Physical savings of energy resources and water
on retrofitted residential buildings
by Denis Dogadin, FER Specialist on technical and economic analysis
In the projects being implemented by the Non-Commercial Foundation for Enterprise Restructuring and Financial Institutions Development (FER), key attention has always been paid to monitoring their effectiveness. Thus, for example, in 1999 for «Enterprise Housing Divestiture Project» FER commissioned the Center for Energy Efficiency (CENEF) to work out the methods and procedures for monitoring various components of physical savings in energy resources and for accumulation of financial resources generated by such savings [1], while the Foundation «Institute for Urban Economics» developed the procedures for monitoring the components of financial savings [2]. After November 1999 this work has been continued, together with FER, by a group of technology advisory companies (TAG-2) led by the company «MVV Consultants and Engineers GmbH».
One of the major tasks for TAG-2 is to find the magnitude of physical savings in energy resources and water obtained as a result of retrofits done on residential buildings. The work content and uniqueness of this task are due to the fact that the magnitude of savings has to be found not by expert estimation but on the basis of the actual measurements taken on a great number of units before and after retrofitting them. The task is made even more complicated by the fact that at present there is no elaborate procedure for evaluating physical savings in the systems of heat supply to buildings involving the reduction of consumption of energy resources and water to comparable weather conditions and to identical level of comfort inside the buildings. The significance of a correct assessment of the magnitude of physical savings depends on it being one of the sources for eventual receipts that will determine the economic efficiency of the whole Project. Thus, the task of determining physical savings in energy resources and water appears to be rather complicated and requires a study of various approaches. The basic purpose of this article is to show how this task is being tackled under the Project, what initial data have already been collected, what results have been achieved and what is scheduled to be done in the long run.

General information about the measurements program

The starting point for conducting an evaluation of the physical savings is the data collected on the buildings before and after their retrofits. With that end in view, the TAG-2 program of measurements is currently being implemented, intended to broaden the program of measurements on base buildings [3-6] that has been under way for 4 years already. Additional efforts toward collection of data and carrying out measurements are necessary to acquire a great amount of statistical data that would be sufficient for an objective evaluation of the existing situation and, consequently, for obtaining valid data on energy and water savings in each city participating in the Project. Additional instrumentation - flow meters, heat meters and data loggers - has been installed on a number of buildings (the so-called "in-depth survey buildings") so as to obtain such data separately from each of the building engineering systems (heating, cold water and domestic hot water supply). In total, over 220 units of measuring equipment have been installed or upgraded on 154 buildings. Data acquisition is performed at hourly or daily intervals on these buildings. Additionally, monthly data are collected from all metering units installed on other buildings to be retrofitted in Phases "2A" and "2B" of the Project (see Table 1). 

Table 1. Number of buildings to be surveyed

City
Buildings in total 
Incl. buildings in Phase 2А*
Incl. buildings in Phase 2В**
Buildings for in-depth survey

Cherepovets
66
10
56
23

Orenburg
118
22
96
51

Petrozavodsk
47
11
36
17

Ryazan
61
10
51
27

Vladimir
62
7
55
29

Volkhov
32
12
20
7

Total
386
72
314
154

*
- retrofits completed in 1999-2000.

**
- retrofits to be completed in 2001.
Monitoring of one of the basic parameters for the thermal microclimate in apartments - air temperature - is done on the basis of the data from room temperature loggers (room loggers). They are installed on all 154 buildings selected for an in-depth survey. Each building accommodates between 7 and 15 instruments. In all, about 1600 room loggers have been installed on the buildings to be surveyed.

In its full scope, the new measuring equipment was installed before the beginning of the 2000-2001 heating season; however, on some of the buildings (over 50) we managed to collect data during the 1999-2000 heating season and in summer 2000 too. Concurrently with the data collection on buildings, work was or is under way to update them. By now, data before and after retrofits have been collected on a number of buildings in a volume that is sufficient for evaluation of the physical savings obtained.

