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Traditionally,  the  real estate  asset  assessment  is performed  by experienced  valuators,  who  take  into
account  its  economic,  social,  physical  and  locational  aspects.  Nowadays,  the construction  industry  is
becoming  more  and  more  influenced  by the sustainability  requirements.  Therefore,  the  inclusion  of  the
sustainability  evaluation  into  real  estate  asset  valuation  is of  utmost  importance.  The  Neutrosophic  Multi-
Attribute  Market  Value  Assessment  (MAMVA)  method  developed  by  the  authors  of  this  article  handles
market  value  calculations  by  solving  multiple  criteria  assessment  problems,  and  the  initial  information
eal estate
arket value assessment
CDM
eutrosophic set
AMVA  method

vagueness  is  modelled  explicitly.  The  supplementary  novelty  of the  present  paper  is the  inclusion  of  the
sustainability  aspects  into  the  real  estate  market  valuation.  The  sustainable  market  valuation  of Croydon
University  Hospital  (Emergency  Department)  is  performed  as  the  case  study  to present  numerical  capa-
bilities  of the  proposed  approach.  Our  research  findings  suggest  that  neutrosophic  MAMVA  is  a  rational
approach  for  calculations  of  property  market  valuation  and  might  be suitable  for  application  worldwide.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction

Real estate valuation is one of the most significant problems for
he various socio-economic stakeholders. Traditionally, this prob-
em is considered as the evaluations performed by the skilled
xperts, which decisions are governed by their rich experience.
owadays the researchers put a lot of the efforts to reconstruct

his valuation process into a more objective and mathematically
tricter approach. Various valuation aspects are considered in Refs.
1–4]. Individual scientists and practitioners throughout the world
mploy cost for calculating market values in real estate [5,6].

ome of them use sales comparisons [7–11]. Still, others take the
pproaches of income [6]. But only a few multiple criteria decision
aking [12–14] methods are used for that purpose. The classical
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valuation approaches do not take into account the consideration the
weights of the criteria and cannot produce a single optimal market
value because valuations are opinions and differ with the valuator.
On the other hand, it is necessary to include the real estate asset’s
predicted performance and the rated sustainability aspects. Origi-
nally, market valuation approach, namely MAMVA  (Multi-Attribute
Market Value Assessment) was  developed to estimate market val-
ues of the building life cycle project alternatives and renovation
projects [13] and applied later [14]. This method is based on market
value calculations by solving multiple criteria assessment problems
with prior assessment of property expert’s preferences used and
the weights and values of assessment criteria taken into account.
This approach was  designed to deal with crisp information; there-
fore this method cannot consider the vagueness of the valuator
opinions.

We recommend the novel augmentation form of MAMVA
method, specifically MAMVA-SVNS. This approach is composed

under neutrosophic set environment, and vagueness of the ini-
tial information is modelled in the explicit form. The inclusion
of the performance and sustainability aspects of the valuated real

dx.doi.org/10.1016/j.asoc.2017.03.040
http://www.sciencedirect.com/science/journal/15684946
www.elsevier.com/locate/asoc
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asoc.2017.03.040&domain=pdf
mailto:edmundas.zavadskas@vgtu.lt
mailto:romualdas.bausys@vgtu.lt
mailto:arturas.kaklauskas@vgtu.lt
mailto:ieva.ubarte@vgtu.lt
mailto:agne.kuzminske@vgtu.lt
mailto:neringa.gudiene@vgtu.lt
dx.doi.org/10.1016/j.asoc.2017.03.040


 Soft C

e
r
o
r
w
M
a

m
a
p
t

e
S
v
i
n
k
D
B
c

2

n
s
c
w
u
e
i
s
m
T
m
(

v
i
c
k
p
a
v
p
a
m
f
p
b

s
r
s
t
v
a
a
e

m
[
[

E.K. Zavadskas et al. / Applied

state asset is founded on Building Research Establishment Envi-
onmental Assessment Method (BREEAM). This approach is one
f the most commonly used performances rating systems for the
eal estate assets. Aggregating the neutrosophic MAMVA  method
ith Building Research Establishment Environmental Assessment
ethod (BREEAM) approach enables us to perform the real estate

sset valuation incorporating the sustainability aspects.
The purpose of this paper is to propose the new extension

arket valuation method MAMVA, which can incorporate the
ssessment of multi-criteria building performance system and can
rocess vague initial information under environment of the neu-
rosophic sets.

This paper has the following organization: In Section 2 the lit-
rature review dedicated to the considered problem is produced,
ection 3 the general procedure of the real estate asset market
aluation applying the proposed neutrosophic MAMVA  method
s presented, Section 4 further describes specific aspects of the
eutrosophic market valuation method, in Section 5 the mar-
et valuation results of Croydon University Hospital (Emergency
epartment) are presented, in Section 6 comparison of calculated
REEAM and MAMVA  scores are shown and at last in Section 7 we
onclude the results.

. Literature review

The researchers have been proposed a lot of the different tech-
iques for the modelling of the real estate asset valuation and the
olution procedures. Kettania and Oral [15] applied the analogi-
al regression model for a market value appraisal. The paper dealt
ith the estimation of the market value of the real estate asset
nder consideration using sale comparison approach. Cupal [16]
xplained the factors influencing the market price (market value)
n the area of the real estate market, property valuation including
tatistical models. Many important market factors may  cause the
arket value of property to deviate from its real value significantly.

he author applied different statistical approaches: ANOVA, Fried-
an  test (Friedman ANOVA) and Distance-Weighted Least Squares

DWLS).
Zujo et al. [5] proposed a simple and easily adaptable market

alue estimation model based on the cost approach method, which
s the method most frequently applied in three ex-Yugoslavian
ountries. This model offers the possibility of real estate mar-
et value estimation in a short time after determining the input
arameters. The data parameters are the cost of the immedi-
te structure construction (the so-called structure construction
alue), land value, supply a connection value, the value of the
lot surrounding the structure (if any), the value of the design
nd supervision service, the value of various fees (land use per-
it, building permit and other various fees) and estimated market

actor. Moreover, the age of the structure is also one of the input
arameters as well as the expected service life of the structure
ased on the type of depreciation value calculated.

Das [17] performed research concerning the empirical analy-
es of US hotels and made the conclusion that hotel capitalization
ate is a composite aggregation of macroeconomic and asset class
pecific attributes in addition to the cost of capital, capital struc-
ure and growth rate. Ben-Shahara et al. [18] applied the Shapley
alue approach for determining the cost of the real estate assets
s a function of the stories of a building. Ahn et al. [19] proposed

 new extension of the ridge regression approach to solving real
state appraisal forecasting problem.
The sales comparison approach was employed for determining
arket values by Popescu et al. [7] for blocks of flats, Romenesco

8] for vacant lands and historic farm buildings, Gill and Richmond
9] for apartment buildings, Breazu et al. [10] for land plots located
omputing 57 (2017) 74–87 75

within a built-up area and Hawran and Malm [11] for Subject Parcel
lands. Popescu et al. [7] evaluated blocks of flats. The criteria ana-
lysed to determine market value at the time of evaluation were used
surface, property rights, financial conditions, market conditions,
age, floor/height conditions, location and improvements like spe-
cial sandstone+ tile, special front door, wood floor (natural wood)
and the wasted/saved energy of a building. Gill and Richmond [8]
submits an evaluation report of an apartment building. The criteria
under analysis for determining the market value of an object were
location, the total number of units, year built/renovated, condi-
tion/street appeal, HVAC, parking, unit amenities, project amenities
and property type. Breazu et al. [10] presents an evaluation report
for a plot of land located within a built-up area. The following com-
parison criteria were considered to determine the market value of
an object by using the direct comparison method: transaction/offer,
surface of the land, location, infrastructure (utilities systems, access
road), shape and size (possibility to parcel out a future residential
development), strengths (vecinatate forest/lake/DN vicinity, future
projects, etc.), possible restrictions (network electricity, main gas
pipeline, public roads (existing or under planning) and such) and
building restrictions established by the regulations for urbanism
(cumulative coefficients).

