence  and  the  type  of  HVAC  systems
(no  energy  and  electrical  system,  only  heating  system,  heating  and
cooling,  heating,  cooling  and  air  conditioning).  Moreover  2  sym­
bols  have  been  introduced:  O—refers  to  museums  satis�ed  with
the  level  of  indoor  climate  control  related  to  conservation  of  the
objects;  � —refers  to  museums  not  satis�ed  with  the  level  of  indoor
climate  control  related  to  conservation  of  the  object.  Different  col­
ors  have  been  used  to  express  the  fuel  and  no  color  has  been  used
if  we  have  n’t  the  data.  Each Museum  in  the  graph  is  expressed  by  a
code  (i.e.  M01).  Fig. 5  highlights  how  the  majority  of  museums  have
only  heating  systems.  It  is  possible  also  to  read  the  general  distri­
bution,  the  general  trend  and  the  potential  control  of  the  systems
in  terms  of  T and  UR with  the  level  of  satisfaction  about  conserva­
tion  of  the  collections  (in  circle  O the  museum  satis�ed).  On  the  top

Fig.  6.  The  handbook  (ebook):  the  museum  building:  systems,  energy,  security  &
safety.

left  of  the  �gure  there  are  the  museums  with  a favorable  situation
related  to  a good  potentiality  of  the  energy  system  (control  of  the
indoor  winter  and  summer  temperature  and  relative  humidity)  and
a low  energy  cost.  On  the  right  of  the  �gure  there  are  the  museums
with  a less  favorable  situation  related  to  a low  potentiality  of  the
energy  system  (only  control  of  the  indoor  winter  temperature)  and
a high  energy  cost.

The  analysis  allows  to  collect  a �rst  and  preliminary  set  of
homogeneous  data  that  can  be  used  as an  important  basis  for
further  considerations  on  consumption  and  energy  costs  of  muse­
ums.

Moreover,  some  critical  aspects,  highlighted  during  the  analysis,
have  allowed  to  give  a �rst  feedback  to  museums’  managers  on
the  project  and  to  suggest  a list  of  priority  that  can  be  followed  to
implement  some  speci�c  actions  (i.e.  on  glass  windows,  to  separate
different  climatic  zones,  for  monitoring  activities,  on  contract  and
activities  for  operation  and  maintenance,  :  :  :).

2.3. Handbook

An  handbook  (Fig. 6)  [10]  was  developed  as support  for  the
ordinary  management  and  for  spreading  a common  language  on
the  topics  covered  by  the  research.  It  contains  a series  of  chapters
on  different  aspects,  that  can  help  the  museum  staff  and  profes­
sionals  to  face  choices  for  the  ordinary  management  and  in  case
of  retro�tting.  The  main  aspects  concern  the  opaque  and  trans­
parent  envelope,  the  energy  systems,  the  renewable  sources  and
new  technologies.  The  chapters  of  the  handbook  are  presented  in
Table  3.
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Table  3
Chapters  of  the  Handbook.

1.  The  building
Topic  1—from  the  context  to  the  building
Topic  2—distributional  and  functional  topics
Topic  3—the  opaque  building­envelope:  insulation
Topic  4—the  opaque  building­envelope:  thermal  capacity
Topic  5—the  transparent  building  envelope:  glass  and  windows

2.  HVAC  systems
Topic  1—HVAC systems
Topic  2—thermal  plant
Topic  3—air  handling  units  and  air  terminal  devices
Topic  4—water  terminal  devices
Topic  5—HVAC systems  and  classes of  indoor  environmental  control

3.  Renewable  sources  and  new  technologies
Topic  1—solar  photovoltaic  panels
Topic  2—solar  thermal  panels
Topic  3—biomass
Topic  4—heat  pump
Topic  5—from  lighting  to  LED

4.  Safety  and  security  systems  attached
1.  Check­list  for  the  energy  assessment

3.  Conclusions

This  paper  describes  the  methodology  developed  and  applied
on  a widespread  number  of  museums,  part  of  the  network  of
the  Fondazione  Musei  Senesi. The  methodology  has  allowed  the
opportunity  to  gather  information  and  to  read  the  current  sit­
uation  not  only  for  the  single  museum,  but  in  a systematic
manner  for  the  museum  network;  this  aspect  is  crucial  when
it’s  necessary  to  start  actions  in  terms  of  orientation  of  invest­
ments  for  energy  retro�tting,  appropriated  for  the  existing  context
and  based  on  the  real  needs  both  of  the  single  and  the  net­
work.