Effects from residential buildings retrofits under EHDP

The overall effect due to retrofits under the Project intended to reduce the cost of energy resources and water may be broken down into two components: (1) savings of monetary funds due to establishing a commercial metering system, and (2) savings of monetary funds due to physical savings of resources obtained as a result of introducing new energy-saving technologies that were applied when retrofitting residential buildings.

Effect due to installation of metering devices

Installation of metering devices under the Project provides an opportunity to bring payments for energy resources and water in line with the actual consumption, which in many cities allows to avoid overexpenditure of monetary funds caused by the practice of making calculations according to design loadings and regulations.

In January 2001, the TAG-2 consultants produced a report containing the results of measurements conducted on non-retrofitted buildings in 1999 and 2000 [7]. This report cited the data on some typical distinctive features of operating the heat supply systems in each city, presented the quantitative indicators that determine the energy input to buildings before retrofits, as well as afforded an analysis of the existing level of the comfort of living in residential buildings. Based on the data in this report, given below is the ratio between the actual and the normative energy and water consumption in each city participating in the Project. This relationship describes the potential for money savings in the utility sector after the change to the recovery of the cost of energy and water resources as per readings of metering devices. The data found in Table 2 specify the information earlier obtained on the base buildings [5].

Table 2. Correlation "fact/norm" by heat and water consumption*

Resource
Cherepovets
Orenburg
Petro-zavodsk
Vladimir
Ryazan
Volkhov

SH heat
Fact/ Norm, %
118,3**
88,3
75,9**
--
85,2
89,8

DHW heat

164,7**
83,3
108,9**
--
94,0
96,8

Total heat

129,4
86,0
87,7
95,0
88,5
92,7

DHW flow (l/pers. per day)
Fact
139,4
165
109,7
117,5**
161,5
128,1


Norm
120
150
105
120
105
120


%
116
110
105
97,9**
153,8
106,7

CW flow (l/pers. per day)
Fact
160
162,3
175,5**
186**
152,1
163,5**


Norm
180
170
170
180
218
200


%
88,9
95,5
103,2**
103,3**
67,7
81,8**

Total 

water flow

(l/pers. per day)
Fact
299,4
327,3
285,2
261,3
313,6
291,6


Norm
300
320
275
300
323
320


%
99,8
102
103,7
87,1
97,1
91,1

* 
- non-retrofitted buildings only were reviewed
**
- data are presented for 2-3 base buildings

The data presented here are averaged by buildings that have been audited in each city. A comparative analysis of data collected from individual buildings has shown that each city has groups of buildings with an extremely high or, conversely, extremely low consumption of heat or water [7]. This situation may be due to improper operation of the metering units and errors occurring during data collection, an unsatisfactory condition of the building heat supply systems (hydraulic elevators that do not suit the loading, deposits in the building heating systems, etc.), and also inexactitude of the official data about the number of residents. Following an additional audit of such buildings, the obtained data were transmitted to the city and possible reasons for such deviations were supplied.

The existing level of heat and water consumption on buildings serves as a basis not only for the evaluation of potential money savings derived from establishing a commercial metering system in cities, but also for determining the physical savings achieved as a result of building retrofits. In general, the following conclusions may be drawn from the data collected as a result of metering device installation as regards the existing level of consumption of energy resources and water by residential buildings
:

· Money savings in fees for thermal energy in Project cities is between 5 and 14%. An exception is the city of Cherepovets, where the actual heat consumption exceeds the normative one by 29%. In this connection, it should be noted that by the time of writing this article we have managed to process the data from three base buildings  in Cherepovets only, therefore the information found in the tables may be uncharacteristic of the city in general, and may be adjusted later; 

· Money savings in fees for water is substantial in the cities of Vladimir (13%) and Volkhov (9%). In other cities the actual cold water flow is close to the normative one (within (3%). Attention is drawn to a very high level of hot water use for the buildings in Orenburg and Ryazan (over 160 l/pers. per day). Such a situation may be explained by the low temperature of hot water at the user's end. The reasons for the arising situation are: in Orenburg it is the absence of a district recirculating line in the DHW system, which leads to water cooling in the periods of low water drawoff; while in Ryazan it is permanent undersupply of heat by the cogeneration plant (CHP) resulting in the hot water temperature even downstream of the CHP being 10(15(С below the permissible level ;
· Money savings in fees for gas supply in Orenburg are 32(42% (the data have been derived from the results of measurements on 6 buildings), and in Ryazan - about 20% (the data have been derived from the results of measurements on 2 buildings). The magnitude of savings in fees for gas after consumers start paying for the actual consumption may be determined to a large extent by the quality of the existing heat supply system as gas consumption by residents somewhat increases in case of underheating. 