The estimated market value is highly related to exposure, time,
promotional efforts, terms, motivation and conditions pertinent to
the offering. The value estimate considers the productivity and rel-
ative physical and economic attractiveness of the property in the
marketplace. An appraisal involving an estimate of market value
is a reflection of its benefits and an appraiser’s interpretation of
income, yields and other factors derived from general and specific,
client-based market information. Such estimates are thus subject
to change since the market and value are naturally dynamic [9]. The
market value of the real estate determined may  change along with
changes in the supply-demand related to the local market [8].

Murphy [6] employed cost, sales comparison and income
approaches for performing the determination of the market value
of a multi-tenant office building. The procedures used to estimate
the property value resulted in generally similar value conclusions,
exhibiting less than 15% variance. Most of the attention was on the
income approach. The remaining, concluding value estimates were
analogous to that determined in the income approach.

Hajnal [20] proposed to solve the real estate appraisal problem
by aggregating the income-based calculation and the non-
traditional methodologies. He stated that this approach could
provide a reassuring result of the market value of an unfinished
investment.

İslamoğlu et al. [21] performed financial analysis of REITs for
the period 2011–2014 within the financial market in Turkey was
measured using Entropy-based TOPSIS. Uysal and Tosun [22] imple-
mented TODIM method to select the best residential alternative
based on both objective and subjective factors. In this study, objec-
tive and subjective factors were used. This method requires the
values of the evaluation, of the alternatives with the criteria, to be
numerical and to be normalised; consequently, the qualitative cri-
teria evaluated on a verbal scale are transformed into a cardinal
scale.

Moshkovich et al. [12] also implemented TODIM approach for
evaluation of real estate properties based on the framework for
multicriteria decision-making. The performance of this process
requires three phases using the TODIM, a multicriteria method. The
proposal for market value estimation is an “adjusted value” itera-
tive procedure. The final property price ensures that the overall
quality of the alternative does not differ from comparable proper-

ties on the market by more than the stated threshold. Volta Redonda
City of Brazil illustrates an application of this process. A compari-
son of the results is by the “proportional approach.” The “adjusted
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alue” approach showed a significant improvement compared to
he “proportional” adjustment of market values.

The rental evaluation of a property is a task of primary impor-
ance for those who work in the Brazilian market for real estate
23]. Quantitative and qualitative criteria employing various simple

ethods serve as the basis for such an evaluation. The Comparative
ethod involves checking similar properties at locations close to

he property in question and, based on comparisons with the data
btained, establishing the value of the rent. The real estate market
ractices this method the most; it frequently presents a value clos-
st to the market value. The Income Method defines the value of the
ent as a percentage of the sales value of the property. It is simple
o apply, but depending on the supply and demand in the region in
uestion; it may  not generate competitive and practicable values

n the market.
Decision makers usually solving the complex real-life practi-

al problems have to face the problem of taking into account the
agueness of the initial information. Despite the fact that nowadays
CDM problems are solved applying various approaches, which

re constructed implementing different fuzzy sets [24], they cannot
onsider all types of the information vagueness that appear in the
ealing with the real decision making problems. Recently, Smaran-
ache [25] developed a theory of the neutrosophic sets. This theory
rovides additional functionality to take into account “knowledge
f neural thought”, and this supplementary constituent brings
he new possibilities to model uncertain phenomena of informa-
ion. Modelling MCDM problems under the intuitionistic fuzzy set
nvironment, the degree of the uncertainty cannot be described
s independent variable, in fact, it is a function of the degree
f membership and the degree of non-membership. Following
eutrosophic logic, the estimate of the uncertainty degree is inde-
endent function and can be considered separately from the truth
nd falsity degrees. The researchers have been proposed the new
xtensions that are dedicated to performing under neutrosophic
et environment [25–32].

. Market valuation by MAMVA  method

Valuation of the real estate assets is one of the most impor-
ant operations in the real estate management process. Originally,
he MAMVA  can operate with crisp initial information, which is
ot the case of the modern information management techniques.
odern information management approaches allow considering

arious aspects of the initial information, including indeterminacy.
For the real estate asset valuation, classical sales comparison

pproach is employed. The conventional valuation approaches do
ot take into account the consideration the weights of the criteria
nd cannot produce a single optimal market value because val-
ations are opinions and differ with the valuator. On the other
and, it is necessary to include the real estate asset’s predicted
erformance and the rated sustainability aspects. Initially, market
aluation approach, namely MAMVA  was developed to estimate
arket values of the building life cycle project alternatives and ren-

vation projects [13] and used later [14]. This method is based on
arket value calculations by solving multiple criteria assessment

roblems with previous assessment of property expert’s prefer-
nces applied and the weights and values of assessment criteria
aken into account. This approach was designed to deal with crisp
nformation; therefore this method cannot consider the vagueness
f the valuator opinions.

Nowadays the sustainability criteria of the real estate assets

lay more and more significant role in the different evaluation
rocesses. Consequently, it is necessary to include into valuation
rocess the real estate asset’s predicted performance and the rated
ustainability aspects.
Computing 57 (2017) 74–87

In the present paper, we propose the new broadening ver-
sion of MAMVA  method, specifically MAMVA-SVNS. This approach
is composed under neutrosophic set environment, and vague-
ness of the initial information is modelled applying independent
separate function of the indeterminacy. The inclusion of the per-
formance and sustainability aspects of the valuated real estate
asset is founded on Building Research Establishment Environmen-
tal Assessment Method (BREEAM). This approach is one of the most
commonly used performances rating systems for the real estate
assets. Aggregating the neutrosophic MAMVA  method with Build-
ing Research Establishment Environmental Assessment Method
(BREEAM) approach enables us to perform the real estate asset
valuation incorporating the sustainability aspects.

A schematic description of the proposed neutrosophic MAMVA
method follows.

First, the comparison set for market valuation of real estate asset
is constructed. The real estate asset, which valuation is performed,
usually takes the first place in the set. The real estate assets, which
are used for the comparison, start from the second position in
the set. Later, the decision making matrix is constructed, which
involves evaluations of all valuation and performance parame-
ters. The performance of assessment involves the use of various
criteria based on BREEAM approach to get a comprehensive evalu-
ation of real estate assets. This evaluation includes assessments of
alternatives by the criteria considering the price, the management
issues, health and wellbeing, energy, transport, water, materials,
waste, land use and ecology, pollution and innovation aspects. The
assessments of alternatives implicate determinations of principles
regarding price significance as much as of cohesiveness.