In  general,  starting  from  the  analysis,  a list  of  suggestions  has
emerged,  such  as:

 the  need  for  improving  ef�ciency  in  the  museum  building  and  its
systems,  not  necessarily  through  structural  intervention,  but  also
with  management  decisions,  maintenance  and  control,  nowadays
still  little  deepened;  in  order  to  take  awareness  of  an  informed
management  related  to  the  principles  of  Facility  Management
[11] ;

 the  drawing  up  of  management  plans  for  the  building,  since  it  has
been  detected  as an  absent  practice  in  almost  all  the  cases (not
present  in  30/34  museums).

The  experience  can  be  a point  of  reference  for  the  various  and
different  museums  scattered  throughout  the  Italian  and  European
territory,  with  a particular  attention  to  the  increasingly  organized
networks.

This  paper  focuses  also  on  tools  useful  for  the  knowledge  of  the
state  of  the  art  and  for  the  improvement  of  the  conservation  con­
dition  of  the  collection  related  to  energy  and  systems  aspects  and
the  measure  of  topics  related  with  energy  ef�ciency.  The  analysis  of
data  has  led  to  quantitative  and  qualitative  considerations  in  rela­
tion  to  systems  and  technology,  consumption  and  costs  in  terms  of
energy,  and  at  the  possibility  to  carry  out  a list  of  critical  points,  if
present  for  the  single  museum.

The  analysis  of  the  information  collected,  crossed  with  the  avail­
ability  of  resources  of  the  museum  (availability  of  space, personnel,
budget),  may  lead  to  the  elaboration  of  preventive  conservation
plan.  This  plan  must  necessarily  highlight  priorities  for  action  that
will  be  organized  on  time  basis  (short,  medium,  long)  and  on  cost
evaluation  (low,  medium,  high).  The  actions  of  preventive  conser­
vation  must  therefore  be  determined  on  a case­by­case  basis,  based
on  the  real  needs  of  the  collection,  with  the  primary  goal  of  creating
safe  environments  and  optimal  storage  conditions.