Effect of retrofits
Actual saving of energy in residential buildings is achieved at the Project stage that involves retrofitting their engineering systems and structural elements. Since major costs under the Project are related to retrofits aimed at reducing the heat use by buildings (automation of IHPs, lowering of infiltration, better thermal insulation and weather-stripping), it is anticipated that the main component of the effect from retrofits will be the heat saved. The implementation of energy-saving retrofits makes it possible to derive not only direct heat savings, which should be determined after reduction to identical weather conditions, but also attains better quality of heat and water supply services. Thus, as a result of retrofits the temperature condition in apartments is normalized, sufficient head of water in the supply system is secured, DHW temperature fluctuations are reduced, etc.

Direct heat savings

The level of direct thermal energy savings is determined by the existing situation in the district heat supply system, as well as by the condition of the space heating system in individual buildings, therefore the effect of retrofits may vary strongly not only in  different cities, but even in different buildings located in the same city district. For example, in buildings where permanent undersupply of heat is observed it is impossible to achieve a high value of direct heat savings inasmuch as energy saving technologies implemented on site will secure, in the first place, a rise of the indoor temperature in apartments. One cannot help noting that even for such buildings there exists a possibility of deriving direct physical heat savings during the so-called period of "peak lopping" on the heat supply temperature curve when higher indoor temperatures in apartments are observed in all cities. These instances of overheating are due to peculiarities of centralized control in heat supply systems. This potential for economy can be actualized through automation of the individual heat points (IHP) as stipulated by the  program of retrofits in all Project buildings. In addition, for the underheated buildings the effect of establishing  commercial metering increases. Given below is the calculation of heat savings as exemplified by three buildings in different cities using different heat supply schemes where retrofitting was carried out in the first stage of the Project.

Direct heat savings in DHW system 
When analyzing the heat use in the DHW system, the hot water temperature was taken into account along with variable nature of the loading and pronounced daily, weekly and seasonal cycles. Shown in Figs 1 and 2 is the relationship between heat use for DHW generation and the hot water temperature during the heating season. As an illustrative example, and also to demonstrate the trend in the change of heat use for DHW versus hot water temperature in a range under observation, the charts display ellipses for a predicted interval. The probability of the new values for a pair of variables (x - hot water temperature, y - heat use) falling into an area bounded by the ellipse is equal to the value of a coefficient specifying an ellipse (for the case in review this coefficient is assumed to be 95%).
In order to reduce the effect of a weekly irregularity, the data were broken down into 2 groups: workdays and days off. An analysis reveals that on the days off the use of heat and water in the DHW system is considerably higher (by about 20%). In summer, this ratio is somewhat different because of the summer cottage season and a period of mass vacations. 

Fig. 1. Heat use for DHW supply versus hot water temperature (Petrozavodsk)
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It is evident from the chart given above that typical for a non-retrofitted building are occurrences of substantial hot water overheating that are explained by the fact that prior to retrofitting an open-end heat supply system without a hot water temperature regulator was in operation in Petrozavodsk where hot water temperature in fact corresponded to the temperature of water in the supply pipeline of the heat network. As a result of the change of the heat supply system to a closed one and of the installation of a DHW heat exchanger and an automatic temperature regulator, water overheatings could be eliminated. Such changes will allow to bring down the overall level of heat use for DHW needs thereby avoiding a noticeable increase of heat use at higher water temperatures. This conclusion may be drawn from the chart for a non-retrofitted building which clearly shows the trend of the heat use growing with a rising DHW temperature over a wide range of its values. Note that this trend is characteristic not only of buildings in Petrozavodsk.
Thus, the level of heat use in the DHW system is substantially affected  by the temperature of hot water. Consequently, the highest potential for heat savings in the DHW system may be available in cities where regular hot water overheating is observed. Table 3 shows the data on the hot water temperature for various cities averaged over a heating season.