The order of priority and utility degree for the real estate assets
under investigation is calculated under the neutrosophic environ-
ment. The market value of property to be valuated is determined.
If the accuracy to be achieved in computing the market value is not
satisfied this means that the value of a property being valuated had
not been calculated accurately enough and the approximation cycle
should be repeated. In this case, the corrected value of a property
being valuated is substituted into a grouped decision making matrix
of property multiple criteria analysis, and the calculations should
be repeated until the accuracy to be achieved. Solving the prob-
lem of determining the market value of a property being valuated,
which would make it equally competitive on the market compared
with the property already sold, the neutrosophic MAMVA method
of defining the market value of property was suggested.

Application of this method empowers the achievement of the
desired characteristics of the market valuation, such as the reli-
able alternative evaluation, correct system of the criteria, relevant
criteria weights and so on. A detailed outline of the proposed neu-
trosophic MAMVA  method is presented in Fig. 1.

4. Single valued neutrosophic MAMVA  method

The MAMVA  method, which was developed to establish
the market valuation of building life cycle project alternatives,
originally was  published in [13]. Nowadays the various fuzzy
approaches are becoming very popular due to they provide the
possibility for the decision makers construct MCDM models, in
which the vagueness of the initial information processed taking
into account various aspects. Recently proposed neutrosophic sets
are an abstraction of the “fuzzy” and “intuitionistic fuzzy” sets [25].
The essence of the neutrosophic sets relies on the fact that each

characteristic is modelled by three variables: the degree of the truth
(T), a degree of the indeterminacy (I) and a degree of the falsity (F).

In this section, extended MAMVA  method under single-valued
neutrosophic set environment is presented.
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Table 1
Conversion of the normalised terms to the single valued neutrosophic numbers.

Normalized terms SVNNs

1.0 (1.00, 0.00, 0.00)
0.9  (0.90, 0.10, 0.10)
0.8 (0.80, 0.15, 0.20)
0.7 (0.70, 0.25, 0.30)
0.6 (0.60, 0.35, 0.40)
0.5 (0.50, 0.50, 0.50)
0.4 (0.40, 0.65, 0.60)
0.3 (0.30, 0.75, 0.70)
0.2 (0.20, 0.85, 0.80)
0.1 (0.10, 0.90, 0.90)
Fig. 1. Block-diagram of real estate market value estimation.

The following steps can describe the performance of the market
alue assessment applying MAMVA-SVNS.

Step 1. The weighted decision making matrix, which represents
he evaluations of the alternatives, is constructed. Denoting the ele-

ents of the matrix by dij , i = 1,2,. . .,m; j = 1,2,. . .,n the evaluation of
he jth alternative by the ith criterion, then all evaluations construct
he decision matrix. The first alternative corresponds to valuated
eal estate asset. The other alternatives are constructed from the
omparison set of the real estate assets.

Step 2. For the decision-making matrix X̄  normalisation the lin-
ar sum approach is applied. Therefore, the elements of the matrix
re determined as

¯
ij = dij∑m

i=1dij

; i = 1, 2, . . .,  m;  j = 1, 2, . . .,  n. (1)

Step 3. The neutrosophic conversion into the single valued neu-
rosophic variables is performed. A single valued neutrosophic set
SVNS) Ñ ⊂ X usually has the following form

˜
 = {〈x, TÑ(x), IÑ(x), FÑ(x)〉 : x ∈ X} (2)

here TÑ(x) : X → [0,  1],  IÑ(x) : X → [0,  1] and FÑ(x) : X → [0,  1]
ith 0 ≤ TÑ(x) + IÑ(x) + FÑ(x) ≤ 3 for all x ∈ X . The variables

Ñ(x), IÑ(x) and FÑ(x) are applied to model truth-membership
egree, the indeterminacy-membership degree and the falsity-
embership degree of x to Ñ,  respectively. For the case when X

onsists of the single element, Ñ is called a single valued neu-
rosophic number [33]. A single valued neutrosophic number can
e denoted by ÑA = (tA, iA, fA) where tA, iA, fA ∈ [0, 1] and 0 ≤ tA +
A + fA ≤ 3. In the neutrosophication step, we apply relationships
etween normalised terms and the single valued neutrosophic
umbers. The set of normalised terms used to rate the importance
f the alternatives for the decision makers is presented in Table 1.
0.0 (0.00, 1.00, 1.00)
1.0  (1.00, 0.00, 0.00)

The single-valued decision matrix is obtained in the following
form

X̃ =

⎡
⎢⎢⎢⎢⎣

x̃11 x̃12 . . . x̃1n

x̃21 x̃22 . . . x̃1n

...
...

. . .
...

x̃m1 x̃m2 . . . x̃mn

⎤
⎥⎥⎥⎥⎦

(3)

where any particular element has the form x̃ij = (t̃ij, ĩij, f̃ij).
Step 4. Determine the weighted decision matrix. A single ele-

ment of the weighted decision matrix calculated applying the
following equation

x̃wij = (1 − (1 − t̃ij)
w

, (ĩij)
w

, (f̃ij)
w

), w > 0 (4)

where w represent the weights of the criteria.
Step 5. Perform summation of the values of the criteria for the

benefit. Let L+ =
{

1, 2, . . .,  Lmax

}
be a set of the criteria, which are

maximised. Further, the index of the benefit for each alternative is
determined

P+j =
Lmax∑
i=1

x̃+
wij

(5)

where this summation of the single value neutrosophic numbers is
performed applying the equation

x̃wl ⊕ x̃w2 = (tw1 + tw2 − tw1tw2, iw1iw2, fw1fw2) (6)

Step 6. Perform summation of the values of the criteria for cost.
Let L− =

{
1, 2, . . .,  Lmin

}
be a set of the criteria, which are min-

imised. Then the index of the cost of each alternative is calculated

P−j =
Lmin∑
i=1

x̃−
wij

(7)

Step 7. Determine the minimal value of the P−j .
Step 8. Determine the score measure of the each alternative Qj . In

the beginning, the score values are determined for the aggregated
values for maximised and minimised criteria S

(
P+j

)
and S

(
P−j

)
applying the following expression

S(x̃i) = 3 + ti − 2ii − fi
4

(8)

The final score measures of the alternatives can be determined
as
Qj = S(P−min) +
(S(P−min)

∑Lmin
j=1 S(P−j))

(S(P−min)
∑Lmin

j=1
S(P−min)

S(P−j)
)

(9)
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Step 9. Determine optimality measure K for the alternatives:

 = max
j

Qj; i = 1, 2, . . .,  m (10)

Construct the priority queue of the alternatives. The greater
core value Qj of the alternative corresponds to the highest priority
rank) of the alternative.