Starting  from  the  analysis,  it  has  emerged  also  the  need  to  start
diagnostic  activities  more  detailed  (or  museum  energy  audit  of  II
level)  to  be  used  on  each  museum  to  better  understand  the  situation
and  to  start  speci�c  activities.
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1. The Accreditation Process
With the Decree D.M.10th May 2001 “Guideline on the scienti! c and technical 
criteria and the standards of operation and development of museums (art.150, 
comma 6, D.L. n.112/1998)”, it has been launched at a national level, an im-
portant phase of museum’s analysis and de! nition of benchmarks t hrough 
which measuring the quality of the museum’s service.
The choice of the Regione Piemonte, from the outset, was to establish a set 
of tools aimed at organizing the regional museum system with particular at-
tention to the characteristics of each single museum and also to its context. 
Following the issue of Museum Standards, published both online http://risor-
sebeniculturali.! tzcarraldo.it/risorsebeniculturali/standard-museali ) and in a 
series of books, with the D.D. n.860, 20th November 2008, it has been de! ned 
the organizational structure to start the museums self-assessment procedu-
res. From 2009 to 2011 it was carried out on 25 museums in the regional area 
an experimental phase of the self-assessment procedure, ! nalized at making 
arrangements for the accreditation process, which resulted in the Delibera n. 
24-3914 of the Giunta Regionale, 29th may 2012 (D.M. 10.5.2001. Standard 
di qualità nei musei piemontesi - Approvazione modalità e procedura di accre-
ditamento e linee guida per la prosecuzione e lo sviluppo del progetto).
The museum accreditation process, developed in a Pilot Group in synergy 
between the Museums and Cultural Heritage Area of the Regione Piemonte, 
the Politecnico di Torino, the Fondazione Fitzcarraldo  and the Fondazione 
Torino Musei, was intended as a tool to get a double result:
- encourage and support Museums to reach, in all areas of activity, operational 
performance related to a minimum level of quality (de! ned wit h the standards) 
or, if possible, to a level of excellence
- provide the Regional Administration with a programming tool shared with the 
Museums for a more sustainable allocation and management of resources, 
according to transparent criteria that maximize the effectiveness of the expen-
diture and reduce the dispersion of resources towards initiatives  little evalua-
ble and signi! cant in the territory. 
The main objective was to use the museum standard as a programming tool 
for the choices of actions and for the monitoring of results. In this logic, the 
single standard becomes at the same time element of evaluation, but also 
the level on which parameterise the trend line. The chance to deal with an 
analysis tool, even before as evaluation tool, represents an useful help for the 
decision-making process.
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The accreditation process is based, for the ! rst part, on an on line self-asses-
sment procedure made by museums, through the compilation of  forms, one 
for each ! eld (Ambito). The forms are then the object of an  assessment by 
the Pilot Group that highlights any inconsistencies and critical aspects and 
organizes meetings with the staff of museums and in some cases inspections. 
Then the Pilot Group instructs the practice, processing a summary document 
(Report) by checking the position with respect to standards. The report is for-
warded to a Technical Committee, characterized by the high level of represen-
tativeness of the system of cultural heritage, not only local, which is entrusted 
with the task of examining the self-assessment and expresses a reasoned 
judgment which can be summarized in “creditable” , “creditable under condi-
tion” and “non-creditable”.
The judgment “non-creditable” corresponds to situations where the lacks 
and problems appear serious, widespread and would require a long process 
to approach the minimum thresholds; while the judgment “creditable under 
condition” is limited to situations in which some parameters are not met in 
their minimum threshold, but the intervention to address these critical issues 
has been identi! ed and there are conditions to implement it in a reasonable 
amount of time. 
After these steps of the procedure, the Regione Piemonte transmits the judg-
ment to each museum with a summary document that highlights the achie-
vement or otherwise the standard level for each area and the highlight of the 
main critical aspects.
The sample of 25 museums (Tab. 1) under investigation has been extremely 
varied both in the geographical location in Piedmont and in the type of the 
museum and of the collection exhibited, such as museums of history and art, 
contemporary art, multimedia exhibits, placed both in historical buildings or in 
new construction.

Tab. 1 - Museums of the accreditation process

After the experimental phase, the Pilot Group highlights, as well as signi! cant 
excellences, widespread structural weaknesses, organizational problems, in-
correct methods of operation and the absence of programs aimed at preven-
tive conservation of collections on display and in storage.
For the “Management and Care of Collections” ! eld [Spantiga ti, 2007] dif! cul-
ties were pointed out, in most cases, due to the lack of speci! c skills relating 
to technology and to organizational and procedural aspects.
Within the exhibition spaces and storage areas, it has been veri! ed in many 
cases the lack of instruments for the monitoring of environmental conditions 
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(temperature and relative humidity, luminance) and the absence of devices 
and systems for controlling the microclimate, a critical aspect also evident for 
single objects that require special attention in terms of conservation.
In addition, where carried out, it was highlighted the lack of formalization and 
systematic recording of the results of the monitoring on the conservation sta-
tus of the assets.