Table 3. Average hot water temperature over a heating season

City
Hot water temperature, (С

  Cherepovets
66.3

  Orenburg
50.0

  Petrozavodsk
65.7

  Ryazan
50.2

  Vladimir
61.5

  Volkhov
66.0

The values given in the table have been averaged. On account of absence of temperature regulators in the DHW systems of non-retrofitted buildings with the average hot water temperatures over a heating season being about 60(С, on some days its rise to 100(С and above is observed. It may be seen from Table 5 that hot water overheatings are typical of Cherepovets, Petrozavodsk, Volkhov and Vladimir, which points to a high potential for savings in these cities owing to maintenance of the DHW temperature at the normative level. This is confirmed by the calculations done. In the buildings of Petrozavodsk and Cherepovets, heat savings in the DHW system may be as high as 16(18% of the annual use prior to retrofitting. One of the components of these savings in Petrozavodsk is a reduction of heat emission through hot water pipelines (by 28-30% of the heat emissions level prior to retrofit). This result has been achieved owing to insulation of DHW pipelines in the building basement and a reduction of the hot water temperature.
It is interesting to note that for Orenburg, where prior to retrofitting a lower average hot water temperature was observed, a substantial effect has also been obtained. Fig. 2 displays a chart representing a relationship between the heat use in the DHW system and the hot water temperature, where one can clearly see the overall reduction of heat use as a result of retrofits on the building heat supply system. In the same way as in Fig. 1, for better visualization ellipses have been plotted for a predicted interval.

Fig. 2. Heat use for DHW versus hot water temperature (Orenburg)
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Prior to  retrofits the supply of hot water to buildings was accomplished using a dead-end scheme. The hot water temperature was regulated manually at the CHP, and therefore while there was no significant overshoot of the water temperature, the range of its temperature variations was wide enough. During retrofitting the building was upgraded to a two-pipe scheme of heat supply accompanied by the installation of a hot water heat exchanger fitted with automatic controls at the building IHP. In addition, the DHW recirculating pipeline has been restored in the building.  Fig. 3 shows a weekly profile for the water flow and temperature in the DHW system before and after retrofits. 
Fig. 3. Weekly profile of heat input to DHW (Orenburg, Konstitutcii street, 5/2)
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[image: image6.wmf]Hot water consumption after retrofits
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The chart clearly displays an overall reduction of the level of hot water consumption and a stabilization of its temperature. This effect is due, on the one hand, to rehabilitation of water recirculation and to adequate control which made it possible to reduce draining of insufficiently warm water by tenants, and, on the other hand, to installation of low-flow shower heads and faucets in kitchens and bathrooms.  The total annual heat savings in the DHW system obtained on a building is estimated at about  25% of the annual use, while water savings are at a level of 13(14%.
Direct heat savings in space heating system
Before going over to the quantitative evaluation of direct heat savings in the space heating system, it is interesting to perform an analysis of the qualitative changes in the operating conditions of the space heating system for buildings. Of great importance for the magnitude of direct savings achieved is the quality of control in distributing heat to buildings that became possible after automation of the individual heat points (IHP) in buildings. Shown further in Figs 4 - 6 are the plots of heat use versus outside temperature that reflect the quality of control over the heating load on buildings before and after retrofits. In buildings with a good control over the heating load, a linear relationship between heat use and outside temperature should be observed.

Fig. 4.  Heat use versus outside temperature (Petrozavodsk)
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Taking into account the small number of points at the end segments of the graphs (at very low and very high outside temperatures), and, therefore, the likely unreliability of the relationship found between the heat use and the outside temperature (in this case, 3rd-order polynomials) along these segments, shown in the graphs are the boundaries of the 95% confidence interval, inside which the true value of the statistics under review is found. In other words, a graphic chart that confidently (with a  95% probability) describes the relationship between the heat use and the outside temperature must lie within the limits indicated.
Prior to retrofitting, the space heating systems for the buildings in Petrozavodsk and other cities were connected to the heat supply pipelines employing a direct-heating connection type with jet mixing (through a hydraulic elevator). 