Step 10. Formula (11) is used for calculating utility degree Nj:

j =
(

Qj : Qmax

)
× 100% (11)

Step 11. Determine the effectiveness degree Eji.
In fact, the effectiveness degree Eji expresses the profitableness

f the investment into the asset ai comparing to ai investment into
he asset ai. Eji is calculated comparing the utility degrees of the
orresponding assets:

ji = Nj − Ni (12)

The obtained results are represented in the form of a matrix,
here the disparities of the asset utilities are clearly distinguished

see Table 5).
Step 12. For each asset an average deviation kj is calculated

pplying comparison with remaining (n − 1) assets:

j =
n∑

i=2

Eji : (n − 1) (13)

Step 13. The initialization of the real estate asset valuation at the
egular approximation cycle is performed as follows:

11 =
n∑

j=1

x1j : n (14)

The performed adjustments of the real estate asset market value
re oriented to keep it close average estimation and accordingly to
ave a monotonic process of the approximation cycles (see Table 6).

The market value is calculated.
The adjusted real estate asset market value d11−p is determined

s follows:

11−p = d11 × (1 + k1 : 100)

r

11 =
n∑

j=1

x1j : n (15)

The process of the approximation cycles is stopped if the
djusted value d11−p of asset ai under valuation is determined with
ufficient accuracy:

k1| < s (16)

here s corresponds to the predefined level of accuracy of the cal-
ulation of the market value. This threshold profoundly influences
he number of the approximation cycles.

When the inequality (16) is satisfied, then the market value of
he asset under consideration is fixed as follows:

11−R = d11−p (17)

If the inequality (16) is not satisfied, then the real estate assets
arket value is still not adjusted to a sufficient level of accuracy,

nd the approximation process must be prolonged.
The obtained real estate asset market value d11−R is equally com-
etitive with respect to the assets that belong to the comparison
et. The neutrosophic MAMVA  method is further applied to perform
he market valuation of Croydon University Hospital (Emergency
epartment).
Computing 57 (2017) 74–87

5. Case study. Hospital buildings valuation by the
neutrosophic MAMVA  approach

5.1. Croydon university hospital (Emergency Department)
market valuation. Initial data

A specific example to demonstrate the neutrosophic Multi-
Attribute Market Value Assessment (MAMVA) is applied. The
market valuation is performed at Croydon University Hospital
(Emergency Department). The evaluation information of this real
estate asset constructs the first alternative. Three hospital build-
ings a2–a4 form the comparison set for this case study. All the data
come from BREEAM pre-assessment reports and other sources per-
tinent to Croydon University Hospital (Emergency Department) a1
[34], Royal Shrewsbury Hospital (Future Configuration of Hospi-
tal Services) a2 [35], Hampshire Critical Treatment Hospital a3 [36]
and Papworth Hospital a4 [37]. Table 2 consists of criteria (BREEAM
Sections and costs), their values (BREEAM Section scores and prices
per square meter) and weights. The sum of the weights of all the
BREEAM criteria (BREEAM Sections) is equal to 1.1. There is a com-
parison of the Costs criterion weight to the sum of the weights of
all the other criteria (BREEAM Sections).

The evaluation results of these buildings are presented in
Table 2.

The Emergency Department (ED) and Urgent Care Centre (UCC)
of Croydon University Hospital will move from their current loca-
tion on Mayday Road to the other side of the hospital. The hospital’s
doctors and nurses designed Croydon’s new Emergency Depart-
ment specifically to be more open-planned. This fact will offer the
clinical staff a better view of their patients for improving safety and
care. Croydon’s new ED will be built a third larger by the highest
standards using the best examples from other Emergency Depart-
ments across the country [38].

The BREEAM 2011 New Construction Preliminary Assessment
Report presents the preliminary BREEAM assessment of the newly
built Maternity and Pediatrics development at Royal Shrewsbury
Hospital (Future Configuration of Hospital Services), which is to
be constructed on the existing hospital site. The project is for the
construction of a newly built, two-story infill block between two
of the current nucleus templates to house Maternity and Pediatrics
functions [39].

Hampshire Critical Treatment Hospital’s (CTH) key elements
include an Emergency Assessment Unit, Critical Care, Theatres,
Maternity facilities and a midwifery led delivery unit. The vision
is to develop a new and innovative model of emergency care.
As such, the organization of the CTH is a “compact unit” [40]: it
allows improved and streamlined patient pathways through effi-
cient “streaming” of patients through the emergency and diagnostic
departments to ensure fast and appropriate care; enhances the
physical connections between staff and clinicians and between the
central clinical and support departments to increase communica-
tion and increases efficiency and improves clinical pathways for
the benefit of patients and staff by blurring traditional departmen-
tal boundaries. The available BREEAM scores and ratings for the
project are 59.39% Very Good [36].

Papworth Hospital has been at the forefront of heart and lung
medicine ever since it transformed from a Tuberculosis (TB) sanato-
rium in the 1950s. The state-of-the-art, new Papworth Hospital will
offer cutting-edge facilities in a building on the Cambridge Biomed-
ical Campus. The funds for this £165 million project are from private
finance and public sector funding. Moreover, a Heart and Lung
Research Institute, a joint venture between Papworth Hospital and

the University of Cambridge, will be built on the campus adjacent
to the new hospital [41].
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Table  2
Initial data for calculations by the MAMVA  method with the additional criterion Costs.

Criteria describing the
hospital buildings
(BREEAM Sections and
costs)

* Mea-suring
units

Weight Compared hospital buildings (Section scores and costs)

Croydon University
Hospital – Emergency
Department (a1)

Royal Shrewsbury
Hospital – Future
Configuration of
Hospital Services (a2)

Hampshire Critical
Treatment Hospital
(a3)

Papworth
Hospital (a4)

Costs – £/m2 1.1 7208.28 4785.59 4705.87 3500
Management + % 0.12 8.18 10.5 9.82 8.7
Health and wellbeing + % 0.15 10.31 6.67 10 10.9
Energy + % 0.19 10.64 5.12 7.6 9.9
Transport + % 0.08 6.4 4.57 1.6 1.6
Water + % 0.06 4.67 2.67 3.33 4
Materials + % 0.125 8.65 10.83 8.65 9.6
Waste + % 0.075 7.5 5.36 5 5
Land  use and ecology + % 0.1 8 7 7 5
Pollution + % 0.1 6.92 5.83 5.38 6.9

T r (less

5
m

c
s
A
e
e
T
i

l
Q
t
t
0

N

N

N

N

p
s
i
S
w
c

E

E

E

E

E

1|
Innovation + % 0.1 2 
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.2. Croydon university hospital (Emergency Department)
arket valuation. Problem solution

By the neutrosophic MAMVA  Method, the system’s multiple
riteria model is applied to calculate the utility degree of the con-
idered real estate asset and the members from comparison set.
djusting the price at which the asset under consideration would be
qually competitive in the market by taking into account all criteria
valuations of the other assets, the market valuation is performed.
he initial decision making matrix after the neutrosophication step
s presented in Table 3 (step 1–4).

Step 5–9. Optimality criterion K for the alternatives was calcu-
ated for the alternatives under analysis. Priority of the alternatives
j were established based on the optimality criterion K . The greater

he Qj , the higher is the efficiency (priority) of the hospital alterna-
ives (Table 4): Q4 
 Q2 
 Q3 
 Q1 (see Table 4:0.5592 > 0.521 >
.521 > 0.4674 > 0.4515).