In the context of the accreditation process started by the Regione Piemonte, 
the researchers from the Politecnico have developed tools and methodolo-
gies to collect information on the state of the art of the structures, exhibition, 
safety and security aspects, systems and management of collections, useful 
for the Museums and, generally speaking, for all the Institutions that have the 
“responsibility to act in terms of preventive conservation in order to protect 
the collections entrusted to them, in storage, on display or in transit, so that 
they can be passed to future generations” [Codice ICOM, 2001]  Besides it 
has been considered necessary to give support to museums with indications 
already contained in the DM 10/05/2001 and through inspections, talks with 
the managers and professionals of museums and their technical references 
and meetings with the Local Administrations.  
In particular, it has been developed a methodology of analysis called Con! -
dential Facility Report (CFR) and widespread actions of environmental moni-
toring have been undertaken to facilitate a road map to the process of adap-
tation to the standards and the overcoming the main problems raised in terms 
of preventive conservation also to start project and intervention of restoration, 
of construction and measures of enhancement/valorization.
The understanding of the current situation and the highlighting of the main 
problems is a critical step in the preparation of plans for maintenance and pre-
ventive conservation for a sustainable preservation of the structures. Similarly, 
highlighting the critical indices allows museums to de! ne pri orities to address 
any further survey and restoration projects.
The areas of analysis, of the survey activities, concern the building envelope, 
the interior rooms, the microclimatic environment conditions, the systems, the 
conservation of the assets and any decorative elements contained within the 
buildings.
The Con! dential Facility Report (CFR) [Filippi, Rota, 2 009] consists in a detai-
led report aimed at outlining the situation in each single museum. The objec-
tive is to collect information as a starting point both for beginning a decision 
process aimed at improving the quality of the museums’ structures and their 
services and for a shared and participated analysis of the risks related to 
conservation. This report will make it possible to highlight the needs related 
to preventive conservation and the safeguarding of the collections and, above 
all, it will enable to de! ne correct management procedures f or the creation 
of a “system of quality assurance”, based on the potential of the museums’ 
organizational structure and the awareness of what must be done to regulate, 
standardize, improve and renovate existing structures. CFR is mostly graphic 
and photographic, but not only; it is divided in sections dealing with different 
aspects: facilities, layout, installations, exhibition, conservation of the collec-
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tions, management, safety and security, maintenance. The current situation of 
every section is analysed and commented upon and any faults regarding the 
above mentioned aspects are highlighted. The CFR can be adapted, where 
necessary, to various kinds of cultural heritage. 

2.  Indoor Environment Monitoring
Concerning to the practice of environmental monitoring, practice expressly 
quoted in the DM  10th  May 2001 and retaken in the Museum Standards 
of the Regione Piemonte, the  Museums, and in general all institutions that 
preserve cultural heritage are required to keep under monitoring the state of 
conservation of the collections, ensuring compliance with a satisfactory envi-
ronment conditions. Among the measures pointed out are also highlighted the 
scheduled maintenance activities and the systematic environmental monito-
ring, for the state of conservation of the assets, and for the functionality of the 
environment system in which they are warehoused; in general, it has been 
required a commitment of the museums to the formalization of the procedures 
adopted to limit as much as possible the discretion or the absence of explicit 
rules
In this perspective, the researchers from the Politecnico were committed to 
implement a series of actions to spread as soon as possible the practice of 
environmental monitoring. The analysis of the results of the  monitoring ma-
kes it possible the diagnosis both of the environment considered in terms of 
optimal conservation’s conditions of the collection exhibited and of the perfor-
mance of the whole building’s HVAC systems and envelope in order to make 
proposals for improvements for both aspects.  In the ! rst case, for example it 
could be  possible to  proceed with the adoption of museum display cases or 
of special procedures of rotation and management of the  collections; while 
in the second case, the improvement solutions could concern, for example, 
interventions on the systems, on the building or improvement of management 
aspects.
In the context of the accreditation process the monitoring activity was carried 
out on a signi! cant number of museums, also in terms of differe nt types, and it 
has also enabled the development of a monitoring process that can be divided 
into a few main phases:
- evaluation of the context being monitored and identi! ca tion of the right en-
vironmental conditions together with museum professionals (conservators, 
directors, restorers)
- drafting of the project of monitoring and developed of document templates 
for the elaboration of environmental monitoring plans
- development of the monitoring and analysis of data: prepared speci! c re-
ports (operational report) on the results of the measurements