Great scatter of the points in the period before retrofitting (see Fig. 4) may be explained by the fact that heating load fully determined by the operating conditions of the district heating network was poorly matched to the outside temperature, and the temperature in apartments of a building varies over a wide range. Typical inflexions at high and low temperatures are due to the operating conditions of the district heating network in a so-called temperature curve "lopping" mode, which, accordingly, leads to overheating (at Тout>5(С) and underheating (at Тout < –15(С). During retrofitting the space heating system was changed to an indirect-heating scheme using a plate-type heat exchanger installed for space heating. The graph for the post-retrofit period displays a more pronounced linear nature of the relationship with a lesser scatter of points, which indicates that the new equipment is governing the heating load much more effectively.
In Cherepovets, the space heating system was also changed from a direct-heating to an indirect -heating scheme. 
Fig. 5. 
Heat use versus outside temperature (Cherepovets)
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It is evident from a graph presented in Fig. 5 that prior to retrofits in Cherepovets the central heating load control was better than in Petrozavodsk. After retrofits, just as in Petrozavodsk, there is direct evidence of an improvement in control. Nevertheless, for both buildings at high outside temperatures in the period after retrofits one can notice a deviation of the curve from the linear law, which suggests that some overheating remains. In this connection one may speak of the possibility of additional energy saving due to more accurate tuning of the in-house space heating controller.

Fig. 6 displays a relationship between heat use in the space heating system and the outside temperature for a building in Orenburg at 5/2 Konstitutsii street. When retrofitting, the scheme for connecting the building space heating system to the heat supply network has been changed to the direct-heating arrangement with pumped mixing. It may be seen from the graph that at temperatures below -15(С one may notice some deviation of the trend from a linear dependence, which is apparently caused by undersupply of heat from the network.

Fig. 6.  Heat use versus outside temperature (Orenburg)
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In general, it may be noted that apart from Orenburg, where heat savings are pronounced over the entire range of outside temperatures, heat use in the space heating systems of retrofitted buildings increases in relation to the "before retrofit" status with the decrease of outside temperatures and decreases with their increase . Let us note that overuse of heat in the space heating system at low temperatures is due primarily not to the fact that a building is drawing more heat from the network but to the fact that the heat saved in the DHW supply system is redistributed at the IHP level to the space heating system. Incidentally, heat savings in the DHW supply system achieved in a retrofitted building increase as the outside temperatures drop, which is due to rising supply temperatures in the district heating system. Under the circumstances, in a non-retrofitted building that has not been equipped with automatic controls the hot water temperature is practically equal to the supply temperature in the district heating system and may be as high as 80(100(С, which, as has been noted earlier, results in the overuse of heat. 

One common feature for all buildings under audit is a significant improvement in the control quality, which stabilizes the indoor temperature at a given level and consequently leads to improved comfort of living.

Effect derived from improved comfort of living

One of the most important parameters reflecting the level of comfort in rooms is the indoor air temperature. Figs 7(9 display the graphs for average daily indoor temperature changes in apartments versus the outdoor temperatures. A breakdown into different periods of the heating season is presented not only for visualization of results but also to illustrate the impact by solar radiation which is more noticeable in transitional periods. It is evident from the graphs that for the same outdoor temperatures the indoor temperature in apartments during a transitional period is slightly higher than in the middle of the heating season.

