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Fig.1. Harrington desirability function  
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Table 1.  Standard values of scale of desirability 

 
  

 
   

 
 0,8  d < 1 

 0,63  d < 0,80 
 0,37  d < 0,63 

 0,20  d < 0,37 
  0  d < 0,20 

 
 ,   

    
      

   S,  
   ,  -

       
,   -

 .  
     

   -
 ,    

  : 
 

1 2
1 2

1 2
1

... ;

... 1,

pp p n
n

n

i n
i

S S S S

p p p p
 (3)

 
 S –    -

  ’ ; n –  , 
   ; Si –  -  

; pi –   ( ) -  
     

   ’ . 
  -  Si -

     (3)  
 ,     ,  

  : 

1 2
1 2

1 2
1

...

. ,.

;

. 1

q q qi i im
i i i im

m

ij i i im
j

S K K K

q q q q
 (4) 

 
 Si –  -  ; m –  

,    ;  
Kij –  j-  -  ,  

 0  Kij  1; qij –   ( ) 
j-    -  . 

   -
  : 

)      
    -

       
 0  1. 
)      -

.     (4)  -
     

    -
 ,     -
. 

    
   .  

    -
      -

.     -
    -

 ,    -
    -

 - .  
 ’    -

       
. ,    

      -
,    -

     
    . 

 
   

  
 

    -
      

    
  ,    -

     -
 “  ”  -

  ,  ’    -
,     -

_______________________________________________________________________________________

_______________________________________________________________________________________

ENERGY-EFFICIEN Y IN CIVIL ENGINEERING AND ARCHITECTURE. 2018. Issue No. 11.

64 ISSN 2310-0516 (Print)



, -   -
,   , 

, ,   -
     
.  

    
,     -

      -
,     

    -
    

    . 
    -

     -
      

   , -
,   -

.  
    

     -
     

     
    -

     
,   ,  . -

    -
    ,  

    -
  .   
  ,   

 ,  -
     -

     -
. 

    -
    -

    -
   08.002.41.032:20  « ’  

.     
  ».  -

    -
   (  

),    -
     
 ISO 14024:2002.  

   
   , -

   ’  -
   « » : LEED, 

DGMB, BREEAM,  . .    
,     

( . 2).    -
       

   -
.     2,  

     
   ( . 1). 

 
1,0      

0,9 0,8  0,8 
0,85 5+

0,8  0,72  0,7 5 
0,7

0,63  0,65  

0,6  0,55  0,55 4+

0,5
0,5 

0,45 
0,5 

0,45 4 

0,4 0,37 0,36   
3 

0,3    0,3 

0,2      
0,1     

0   LEED DGNB BREEAM  

 
.2.    

   LEED, DGMB, 
BREEAM      

 . 
Fig.2. Comparison of rating scales of systems 

LEED, DGNB, BREEAM and SOU OEM 
(in Ukrainian), which converted to 
normalized values with a standard scale of 
desirability. 

 
   -

    -
      

  08.002.41.032:20 ,  -
   -

   , -
 -   -

   
  ,  -

    -
,  -

  «  »  -
 :    -

 ;    -
 ;    

 ' ;    
 ;    

 ;  
,  . . .  

 

_______________________________________________________________________________________

_______________________________________________________________________________________

    . 2018.  11.

ISSN 2310-0516 (Print) 65



 

1.  . .   -
     -

 .   -
. 2013.  3(47). . 33–38.

2.  . .    -
    -

  : . …
  : 08.00.05.

  . -
, 2006. 169 c.

3.  . .,  . .,  . .
   

  ' .
   . 2011. 

58. . 70–76.
4. Iwaro J., Mwasha A. The impact of sustainable

building envelope design on building  susta-
nability using Integrated Performance Model.

International Journal of Sustainable Built
Environment. 2013. Vol. 2. P. 153–171.
doi.org/10.1016/j.ijsbe.2014.03.002

5. Biddulph Mike. Introduction to residential
layout. Oxford Burlington, MA: Butterworth-
Heinemann, 2007. P. 241.

6. Yates J., Lacouture D. Sustainability in
engineering design and construction. Boca
Raton, FL: CRC Press, 2016. P. 426.
doi.org/10.1201/b18978

7.  . .,  . ., 
. .    -

    -
 .   -

 . 2014.  12. . 3-6.
8. Haapio Appu. Environmental assessment of

buildings. Espoo: Helsinki University of
Technology, 2008. C. 34.

9.    -
,    -

  ’  -
   .   -

  5 -2014 (  ).
  : 

0114U002579. . : , 2014. 275 .
10. United States Green Building Council (USGBC),

“LEED Green Building Rating System™ 1.0,”
Washington, D.C., 1999.

11. Rastogi A., Choi J. K., Hong T., & Lee M.
Impact of different LEED versions for green
building certification and energy efficiency
rating system: A Multifamily Midrise case study.
Applied Energy, 2017, Vol. 205, P. 732–740.
doi:10.1016/j.apenergy.2017.08.149.