2.1. Evaluation of the characteristics of the museum context
Through a series of inspections and meetings with the managers the main 
aspects of the museum, as a whole, are identi• ed in order to  highlight the fea-
tures and the operation of the whole building’s HVAC systems and envelope. 
Detailed information is collected regarding the type of the collections, their 
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state of preservation, the characteristics of the buildings envelope, the pre-
sence or absence and type of HVAC systems, thereby verifying the possibility 
of control on the conditions of the internal environment.
Given the variety of materials exposed within the rooms or within the mu-
seum’s display cases it has been assumed range of compromise suf! cient ly 
prudent for all types of materials exposed.
It has been identi! ed the acceptable ranges for the conserva tion used for the 
analysis of the data and, where possible, these are agreed with the person in 
charge for the conservation. In the absence of speci! c indicati on, the referen-
ces used are both the DM 10/05/2001 and the UNI 10829 “Beni di interesse 
storico e artistico. Condizioni ambientali di conservazione. Misurazione ed 
analisi”.

2.2. Monitoring plan
Following the previous actions, the next step regards the drafting of a monito-
ring plan that consists of a document containing:
- summary results of the analysis previously carried out;
- materials according to the classi! cation of the UNI 10829:1 999 and the DM 
of 2001;
- " oor plans with the identi! cation of areas in which th e measurements are 
carried out and the location of the measurement points of the monitoring, with 
signi! cant photographic documentation; 
- " oor plans with an indication of system equipment of the rooms monitored, 
divided between air systems, water systems, and mixed air-water systems 
and the control systems including the set points and times on and off;
- acceptability ranges for the conservation in terms of temperature (T) and 
relative humidity (RH); and the relative gradients daily allowed;
- type of sensors used and measuring ranges;
- a summary of the methodology used for data processing.
An important step concerns the choice of rooms and display cases sample, 
which must be signi! cantly representative of the universe to wh ich the analy-
sis is related, in order to avoid substantial deviations from the average beha-
vior. In some cases it is necessary to monitor extensively the building.

Fig.2 - a sample of pages of a monitoring plan
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2.3. Analysis of Data
In the museums examined the monitoring phase sometimes lasts two months 
(short-term, seasonal campaign) and sometimes a year (long-term, annual 
survey).
In the ! rst case the researchers proceed to a single data analysi s since the 
main goal is to accustom the person in charge to use the technology and the 
method of data analysis.
In the second case they proceed with an analysis of the data for each season 
and a ! nal evaluation at the end of the year of measureme nt.
Measurements are performed with minidatalogger, with two-channel, sensing 
data every 15 minutes from both outside and inside the building, in the most 
signi! cant rooms and/or in the display cases containing the most  sensitive 
objects. The data of temperature and relative humidity, measured over the 
sample period, are processed in terms of statistical data analysis (average, 
standard deviation, minimum and maximum values).
For the presentation of the outcomes, detailed reports called Operational Re-
port have been developed,  in which the data are organized with different 
views, reported in the following paragraphs, useful for a speci! c interpretation 
of the situation of the internal environment conditions. Particular consideration 
should be given to different types of diagrams that are used, in order to inform 
the conservation managers about the outcomes of the monitoring, in connec-
tion with the issues of preventive conservation.
Time pro! le (Fig. 3) They are in general the graphs most used for a ! rst level 
of analysis; they show on the abscissa axis the time expressed in days and / 
or hours and on the ordinate axis the average values of the physical parame-
ters analyzed (temperature and / or relative humidity).

Frequency distribution, cumulated frequency of the hourly average values 
(Fig. 4)
The graphs below, as an example, represent on the abscissa the intervals 
chosen for the physical variable examined (temperature or relative humidity). 
The vertical axis, on the left, shows the frequency, that associates to each 
interval the amount of measured points inside the range itself. The ordinate 
axis, on the right, shows the cumulated frequency referred to the entire pe-

Fig.3 - Example of time pro! le of air T and RH of all the  points for summer and winter. In grey 
the values of outdoor air T and RH
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riod of observation, which associates each value to the percentage of time in 
which the values are lower than the value considered.