For better visualization, the graphs are marked with borderlines of comfort, and going beyond these is interpreted as «overheating» or «underheating». The concepts "overheating", "underheating" or "normal" used in this sense are rather relative. The lower threshold of comfort is assumed  to be the normative (permissible) value of the indoor temperature as per GOST 30494-96 "Residential and Public Buildings. Parameters of the microclimate in the premises". For Orenburg and Cherepovets this value is 20(С, for other cities it is 18(С. The upper border of comfort is assumed to be equal to 23(С and has been defined as a result of statistically processing of data collected on several buildings. The procedure for locating the points on the borderline of comfort is founded on identifying the indoor temperatures at which the influence by extraneous factors that are not directly related to the operation of the space heating system becomes noticeable (for example, use of supplementary heating appliances or, on the contrary, intensive airing of the rooms). 
As above, the graphs in Figs 6 - 8 display ellipses for a predicted interval (the probability of observations falling within the domain of the ellipse is 95%).
As a result of retrofits on the building in Petrozavodsk, underheating could be eliminated completely and the level of overheating could be reduced to some extent. However, as a confirmation of the conclusions drawn earlier one should note that overheatings during the transitional period remained, with the temperature in apartments staying as high as 24(25(С.

In the building at Olympiyskaya 41, in Cherepovets, in  the middle of a heating season the temperature in the apartments of a retrofitted building was  practically always within the range of comfort. However, as was the case for Petrozavodsk, during the transitional period the indoor temperature was observed to rise to 24(26(С.

Fig. 6. Changes in indoor temperature versus outside temperature (Petrozavodsk)
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Fig. 7. Changes in indoor temperature versus outside temperature (Cherepovets)
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Fig. 8. Changes in indoor temperature versus outside temperature (Orenburg)
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For the building under consideration in Orenburg, rather high indoor temperatures, exceeding 23(С both in the middle of a heating season and during transitional periods were typical prior to retrofitting. As a result of retrofitting, overheating during transitional periods could be eliminated practically in full. However, note should be taken that the temperatures in apartments in the middle of a heating season are somewhat high, which may be due to the fact that the controller tuning was done keeping in mind the wishes from residents who were accustomed to having indoor temperatures in apartments in the range of 22(23(С.

The data on indoor temperatures averaged over several buildings in each city are presented in Table 4.
Table 4. Average monthly temperatures in apartments of buildings under audit

City
October
January
April


Тout*, (С
Тapt**, (С
Тout*, (С
Тapt**, (С
Тout*, (С
Тapt**, (С

Cherepovets
6.4
24.4
-8.1
22.2
8.0
25.2

Orenburg
4.4
22.2
-7.6
22.9
6.5
24.4

Petrozavodsk
3.7
21.5
-7.2
19.6
6.1
22.2

Ryazan
3.3
19.8
-7.2
17.5
7.8
20.7

Vladimir
6.7
23.4
-7.9
19.9
10.2
26.0

Volkhov
3.4
19.2
-5.4
19.7
8.1
22.2

* 
- temperature of outside air

** 
- temperature in apartments

It may be seen from the table that in transitional periods the temperatures in apartments exceed the normative value by 2(С and more. This is practically characteristic of every city of the Project. 
Summing up as regards the changes in the comfort of living at three audited buildings, one may note the following major points:

· The level of overheating during the period of transition has been lowered (by 1 ( 2.5(С);

· Underheating has been eliminated completely. With outside temperatures below -10(С the temperature in apartments has gone up by 1.5 ( 2(С on average;

· Better distribution of temperatures has been achieved in apartments located in different parts of the building, which was possible as a result of implementing comprehensive actions on the space heating systems (flushing of risers, balancing, etc.). Prior to retrofitting, the scatter of indoor temperature values for various apartments in the building was as much as 7(С and over, while the temperature in apartments with corner rooms located on outermost floors were sometimes at intolerably low levels (11(14(С). After retrofitting, the disparity between temperatures in different apartments never exceeded 2(4(С during the heating season, with the indoor temperature meeting the normative requirements in the most ill-conditioned apartments even during the coldest months.

Quantitative assessment of heat savings in space heating system

Now some words on the approaches employed by FER and TAG-2 Consultants to perform calculations of physical savings of heat adjusted for variations in outdoor temperatures and the level of comfort. 