Step 10–11. Utility degree Nj calculation by Formula (11):

1 = (0.4515 : 0.5592) × 100% = 80.74%

2 = (0.521 : 0.5592) × 100% = 93.16%

1 = (0.4674 : 0.5592) × 100% = 83.59%

1 = (0.5592 : 0.5592) × 100% = 100%

The results of a multiple criteria evaluation of sustainable hos-
itals under analysis versions are presented in Table 4. Table 4
hows that the fourth alternative (Papworth Hospital) is the best
n the utility degree equalling 100%. The second version (Royal
hrewsbury Hospital – Future Configuration of Hospital Services)
as second according to priority, and its Formula (12) is used for

alculating the efficiency degree Eji:

12 = N1 − N2 = 80.74% − 93.16% = −12.42

13 = N1 − N3 = 80.74% − 83.59% = −2.85

14 = N1 − N4 = 80.74% − 100% = −19.26
21 = N2 − N1 = 93.16% − 80.74% = 12.42

23 = N2 − N3 = 93.16% − 85.59% = 7.57
4 1 0

er) significance for a user (stakeholder).

E24 = N2 − N4 = 93.16% − 100% = −6.84

E43 = N4 − N3 = 100% − 83.59% = 16.41

The received results are presented as a matrix clearly show-
ing utility degree differences of the sustainable building assets (see
Table 5).

Step 12. Formula (13) is used for calculating the average devi-
ation kj of the utility degree Nj of asset aj from the same index of
another asset (n − 1). For example:

k1 = (12.42 + 0 + 7.57 + | − 6.84| + 2.84 + | − 7.57| + 0 + | − 16.4

+19.26 + 6.84 + 16.41 + 0) : 3 = 10.68

Step 13. The market value of the sustainable hospital project
under valuation (Croydon University Hospital − Emergency
Department) is calculated according to data from Table 2, the
first criterion of which is based on the actual costs of the hospi-
tals compared (d12 = 4785.59 £/m2,d13 = 4705.87 £/m2 and d14 =
3500 £/m2) and the project under valuation (d11 = 7208.28£/m2

(see Table 6 and Fig. 2). The first-cycle corrected value d11cycle1for
the project a1 under assessment equals the costs average of the
assessed (bold font) and compared sustainable buildings see Table 6
and Fig. 2:

d11cycle1 = (7208.28 + 4785.59 + 4705.87 + 3500) : 4 = 5049.935

The market value (d11−R) of the Croydon University Hospital
(Emergency Department) under valuation must be determined.
The formulation of this task can be the following: determine what
market value d11−Rfor the Croydon University Hospital (a1) under
valuation would be equally competitive in the market when com-
pared with the sustainable buildings (a2–a4) after an elaborate
assessment of their positive and negative aspects. The investment
costs per square meter (d12–d14) of the other sustainable buildings
(a2 − a4) under comparison are known. The decision making matrix
(see Table 2), the amalgamated block diagram submitted in Fig. 2.
The results of the initial approximation cycle of these calculations
appear in Table 6 and Fig. 2.
Formula (15) is used for calculating the next corrected values
d11cyclee of the Croydon University Hospital a1 under valuation.
The second-cycle corrected value d11cycle2 for the project a1 under
assessment equals the costs average of the first-cycle corrected
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Table 3
Initial weighted decision matrix after the neutrosophication step.

Criteria Alternatives

Real estate asset under valuation First real estate asset for sales comparison

C1 min (0. 3846, 0.6682, 0.6154) (0.2573, 0.7984, 0.7427)
C2 max (0. 0294, 0.9779, 0.9706) (0. 0390, 0.9688, 0.961)
C3 max (0.0465, 0.963, 0.9535) (0.0286, 0.978, 0.9714)
C4 max (0.0706, 0.942, 0.9294) (0.0313, 0.9745, 0.9687)
C5 max (0.0469, 0.9564, 0.9531) (0.0307, 0.9749, 0.9693)
C6 max (0.0227, 0.9814, 0.9773) (0.012, 0.9909, 0.988)
C7 max (0.0320, 0.9756, 0.968) (0.0414, 0.9667, 0.9586)
C8 max (0.0294, 0.9759, 0.9706) (0.0198, 0.9848, 0.9802)
C9 max (0.0345, 0.9721, 0.9655) (0.0296, 0.9768, 0.9704)
C10 max (0.0318, 0.9746, 0.9682) (0.0262, 0.98, 0.9738)
C11 max (0.0331, 0.9735, 0.9669) (0.0812, 0.9108, 0.9188)

Criteria Alternatives

Second real estate asset for sales comparison Third real estate asset for sales comparison

C1 min (0.253, 0.8007, 0.747) (0.1889, 0.8508, 0.8111)
C2 max (0.0361, 0.9715, 0.9639) (0.0315, 0.9759, 0.9685)
C3 max (0.0449, 0.9645, 0.9551) (0.0496, 0.9601, 0.9504)
C4 max (0.0481, 0.9633, 0.9519) (0.0649, 0.9474, 0.9351)
C5 max (0.0095, 0.991, 0.9905) (0.0095, 0.991, 0.9905)
C6 max (0.0153, 0.9884, 0.9847) (0.0189, 0.985, 0.9811)
C7 max (0.032, 0.9756, 0.968) (0.036, 0.9718, 0.964)
C8 max (0.0183, 0.9862, 0.9817) (0.0183, 0.9862, 0.9817)
C9 max (0.0296, 0.9768, 0.9704) (0.0203, 0.9847, 0.9797)
C10 max  (0.0239, 0.9821, 0.9761) (0.0317, 0.9747, 0.9683)
C11 max  (0.0153, 0.9871, 0.9847) (0.0, 1.0,1.0)

Table 4
Results of the multiple criteria analysis of the alternatives at 1st iteration.

Real estate asset
under valuation

First real estate
asset for sales
comparison

Second real
estate asset for
sales comparison

Third real estate
asset for sales
comparison

The sums of weighted normalised maximising
(project ‘pluses’) indices of the alternative

(0.3197, 0.7312, 06803) (0.2935, 0.7404, 0.7065) (0.2425, 0.8057, 0.7575) (0.2492, 0.7972, 0.7508)

The  sums of weighted normalised minimising
(project ‘minuses’) indices of the alternative

(0.3846, 0.6682, 0.6154) (0.2573, 0.7964, 0.7427) (0.2530, 0.8007, 0.7470) (0.1889, 0.8508, 0.8111)

Significance of the alternative 0.4515 0.521 0.4674 0.5592
Priority  of the alternative 4 2 3 1
Utility  degree of the alternative (%) 80.74% 93.16% 83.59% 100%

Table 5
Calculation of average deviations of the buildings utility degrees at 1st iteration.

Asset considered Utility degree deviation of an asset analysed
compared to other sustainable building, %

Average deviation kj of utility degree
Nj of asset aj compared to other (n − 1)
sustainable building, %

a1 a2 a3 a4

a1 0 −12.42 −2.84 −19.26 11.51
a2 12.42 0 7.57 −6.84 8.93
a3 2.84 −7.57 0 −16.41 8.94
a4 19.26 6.84 16.41 0 14.17

Table 6
Revised changes numerically in value and market value determinations for Croydon University Hospital (a1) under valuation.

