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Abstract. The system of integral indexes for estimation of economic 

efficiency of warm isolations of dwelling and civil buildings is resulted in 

the article. For the management by energysavings measures during 

realization of investment projects in the conditions of financial limitations 

effectively to apply economic-mathematical methods. Application of 

method of the dynamic programming at the choice of effective measures 

on the heatcover of barriering constructions of buildings allows to get the 

mixed optimum strategy of the use of the limited investments.  

1 Introduction  

Energy conservation is a pressing Problem for several decades in many countries of the 

world. A considerable share of energy consume homes and civic buildings due to the low 

heat-shielding properties of enclosing structures of buildings [9, 14, 19]. To increase the 

thermal resistance of frame structures is developed by a large number of constructive 

solutions using different materials. For the adoption of the optimal solution for the device 

additional insulation there are different methods of an estimation of economic efficiency of 

a constructive solution to the thermal insulation.  

Now in world and domestic practice is widely used in competition form of realization of 

investment projects, particularly at the design stage. In the midst of a deep crisis in the 

country's economy and, consequently, the lack of budgetary funds, a very important task is 

to make the best use of them [18]. This goal can only be achieved with the implementation 

of investment projects on a competitive basis, provided the optimum use of allocated funds. 

The solution of this problem is necessary while planning and carrying out various kinds 

of activities in implementation of investment projects in construction, including a complex 

of energy-saving activities in residential and civic buildings.  

Statement of the problem. Insulation of protecting designs of the existing housing stock, 

resistance to heat does not meet current Thermo-technical norms, resulting in greater heat 

loss, and due to the high cost and scarcity of energy resources, is a pressing problem and 

the most important economic task.  

At present, the assessment of the effectiveness of insulation for residential and civil 

buildings should be conducted on the basis of calculation of integral indicators of the 
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project additional insulation. Along with the existence of normative values of resistance of 

enclosures, designing of enclosures can be carried out, defining the optimal values of 

resistance that will yield maximum net discounted revenue (NPV) during construction and 

operation of enclosures [6, 11]. Also when addressing the challenges of reducing heat loss 

buildings and structures should take into account the whole range of energy saving 

measures: insulation not only walls, but the basement and Garret overlapping’s, replacing 

old Windows with new high thermal resistance, reduce seepage losses [13].  

The purpose of the study. To undertake energy efficiency measures will require 

substantial investments which are often limited. It is therefore very important to distribute 

available funds between fine-tuned so that the economic benefits from investment funds. 
 

2 Methods   

In the conditions of a planned economy criterion of efficiency of capital investments served 

at least listed costs [7]. To select an option use the recommended capital investment 

following formulas:  
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where Ki - capital investment in the i-th version;  

Сі - the cost price (current expenses) according to the i-th version;  

Tn - the standard payback period for additional capital investments due to savings from 

lower current costs; 

En - the normative coefficient of efficiency of capital investments. 

Economically optimal thermal resistance Rec
o of walling should be taken on the basis of 

providing the lowest cost given p, defined by the calculation for frame structures with 

different heat transfer resistance Rо:  
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where Cd - one-time costs (cost of construction and installation works), rub./m2;  

Rо - thermal resistance of enclosing structures, taken for calculation options equal to 

and close to the value of heat transfer resistance, defined by the formula in [8]. 

Evaluation of the cost-effectiveness of additional thermal protection of protecting 

designs on the above methods is carried out without taking into account the time factor 

(discounting) and saving money on heating during the operation after the period of 

recoupment.  

In the book [6] A.N. Dmitriyev technique of optimizing the level of thermal protection 

of protecting designs in which the optimality criterion provides maximum net profit from 

preserve of heat energy for EST. N fencing service with additional thermal insulation:  

C(m)NP(m)S(m)   ,                                                      (3) 

where S (m)-net profit, 

 P (m)-the cost of energy savings annually,  
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C (m)-the cost of the device is an additional layer of insulation,  

m is the coefficient of increase of level of thermal protection of protecting designs.  

However, this method does not take into account the change in the value of money over 

time.  

In connection with the operation of the market comparison methodology effective 

technology and investment options for the cost does not reflect the real economic 

indicators. Currently, the evaluation of the effectiveness of insulation for residential and 

civil buildings should be conducted on the basis of calculations of economic indicators in 

view of the time factor, i.e. discounting [3, 4]. The most common is integral indicators: 

NPV, additional capital investment yield index (ACIYI), internal rate of return (IRR), 

payback additional capital investments, which are based on the concept of discounting.  