Method of calculation
Heat savings adjusted for weather and heating system operating conditions
As the first step, direct savings of heat are identified as a difference between the actual (measured) heat use after the retrofit and the calculated value of heat use that was typical for the old system. The calculation is done for weather conditions and district heating network operating conditions after the retrofit (basic conditions). The calculated value of heat use for a non-retrofitted building is found in accordance with the available function of the heat use which was obtained on the basis of measurements in the heat supply system taken on the building before the retrofit. With this approach, the most difficult thing is to determine the factors that would most accurately characterize both the heating system operating conditions and the amount of heat delivered into the building heating system prior to the retrofit. As a result of a comparative analysis of several alternatives one may select a method of calculation using the dependence of heat use on the temperature of water in the supply pipeline whereby account is taken not only of identical weather conditions but also, which is even more important, of identical operating conditions for the district heating network. It is worth noting that this dependence may be derived for non-retrofitted buildings only, i.e. where no control equipment at all exists in the heat supply system and any changes in the heating medium flow in the building heating system are insignificant. A test for the reliability of this method conducted for three buildings under consideration has revealed that the error in determining the amount of heat delivered into the heating system, even for the period of 2-3 months, do not exceed 2%. For the open-end heat supply systems, where changes in the water flow exist in the heating system, a special approach has been devised that is also oriented to the supply pipeline water temperature. The accuracy achieved makes it possible to carry out correct calculations of the total savings and facilitate the determination of the components for such savings under various tasks. 
A detailed description of various methods used in calculations of heat savings in the space heating system goes beyond the scope of this article. It should only be noted that the  records of efforts on developing various approaches have been presented in technical reports by TAG-2.
 The data following hereinafter were obtained using the function of heat use for heating versus the supply water temperature.
Assessment of level of temperature fluctuations in apartments

As has been noted earlier, the values found for direct savings and reduced to identical weather conditions and heat supply network operating conditions cannot be viewed separately from  the effect due to the temperature change in apartments. In the second stage of calculations, therefore, additional amount of heat is found which is required for the former heating system to bring the temperature in apartments up to the level provided by the new system (under the basic weather conditions). The calculations are founded on the results of indoor temperature measurements in apartments before and after retrofits. For all outdoor temperatures at 1(С intervals, average indoor temperatures were identified as provided by the old and new heating systems. The difference in degree-days during the base heating period after and before retrofitting in fact displays an improvement in the level of comfort in the buildings under survey. It is advisable that such calculations should only be carried out for indoor temperatures that do not exceed the upper limit of thermal comfort (23(С).

Assessment of unrealized potential for savings

Inasmuch as the base conditions selected are those real conditions in which the new building heating system is operating, it is evident that such conditions harbor merits and disadvantages that are typical for the system, for example, the existence of some persisting overheating. When using this approach, it is worthwhile to additionally calculate the value of unrealized potential for savings that will be identified at the third stage of savings assessment. 
Assessment of average statistical annual heat savings
In the final stage, the available results are projected against an average statistical year. This stage is necessary to determine the magnitude of heat savings that could be employed in calculating the cash flow throughout the life of the Project, i.e. in average statistical weather conditions. In such calculations, the use of data on heat savings obtained for a specific year is not quite correct. For example, if the base heating season relative to which the savings have been calculated was substantially warmer than the average statistical one, then the annual economy obtained will be somewhat overstated because it depends on the ratio between the number of relatively warm days in a heating season when the savings are considerable, and the cold days when the savings are minimal. An approach has been developed to resolve this problem whereby the annual heat savings under the average statistical weather conditions are found using an equation for the dependence of the amount of thermal energy savings on the outside temperature applicable over the base period. In Fig. 9 one can see the trend in space heating system heat savings variation versus the outside air temperature.

Fig. 9 Heat savings in space heating system
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As long as a representation of every implication of this method would fall outside the framework of this article, the calculation of savings obtained in the buildings under review is given for the base period only.
Results
Calculation results for the heat savings are given in Table 5.