Appro-xima-tion cycle Corrected value x11−p ,
(£/m2) of a1

Variation of the utility degree of the hospitals
under assessment by rationalising the
corrected value d11−p of a1 N1N2N3N4

Inequality 15: Calculation accuracy k1f (%) of
the corrected value (d11−p) of a1

Market value
d11−R , (Euro) of a1

0 7208.28 81.2% 90.08% 84.05% 100% k11 = 29.94% >1%
1  5049.935 94.64% 90.77% 84.47% 100% k12 = 10.68% >1%
2  4510.3488 99.82% 91.05% 84.61% 100% k13 = 2.99% >1%
3  4375.4522 100% 89.96% 83.57% 98.73% 0.77% <1%

4375.4522 × (1 − 0.77: 100) = 4341.76 £/m2
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Fig. 2. Revised changes graphically in value and market value d

alue d11cycle1 (bold font) and the original compared sustainable
uildings (see Table 6 and Fig. 2):

11cycle2 = (5049.935 + 4785.59 + 4705.87 + 3500) : 4 = 4510.348

r

11cycle2 = 5049.935 × (1 − 10.68502 : 100) = 4510.348

The third-cycle corrected valuex11cycle3 for the project a1 under
ssessment equals the costs average of the second-cycle corrected
alue d11cycle2 (bold font) and the original compared sustainable
uildings (see Table 6 and Fig. 2):

11cycle3 = (4510.3488 + 4785.59 + 4705.87 + 3500) : 4 = 4375.45

r

11cycle3 = ×(4510.3488 × (1 − 2.99 : 100) = 4375.4893

Inequality (16) is used for determining, whether the corrected
alue d11cyclee of the Croydon University Hospital under valuation
a1) had been calculated accurately enough (see Table 6):

accuracy1 = (1 − 5049.935 : 7208.28) × 100% = 29.94% < s = 0.1%

accuracy2 = (1 − 4510.3488 : 5049.935) × 100% = 10.68% < s = 0.1

accuracy3 = (1 − 4375.4522 : 4510.3488) × 100% = 2.99% < s = 0.1

accuracy4 = (1 − 4341.73 : 4375.4522) × 100% = 0.77% < s = 0.1%

As illustrated, the desired accuracy in market value calculations
or Croydon University Hospital (a1) was only achieved in four steps
f approximation.

As Table 6 shows, the most beneficial hospital during the first
ycle of approximation according to its designation for use is
he Papworth Hospital (a4) (N4 = 100%). The second most bene-
cial is the Croydon University Hospital (a1) under comparison
N1 = 94.64%), and then there are the third – second hospital under
omparison (N2 = 90.77%). The calculated degrees of utility of the
ustainable buildings under comparison make it apparent that the
ctual costsd11cycle0 = 7208.28 (£/m2) for Croydon University Hos-

ital (a1) under valuation is too high. Therefore this hospital is not
qually competitive in the market as compared to the sustainable
ospital under comparison, once their sets of specific positive and
egative aspects have been assessed. Inequality 16 also affirms
inations for Croydon University Hospital (a1) under valuation.

the same fact: based on this inequality (assuming, in this spe-
cific instance, that calculation accuracy s = 1%), the determination
is that the market value of a1 has not been calculated sufficiently
accurately (see Table 5):

k12 = 10.68% > 1%

Based on the market value of the Croydon University Hospital
under valuation (a1),  which had been calculated in the amalga-
mated block diagram provided in Fig. 1, the calculations cycles are
continued until Inequality (15) has been satisfied. The results of
these three calculations cycles show a change in the corrected value
of thea1. The determination of the market value appears in Table 6.

Table 6 shows that Inequality 16 had not been satisfied over
the initial three cycles. That is the reason the value d11 = d11−p of
the project a1 under valuation, which had been revised three times
(respectively 5049.935 £/m2, 4510.3488 £/m2 and 4375.4522 £/m2),
was entered into the decision making matrix (Table 2) for the mul-
tiple criteria analysis of hospitals. All the calculations by Formulae
(1)–(15) were repeated until Inequality (16) was satisfied in the
third cycle.

Table 6 shows that, in each following approximation cycle, the
corrected value d11−p of a1 under valuation was  calculated more
and more accurately. The determination of the market value of a1
under valuation with respect to the other hospitals under com-
parison appears in the final, third approximation cycle – N13cycle =
100%

(
N10cycle = 81.2%,  N11cycle = 94.64%, N12cycle = 99.82%

)
. In

the third approximation cycle the utility degree of the second
project a2 under comparison, Royal Shrewsbury Hospital (Future
Configuration of Hospital Services), calculates at N2 = 89.96%. The
degrees of utility for the hospitals under analysis show that the
a1 under valuation in the third approximation cycle is the more
beneficial than the fourth hospital a4 under comparison by 1.27%
(100%–98.73%) and more beneficial than the second a2 hospital
under comparison by 10.04% (100%–89.86%).

Formula (17) is for calculating the market value d11−R of a1 under
valuation. Once Inequality (16) is satisfied, the market value of a1
is determined.

6. Comparison of calculated BREEAM and MAMVA  scores
To verify the reliability of calculations, the hospital scores pro-
duced by BREEAM were recalculated with MAMVA applied. The
results produced by each method were then compared.
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Table 7
BREEAM score and rating calculation for Croydon University Hospital – Emergency Department [34].

BREEAM Section Credits Achieved Credits Available % of Credits Achieved Section Weighting Section Score

Management 15 22 68.18% 0.12 8.18
Health &Wellbeing 11 16 68.75% 0.15 10.31
Energy 14 25 56.00% 0.19 10.64
Transport 8 10 80.00% 0.08 6.40
Water 7 9 77.78% 0.06 4.67
Materials 9 13 69.23% 0.125 8.65
Waste 6 6 100.00% 0.075 7.50
Land  Use & Ecology 8 10 80.00% 0.10 8.00
Pollution 9 13 69.23% 0.10 6.92
Innovation 2 10 20.00% 0.10 2.00
Final BREEAM score 73.28
BREEAM Rating Excellent

Table 8
BREEAM score and rating calculation for Royal Shrewsbury Hospital – Future Configuration of Hospital Services [35].

BREEAM Section Credits Achieved Credits Available % of Credits Achieved Section Weighting Section Score

Management 14 16 87.50% 0.12 10.50
Health &Wellbeing 8 18 44.44% 0.15 6.67
Energy 7 26 26.92% 0.19 5.12
Transport 8 14 57.14% 0.08 4.57
Water 4 9 44.44% 0.06 2.67
Materials 13 15 86.67% 0.125 10.83
Waste 5 7 71.43% 0.075 5.36
Land  Use & Ecology 7 10 70.00% 0.10 7.00
Pollution 7 12 58.33% 0.10 5.83
Innovation 4 10 40.00% 0.10 4.00
Final BREEAM score 62.54
BREEAM Rating Very Good

Table 9
BREEAM score and rating calculation for Hampshire Critical Treatment Hospital [36].