NPV indicator, which displays the values of growth as a result of project 

implementation, because it represents the difference between the amount of cash flows that 

arise during the project implementation and provides (discounted) to their present value, 

and the sum of the discounted values of all expenses necessary for the implementation of 

the project.  
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where Rt -results on t-th step;  

Wt -costs on t-th step;  

T - the duration of the calculation period;  

r -permanent rule discount equal to the acceptable norm of income investor capital.  

For device projects an additional thermal protection of protecting designs, when 

investment is invested in the very beginning of the project, and cash (savings for heating) in 

each period are the same in magnitude, NPV formula takes the form:  
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where E - the annual savings in heating money due to the increase in thermal resistance 

of the enclosing structures;  

K - capital costs for the device of additional thermal insulation;  

T - the duration of the billing period; r is a constant discount rate equal to the rate of 

return on capital acceptable for an investor. 
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where R, Ro-thermal resistance of enclosures respectively before and after the device 

additional insulation.  

hi
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where Ck - the cost of the building envelope without taking into account the cost of the 

thermal insulation layer (the cost of performing work on the device of additional thermal 

insulation plus the cost of materials of the protective and finishing layer). 
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Dissemination of project performance evaluation method using NPV subject to directly 

define the effect of the project (its absolute value), as well as to assess the cumulative net 

income from several independent projects. However, the NPV does not display the relative 

measure of gain values as a result of the project, which also has substantial value for 

investors[7].  

Project profitability index (ID)-an indicator that displays the ratio of the sum of the 

discounted cash flows to the sum of all costs that are discounted to the initial period. 

Additional insulation for the project formula for determining ID takes the form:  
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Disadvantages of index yields the following:  

- It is not suitable for ranking on the benefits of independent projects and absolutely not 

suitable for selecting mutually exclusive projects;  

- as compared to the relative size of revenues to expenses, it should be remembered that 

this figure does not show the actual amount of the net revenue from the project. So a small 

project can be much greater than a large project ID, and, if you do not use additional 

calculations of the indicator, you can accept the NPV erroneous decision on the project.  

Internal rate of return (IRR) represents the norm discount r, where the value of the listed 

effects equals the given investment.  
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IRR, you can define a method of successive approximations. IRR displays the boundary 

value of the discount rate, above which the project becomes unprofitable.  

Payback period-the minimum time interval from the beginning of the project, beyond 

which the NPV becomes and remains non-negative. Payback period, we recommend that 

you define using the discounting.  
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Payback period acts as the decisive factor, if  

1. leadership is concerned about the decision of the liquidity problems, rather than the 

profitability of the project is the main thing that investment paid off, as soon as possible;  

2. investments involve a high degree of risk (the shorter the payback period, the less 

risky the project). 

3 Results and Discussion 

Because the correlation between economic and thermotechnical characteristics of frame 

structures are not linear, then for the task we will use the method of dynamic programming 

[1, 2].  

Dynamic programming is a special optimization method adapted to the so-called "multi-

step" operations.[8] Having a limited number of investments to interventions to reduce heat 
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loss in buildings m1, m2, ..., mn, you want to determine the level of funding for each of 

them. The optimization criterion in this case can serve NPV, which takes into account both 

the costs of energy-saving measures and results of their implementation. Each of the 

activities mі when attaching to it a part of investment x brings NPV eventually. For each 

activity set features NPVі=ji(x) (i= 1, 2, ..., n). these functions should be not decreasing .  

For illustrative purposes, consider the following example of a numerical example. It is 

necessary to carry out a set of measures to reduce heat loss by having a limited number of 

investments in the course of thermorenovation the following activities are envisaged:  

- thermal insulation of external walls from the outside;  

- thermal insulation of basement slab;  

- Attic floor insulation;  

- replacing old windows with new ones.  

To solve the task, you must specify the dependency feature of NPV investments for 

each of the activities on termorenovation [3, 5].  

Selecting the way of the device additional insulation (inner or outer), as well as 

insulating material, find the dependencies for each of NPV named events from investment 

to thermorenovation.  

Having optimization, we obtain the final allocation of investment in thermorenovation.  

Thus, the solution get mixed optimal strategy for use of limited investment.  

It should be noted that the distribution of in the received NPV 2.1 times more than if all 

the funds spent on insulation of exterior walls, at 1.9 times more than if all the funds spent 

on replacement Windows, and in 1.2 anymore-if all funds spent equally on thermal 

insulation of walls and replacing Windows. 

4 Conclusion   

In the prevailing economic conditions, the main indicators of economic efficiency of 

projects, including projects on introduction of energy saving measures are indicators based 

on discounting.  

Using the method of dynamic programming, you can solve an important task 

optimization for thermorenovation buildings and structures-most efficiently distribute the 

limited investment in each one and determine to what extent these energy-saving measures 

will be carried out with the aim of obtaining the maximum value of the NPV 
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