12. BREEAM UK New Construction Non-Domestic
Buildings Technical Manual: Version: SD5076
Issue : 0.1(DRAFT) IssueDate:11/02/2014.

13. Prior J., ed. Building Research Establishment
Environmental Assessment Method (BREEAM).
In New Offices, Building Research Establishment,
Version 1/93. Garston, United Kingdom, 1993.

14. DGNB. DGNB OfficialWeb Page. Available
online: https://www.dgnb-system.de/en/system/
evaluation_and_awards/

15.  . .   
. . 2014.  1. 

https://www.abok.ru/for_spec/articles/28/5728/5
728.pdf.

16. Bernardi E., Carlucci S., Cornaro C., Bohne
R. A. An Analysis of the Most Adopted Rating
Systems for Assessing the Environmental Impact
of Buildings. Sustainability, 2017. Vol. 9, 1226
p. doi.org/10.3390/su9071226

17. Fowler K. M., Rauch E. M. Sustainable
Building Rating Systems. Summary. 2006.
https://www.usgbc.org/Docs/Archive/General/D
ocs1915.pdf.

18. Reeder Linda. Guide to green building rating
systems : understanding LEED, Green Globes,
Energy Star, the National Green Building
Standard, and more. Hoboken, N. J. : Wiley,
2010. Print. doi.org/10.1002/9781118259894

19.  . .  :  
     -

. . :   ,
2009. 608 .

20. Harrington E. C. The Desirability Function.
Industrial Quality Control. 1965. . 494–498.

21.  . .  -
    

 .  
    -

   - . -
, 2009. .4. . 76–80.

22. Lee P.-H., Yum B.-J. Multi-characteristics
parameter design: A desirability function approach
based on process capability indices. International
Journal of Reliability, Quality and Safety
Engineering. 2003. Vol.10, No.4, P. 445–461,
doi.org/10.1142/S0218539303001263

REFERENCES 

1. Kobeleva S. A. (2013). Scenarij razvitiya
zhilishchnogo stroitel'stva s uchyotom vliyaniya
ehkologicheskih faktorov [Scenario of housing
development taking into account the influence of
environmental factors]. Stroitel'stvo i rekon-
trukciya, 3(47), 33–38 (in Russian).

_______________________________________________________________________________________

_______________________________________________________________________________________

ENERGY-EFFICIEN Y IN CIVIL ENGINEERING AND ARCHITECTURE. 2018. Issue No. 11.

66 ISSN 2310-0516 (Print)



2. Erohina S. A. (2006). Metodicheskie podhody k
formirovaniyu i razvitiyu programm ehkol-
gicheskogo zhilishchnogo stroitel'stva

[Methodical approaches to the formation and
development of programs for environmental
housing construction]: diss. … kandidata
ehkonomicheskih nauk: 08.00.05. Sankt-
Peterburg, 169 (in Russian).

3. Statyuha G. O., Bojko T. V., Abramova A. O.
(2011). Sistemne oc nyuvannya ekolog chno
bezpeki proektovanih promislovih ob' kt v
[System assessment of ecological safety of
projected industrial objects]. Novye resheniya v
sovremennyh tekhnolog yah, 58, 70–76 (in Rus-
sian).

4. Iwaro J., Mwasha A. (2013). The impact of
sustainable building envelope design on building
sustainability using Integrated Performance
Model. International Journal of Sustainable
Built Environment, 2, 153–171.
doi.org/10.1016/j.ijsbe.2014.03.002

5. Biddulph, Mike (2007). Introduction to
residential layout.  Oxford Burlington, MA:
Butterworth-Heinemann, 241.

6. Yates J., Lacouture D. (2016). Sustainability in
engineering design and construction.  Boca
Raton, FL: CRC Press,  426. 
doi.org/10.1201/b18978

7. Il'ichyov V. A., Kolchunov V. I., Kobleva S.
A. (2014). Kriterial'naya model' polnogo
resursnogo cikla osnova ehkologicheskoj
bezopasnosti stroitel'stva [Criterial model of the
full resource cycle is the basis of ecological safe-
ty of construction]. Promyshlennoe i grazh-
anskoe stroitel'stvo, 12, 3–6 (in Russian).

8. Haapio, Appu (2008). Environmental
assessment of buildings. Espoo: Helsinki
University of Technology, 34.

9. Stvorennia metodolohichnykh osnov
proektuvannia, rozrakhunku ta vprov-
dzhennia enerhoaktyvnykh biosfero -

umisnykh obiektiv budivnytstva v umovakh
Ukrainy (2014) [Creation of methodological
bases of designing, calculation and introduction
of energy-active biospheric-compatible const-
ruction objects in the conditions of Ukraine].
Zvit z naukovo-doslidnoi roboty 5DB-2014
(promizhnyi zvit). Nomer derzhavnoi reiestratsii:
RK 0114U002579. Kyiv : KNUBA, 275 (in
Ukrainian).