BREEAM Section Credits Achieved Credits Available % of Credits Achieved Section Weighting Section Score

Management 18 22 81.82% 0.12 9.82
Health &Wellbeing 12 18 66.67% 0.15 10.00
Energy 12 30 40.00% 0.19 7.60
Transport 2 10 20.00% 0.08 1.60
Water 5 9 55.56% 0.06 3.33
Materials 9 13 69.23% 0.125 8.65
Waste 4 6 66.67% 0.075 5.00
Land  Use & Ecology 7 10 70.00% 0.10 7.00
Pollution 7 13 53.85% 0.10 5.38
Final BREEAM score 59.39
BREEAM Rating Very Good

Table 10
BREEAM score and rating calculation for Papworth Hospital [37].

BREEAM Section Credits Achieved Credits Available % of Credits Achieved Section Weighting Section Score

Management 16 22 72.73% 0.12 8.7
Health &Wellbeing 16 22 72.73% 0.15 10.9
Energy 13 25 52.00% 0.19 9.9
Transport 2 10 20.00% 0.08 1.6
Water 6 9 66.67% 0.06 4.0
Materials 10 13 76.92% 0.125 9.6
Waste 4 6 66.67% 0.075 5.0
Land  Use & Ecology 5 10 50.00% 0.10 5.0
Pollution 9 13 69.23% 0.10 6.9
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According to Croydon University Hospital – Emergency Depart-
ent BREEAM 2011 New Construction Assessment [34], the report

redicts that the proposed building, with the current design inten-

ions, has the potential to achieve a score of 73.28% e.g. BREEAM
Excellent” rating (Table 7). In Royal Shrewsbury Hospital –
uture Configuration of Hospital Services Design and Procurement
REEAM Assessment report [35] indicates that a score of 62.54%
72.73% 0.10 0.0
61.7
Very Good

has been predicted which would allow the award of a BREEAM rat-
ing of “Very Good” (Table 8). Based on the BREEAM Tracker Report
[36], Hampshire Critical Treatment Hospital potential scores and

ratings for the project, generated at the previous stage make up
59.39% (“Very Good”) (Table 9). The results of the Papworth Hos-
pital BREEAM New Construction 2011 pre-assessment shows that
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Table  11
Decision matrix of MAMVA  method calculations for Croydon University Hospital – Emergency Department.

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * Measuring units Weight Compared alternatives

Standard: Credit Available Croydon University Hospital:
Credits Achieved

Management + Credits 0.12 22 15
Health and wellbeing + Credits 0.15 16 11
Energy + Credits 0.19 25 14
Transport + Credits 0.08 10 8
Water + Credits 0.06 9 7
Materials + Credits 0.125 13 9
Waste + Credits 0.075 6 6
Land  use and ecology + Credits 0.1 10 8
Pollution + Credits 0.1 13 9
Innovation + Credits 0.1 10 2

Table 12
Decision matrix of MAMVA  method calculations for Royal Shrewsbury Hospital – Future Configuration of Hospital Services.

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * Measuring units Weight Compared alternatives

Standard: Credit Available Royal Shrewsbury Hospital:
Credits Achieved

Management + Credits 0.12 16 14
Health and wellbeing + Credits 0.15 18 8
Energy + Credits 0.19 26 7
Transport + Credits 0.08 14 8
Water + Credits 0.06 9 4
Materials + Credits 0.125 15 13
Waste + Credits 0.075 7 5
Land  use and ecology + Credits 0.1 10 7
Pollution + Credits 0.1 12 7
Innovation + Credits 0.1 10 4

Table 13
Decision matrix of MAMVA  method calculations for Hampshire Critical Treatment Hospital.

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * Measuring units Weight Compared alternatives

Standard: Credit Available Hampshire Critical Treatment
Hospital: Credits Achieved

Management + Credits 0.12 22 18
Health and wellbeing + Credits 0.15 18 12
Energy + Credits 0.19 30 12
Transport + Credits 0.08 10 2
Water + Credits 0.06 9 5
Materials + Credits 0.125 13 9
Waste + Credits 0.075 6 4
Land  use and ecology + Credits 0.1 10 7
Pollution + Credits 0.1 13 7

Table 14
Decision matrix of MAMVA  method calculations for Papworth Hospital.

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * Measuring units Weight Compared alternatives

Standard: Credit Available Papworth Hospital: Credits Achieved

Management + Credits 0.12 22 16
Health  and wellbeing + Credits 0.15 22 16
Energy  + Credits 0.19 25 13
Transport + Credits 0.08 10 2
Water  + Credits 0.06 9 6
Materials + Credits 0.125 13 10
Waste  + Credits 0.075 6 4
Land  use and ecology + Credits 0.1 10 5

Pollution + Credits 0.1 

Innovation + Credits 0.1 
13 9
10 0
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Table 15
MAMVA  method calculation results for Croydon University Hospital – Emergency Department.

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * Measuring units Weight Compared alternatives

Standard: Credit
Available

Croydon University Hospital:
Credits Achieved

Management + Credits 0.12 0.0714 0.0486
Health and wellbeing + Credits 0.15 0.0889 0.0611
Energy + Credits 0.19 0.1218 0.0682
Transport + Credits 0.08 0.0444 0.0356
Water + Credits 0.06 0.0338 0.0262
Materials + Credits 0.125 0.0739 0.0511
Waste + Credits 0.06 0.0375 0.0375
Land  use and ecology + Credits 0.1 0.0556 0.0444
Pollution + Credits 0.1 0.0591 0.0409
Innovation + Credits 0.1 0.0833 0.0167
Sums of weighted, normalised,

maximising alternative indices
(project “pluses”)

0.6697 0.4303

Sums of weighted, normalised,
minimising alternative indices
(project “minuses”)

0.0005 0.0005

Significance of the alternative 0.6702 0.4308
Priority of the alternative 1 2
Utility degree of the alternative (%) 100% 64.28%

Table 16
MAMVA  method calculation results for Royal Shrewsbury Hospital – Future Configuration of Hospital Services.

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * Measuring units Weight Compared alternatives

Standard: Credit
Available

Royal Shrewsbury Hospital:
Credits Achieved

Management + Credits 0.12 0.064 0.056
Health and wellbeing + Credits 0.15 0.1038 0.0462
Energy + Credits 0.19 0.1497 0.0403
Transport + Credits 0.08 0.0509 0.0291
Water + Credits 0.06 0.0415 0.0185
Materials + Credits 0.125 0.067 0.058
Waste + Credits 0.06 0.0438 0.0312
Land  use and ecology + Credits 0.1 0.0588 0.0412
Pollution + Credits 0.1 0.0632 0.0368
Innovation + Credits 0.1 0.0714 0.0286
Sums of weighted, normalised,

maximising alternative indices
(project “pluses”)

0.7141 0.3859

Sums of weighted, normalised,
minimising alternative indices
(project “minuses”)

0.0005 0.0005
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he scheme is currently sitting at 61.7% (“Very Good”) [37] (see
able 10).

For the MAMVA-based multiple criteria analysis, the available
nd achieved credits were compared using BREEAM’s system of
riteria and weights. A separate decision matrix was created for
ach hospital analysed. (see Table 11–14).