Syntetic Index (Fig. 5)
The shift index IS (Indice di Scostamento), concerning the conditions of con-
servation, is de! ned as the percentage of time (ie measured po ints) in which 
the environmental parameters measured fall outside the range of acceptable 
values. The performance index IP (Indice di Performance) for a speci! c mi-
croclimate magnitude, is seen as “the percentage of time in which the value in 
question is maintained within the chosen ! eld, considered acceptable.” These 
index have been published for the ! rst time in [Corgnati e t al., 2006].

4. Main outcomes and next developments
The main expectations of the measurement campaign were aimed at promo-
ting the creation of environmental monitoring projects as a complementary 
element to the conservation’s plan of the cultural heritage. Infact, the mu-
seums selected for the experimentation have pointed out, with the accredi-
tation process, some lacks in the use of this practice even if, in some cases, 
critical conservation aspects of the cultural assets have been noticed. It was 

Fig 4 - Frequency distribution, cumulated frequency of T and RH in the summer season

Fig. 5 - On the left, Syntetic index of air T and RH related to a point of measure for the different 
seasons



1233

Built Heritage 2013 Monitoring Conservation Management

intended to spread the test also with innovative technologies for the collection, 
transmission and storage of the values of environmental parameters in• uen-
cing the conservation of cultural heritage as well as services for the collection, 
processing and analysis of data relevant to the information and interpretation 
of phenomena of degradation by conservation managers. The installation of 
monitoring tools, in areas in which cultural heritage is exposed or stored, al-
lows the development of conscious strategies for the management of building-
plant system and the intervention for maintaining optimal values of the indoor 
microclimatic environment  on an objective basis of data.
The overcoming of the most critical aspects, in terms of preventive conser-
vation, will be supported by speci• c fundings of the Regio ne Piemonte with 
two distinct sections; one for the actions on the critical issues concerning 
security&safety, the structures and the care and management of the collec-
tions; and the other one on the reward of excellence. The Regione has the 
resources allocated (as approved by DGR n. 25-4660 of 01/10/2012) for the 
years 2012-2014 to support the actions for the enhancement of museums and 
cultural heritage in order to create distinct lines of funding for interventions 
and initiatives, however, consistent with the overall design of the Standards in 
regional museums and of the Accreditation Process.
On the line undertaken, to address the lack of speci• c knowle dge related to 
the absence of both a technological and organizational and procedural com-
ponent, the Authors intend to continue with some speci• c a ctions. Firstly the 
researchers intend to proceed with the installation of tools for the wireless 
monitoring for detection, transmission and storage of data with signi• cant 
improvements in terms of high accuracy and reliability of the measurement, 
ease in terms of time for the analysis and safety in the continuity data acqui-
sition. Monitoring may also be extended to high environmental variables (lu-
minance, air quality, air velocity) and to undertake interventions more aware, 
to evaluate the actual effectiveness of energy ef• ciency actio ns or policies for 
the management of plants in a perspective of environmental sustainability. 
Moreover, starting from the experience gained during the experimental phase, 
researchers will write guidelines for the practice of environmental monitoring 
activities, in order to spread as much as possible some formal procedures, 
between museum conservation managers, with clear advantages in terms of 
safeguarding of the cultural heritage.
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Q1. Years of it’s opening to the public?  + - + +- ++ - + +- + 
 

Q2. Is your museum the main building or site?  Yes �  No �  
 

 ( biggest museum with the most important collections) 

 
If NO, please indicate 

 

 The name of the main building or site?   
 

 

 1. Is your museum a separate/legal  entity?  Yes �  No �  
 

 2. How many sitesi  is your museum responsible for?  + - + +- + 
  N.B.: Number of sites excludes websites, only buildings and/or open air sites  are taken in account 

 
Q3. Does you museum  have   

 

 1. A permanent collection?  Yes �  No �  
 

 2.  Objects/items on long-term loan?  Yes �  No �  
 

  NB:  long-term loan collections do not include temporary exhibition loans (an item is an enti ty which the museum 
catalogues register as one museum object) 
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