10. United States Green Building Council (USGBC),
“LEED Green Building Rating System™ 1.0”
(1999).Washington, D.C.

11. Rastogi, A., Choi, J. K., Hong, T., & Lee, M.
(2017). Impact of different LEED versions for
green building certification and energy
efficiency rating system: A Multifamily Midrise
case study. Applied Energy,  205, 732–740.
doi:10.1016/j.apenergy.2017.08.149.

12. BREEAM UK New Construction Non-Domestic
Buildings Technical Manual: Version: SD5076
Issue : 0.1(DRAFT) IssueDate:11/02/2014.

13. Prior, J., ed (1993). Building Research
Establishment Environmental Assessment
Method (BREEAM). In New Offices, Building
Research Establishment, Version 1/93. Garston,
United Kingdom.

14. DGNB. DGNB OfficialWeb Page. Available
online: https://www.dgnb-
system.de/en/system/evaluation_and_awards/

15. Miller Yu. V. (2014). Rejtingovaya ocenka
zelenogo zdaniya. AVOK, 1.
https://www.abok.ru/for_spec/articles/28/5728/5
728.pdf (in Russian).

16. Bernardi E., Carlucci S., Cornaro C.,
Bohne R. A. (2017). An Analysis of the Most
Adopted Rating Systems for Assessing the
Environmental Impact of Buildings. Susta-
nability, 9, 1226. doi.org/10.3390/su9071226

17. Fowler K. M., Rauch E. M. (2006). Sustainable
Building Rating Systems. Summary.
https://www.usgbc.org/Docs/Archive/General/D
ocs1915.pdf.

18. Reeder, Linda (2010). Guide to green building
rating systems : understanding LEED, Green
Globes, Energy Star, the National Green
Building Standard, and more. Hoboken, N. J. :
Wiley, Print. doi.org/10.1002/9781118259894

19. Rykov A. S. (2009). Sistemnyj analiz: modeli i
metody prinyatiya reshenij i poiskovoj
optimizacii [System analysis: models and meth-
ods of decision making and search optimization].
M. : Izdatel'skij Dom MISiS, 608 (in Russian).

20. Harrington E. C. (1965). The Desirability
Function. Industrial Quality Control, 494–498.

21. Kamyshnikova E. V. (2009). Formirovanie
universal'noj shkaly ocenki urovnya ehko-
nomicheskoj bezopasnosti predpriyatiya. V snik
Donec'kogo nac onal'nogo un versitetu
ekonom ki  torg vl  men  Mihajla Tugan-
Baranovs'kogo. Donec'k, 4, 76–80 (in Russian).

22. Lee P.-H., Yum B.-J. (2003). Multi-
characteristics parameter design: A desirability
function approach based on process capability
indices. International Journal of Reliability,
Quality and Safety Engineering, 10(4), 445–461,
doi.org/10.1142/S0218539303001263

_______________________________________________________________________________________

_______________________________________________________________________________________

    . 2018.  11.

ISSN 2310-0516 (Print) 67



Development of criteria assessment of 
energy-efficiency and environmental 
friendliness of construction objects 

Oleg Serheychuk, 
Serhii Kozhedub 

Summary. In terms of energy and resources 
saving and ecology the implementation of more 
efficient technologies in the practice of traditional 
design and construction has to reduce construction 
and operating costs, create a comfortable habitat, 
reduce the use of natural fuel, increase the use of 
alternative and renewable sources of energy, pre-
serve the nature and as a consequence to create a 
modern sustainable environment. 

So this requires a certain uniquely method that 
involves the development of a system of criteria 
for the conformity of construction objects with 
some standard and the appropriate assessment too. 

Assessment methods of the design efficiency 
and construction solutions for measures implemen-
tation to reduce the adverse impact of buildings on 
the environment and human health are based on the 
criteria of energy efficiency, impact on ecologic, 

comfort, resource-saving, social-sphere, etc. It 
usually developed for formation of rating as-
sessments system, which defined as the sum of 
quantitative indicators (scores) for achieving 
certain levels of compliance in priority areas 
(categories). However, the main disadvantage of 
using the inte-ral assessment approach is the 
probability of an nadequate rating due to a larger 
number of scores, having a lower significance. 

To eliminate this disadvantage, this article 
proposes a method of assessing the environmen-
tal and energy efficiency of objects construction 
(existing or projected) based on the use of the 
generalized function of desirability by Harring-
ton. At the same time, instead of a simple com-
parison, system parameters are converted to 
normalized values and then processed to obtain 
the overall system coefficient. Such a method 
provides the way to universalize the general ap-
proach, provides an independent evaluation of 
the characteristic categories, so it makes impos-
sible to overestimate the overall assessment 
through criteria of less importance. 

Keywords. assessment criteria, rating system, 
function of desirability. 
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