The input data matrices were used in MAMVA  calculations.
ables 15–18 compare the standard indicators (the credits achieved
re equal to credits available, i.e., all indicators are highest) and
he indicators of the hospitals (Croydon University Hospital, Royal
hrewsbury Hospital, Hampshire Critical Treatment Hospital, Pap-
orth Hospital) we analyse (the indicators of credits achieved in

ables 7–10). The significances (weights) of these BREEAM Sections
criteria) under comparison in Tables 7–10 (Section Weighting) and

able 11–14 (Weight) are identical. As seen, the data in Tables
–10,11–14 are identical; the difference is only by the methods
mployed (BREEAM and MAMVA).
0.7146 0.3864
1 2
100% 54.07%

Tables 7–10 present the BREEAM scores. To analyse the results,
we will look at the data for Croydon University Hospital as an
example. The sum total of Section Weighting in Table 7 is 1.1. This
means the hospital may  score 110% (Nmax = 110%) if its building
meets the maximum BREEAM credits available. In this particu-
lar case, Croydon University Hospital scored 73.28% out of 110%.
The possible maximum utility degree is 100% in MAMVA  calcula-
tions; the actual score for Croydon University Hospital was  64.28%
(Table 15). Whereas the BREEAM scale is 1.1 times that of MAMVA
(110/100 = 1.1), the score was  recalculated (64.28 × 1.1 = 70.71),
so that Nmax = 110%. Croydon University Hospital, then, scores
73.28% for BREEAM and 70.71% for MAMVA. The scores for Royal
Shrewsbury Hospital and Papworth Hospital were recalculated
likewise. Table 19 compares the BREEAM and MAMVA  scores.
The comparison of the scores produced by BREEAM and MAMVA
shows a difference of 2.57–4.89%. In view of the fact that the
BREEAM method makes no calculations of market value, the
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Table  17
MAMVA  method calculation results for Hampshire Critical Treatment Hospital.

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * Measuring units Weight Compared alternatives

Standard: Credit
Available

Hampshire Critical Treatment
Hospital: Credits Achieved

Management + Credits 0.12 0.066 0.054
Health and wellbeing + Credits 0.15 0.09 0.06
Energy + Credits 0.19 0.1357 0.0543
Transport + Credits 0.08 0.0667 0.0133
Water + Credits 0.06 0.0386 0.0214
Materials + Credits 0.125 0.0739 0.0511
Waste + Credits 0.06 0.045 0.03
Land  use and ecology + Credits 0.1 0.0588 0.0412
Pollution + Credits 0.1 0.065 0.0412
Sums  of weighted, normalized,

maximizing alternative indices
(project “pluses”)

0.6397 0.3603

Sums  of weighted, normalized,
minimising alternative indices
(project “minuses”)

0.0005 0.0005

Significance of the alternative 0.6402 0.3608
Priority of the alternative 1 2
Utility degree of the alternative (%) 100% 56.36%

Table 18
MAMVA  method calculation results for Papworth Hospital.

Quantitative and qualitative information pertinent to alternatives

Criteria describing the alternatives * Measuring units Weight Compared alternatives

Standard: Credit
Available

Papworth Hospital: Credits
Achieved

Management + Credits 0.12 0.0695 0.0505
Health and wellbeing + Credits 0.15 0.0868 0.0632
Energy + Credits 0.19 0.125 0.065
Transport + Credits 0.08 0.0667 0.0133
Water + Credits 0.06 0.036 0.024
Materials + Credits 0.125 0.0707 0.0543
Waste + Credits 0.06 0.045 0.03
Land  use and ecology + Credits 0.1 0.0667 0.0333
Pollution + Credits 0.1 0.0591 0.0409
Innovation + Credits 0.1 0.1 0
Sums  of weighted, normalized,

maximizing alternative indices
(project “pluses”)

0.7255 0.3745

Sums  of weighted, normalized,
minimising alternative indices
(project “minuses”)

0.0005 0.0005

Significance of the alternative 0.726 0.375
Priority of the alternative 1 2
Utility degree of the alternative (%) 100% 51.65%

Table 19
Calculated BREEAM and MAMVA  scores compared.

BREEAM score (maximum credits
achieved), %

MAMVA score, % (maximum
utility degree)

Difference (%) for BREEAM and
MAMVA calculations

Croydon University Hospital –
Emergency Department

73.28 (110) 70.71 (110) 2.57

Royal  Shrewsbury Hospital – Future 62.54 (110) 59.49 (110) 3.06

M
a
w
m

Configuration of Hospital Services
Hampshire Critical Treatment Hospital 59.39 (100) 

Papworth Hospital 61.7 (110) 

AMVA  method could become a new competing environmental
ssessment method for property market value calculations. Also,

ith the MAMVA  method, environmental sustainability aspects
ay  be considered in real estate market valuation.
56.36 (100) 3.03
56.81 (110) 4.89

7. Results and conclusions
Nowadays the aspects of the sustainability play more signif-
icant role in the in the real estate management, the real estate
stakeholders must consider the impact of the real estate asset
development and maintenance on the environment. Therefore, the
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nvironmental, social, cultural hopes of the modern society must
e included into the new management paradigms. Only a few
ther methods (multiple criteria decision making, or MCDM,  for
nstance), however, are used in real estate appraisal worldwide.
pproved, standardized methods generally cannot produce a sin-
le optimal market value because property price statistics (type
f property, property prices, area covered, property vintage, priced
nit, compilation method, seasonal adjustment, etc.) is not the only
lement, property expert’s preferences with the weights and val-
es of the assessment criteria should also be taken into account. The
eutrosophic Multi-Attribute Market Value Assessment (MAMVA)
ethod discussed in the article and developed by its authors can

etermine the real market value of property incorporating sustain-
bility aspects and also can take into account the vagueness aspects
f the initial information. The MAMVA  method and the sales com-
arison approach produced very similar market value for the same
roperties (a difference of up to 7%). It could become a new com-
eting method for property market value calculations stimulating
he research knowledge onward. The MAMVA  method could be

 handy tool for property sellers, brokers, buyers, and lenders on
egional, national and global levels. So far the MAMVA  method has
een applied to determine the market value of various properties
residential, commercial and retail) in Lithuania. Equivalent val-
ations are planned abroad in the future, and the results will be
ompared with those produced by the sales comparison approach
nd the income approach. The authors are going to develop the
ew extensions of MAMVA  method by taking into account the new
agueness aspects of the initial information. For this purpose, we
ill apply the other presentations of the neutrosophic sets, such as

nterval, triangular neutrosophic numbers.
The MAMVA  offers the new opportunities for the defining the

arket value of a project. Use of the MAMVA  Method for the
ultiple criteria analysis, recommended by this article, can be

or assessing sustainable buildings, the same as by the BREEAM
ethod. The MAMVA  Method for an analysis of sustainable build-

ngs can use the same initial data as the BREEAM Method uses.
rimarily, the global innovativeness of the MAMVA  method is that
t determines the market value of a real estate asset under delib-
ration. It may  be noticed that the researchers from all the world
ngaged in the analysis of BREEAM buildings did not calculate the
arket value.
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