Table 5. Heat savings

Address
Heat savings adjusted for DH operating conditions and weather
Improvement in comfort**
Unrealized potential for savings in space heating system **


DHW*
SH**
Total***



Olympiyskaya, 41 (Cherepovets)
16.9%
-12.0%
3.6%
1.9%


9.8%

Pitkyarantskaya, 30 (Petrozavodsk)
17.3%
-5.3%
7.3%
0.3%


9.0%

Konstitutsii, 5/2 (Orenburg)
25.0%
23.3%
24.0%
1.3%


11.0%

*     - 
in percent of annual heat consumption for DHW prior to retrofit

**   - 
in percent of annual heat consumption for space heating prior to retrofit

*** - 
in percent of annual heat consumption for DHW and space heating prior to retrofit

Heat savings adjusted for DH network operating conditions and weather

In Cherepovets, in the building at 41 Olympiyskaya street a 12% overconsumption of heat is observed in the heating system after retrofit against the actual heating load for a non-retrofitted system reduced to identical weather conditions. Taking into account the savings obtained in the DHW system (16.9%), the total annual heat savings amounted to 3.6%.

The building at 30 Pitkyarantskaya street in Petrozavodsk has also witnessed an increase in the heat use by the heating system (5.3%) with a substantial reduction in the heat use by the DHW system (17.3%), which in total permitted to save 7.3% in heat energy.

Savings in the building at 5/2 Konstitutsii street in Orenburg were 23%. An effect of this kind may be explained by the fact that prior to retrofits the building was overheated permanently, not just during the transitional periods, but also in the middle of the heating season. Eliminating overheating and securing a substantial saving of thermal energy were made possible by proper tuning of the controller whereby the apartment temperature would be maintained at a level of 22(23(С even during the transitional period (see Fig. 8).

In parallel with the evaluation of direct savings achieved, it is interesting to trace the development of the change in the ratio between the actual and the calculated loadings in the DHW and SH systems as a result of retrofitting. Table 6 gives the data on the ratio between the actual and the calculated values of heat use for three buildings under review in the periods before and after retrofits.

Table 6. Data about ratio between actual and calculated heat use

Address
DHW
SH
DHW + SH


before
after
before
after
before
after

Olympiyskaya, 41 (Cherepovets)
153,1%
127,2%
96,2%
106,1%
117,1%
112,8%

Pitkyarantskaya, 30 (Petrozavodsk)
130,1%
107,6%
96,5%
101,6%
112,8%
104,5%

Konstitutsii, 5/2 (Orenburg)
110,4%
82,8%
117,7%
90,3%
114,5%
87,0%

In Petrozavodsk and Cherepovets, as a result of retrofit it was possible to considerably reduce the overuse of heat in the DHW system and to bring it nearer to the calculated level. The big difference between the actual and the calculated uses of heat in the DHW system for the building in Orenburg is due to a high value of the normative hot water flow adopted in the city (150 l/person per day).

In the space heating systems for building in Cherepovets and Petrozavodsk there was an increase in the heat use due to reallocation of a part of the thermal energy out of the DHW system. In both cities, the real heat uses after retrofits have come to be slightly above the calculated level, which, perhaps, may be explained by tuning the controller to a room temperature in apartments in excess of the normative level.

It is interesting to note that the data from three buildings do not always correlate with the averaged data on the relationship between the calculated and actual loadings in the space heating system as represented in Table 2. Thus, with overheating being prevalent in Cherepovets, the building at 41 Olympiyskaya street would rather fall among the underheated ones, whereas in Orenburg, where the calculated load on the average exceeds the actual one, the building at 5/2 Konstitutsii street, on the contrary, was considerably overheated. Such results confirm the need for an individual approach to each building.

Let us note, too, that from the results given in Table 6 one can draw a conclusion that some additional potential for cash savings in payments for heat exists in the building in the city of Orenburg. This effect should be remembered when analyzing the economic effectiveness of the retrofits to be implemented under the Project.
Assessment of changes in comfort level

It is evident that the minimum value for the total heat savings in Cherepovets may be, first of all, explained by the fact that the apartments were now warmer, i.e. practically all of the savings derived in the DHW supply system have been reallocated to the space heating system. In this way, for example, with the outside temperatures below 5(С the temperature in apartments went up by about 1.5(С. The calculations show that in order to achieve this effect with the old system additional thermal energy would be required at the rate of 1.9% of the annual consumption. For buildings in Petrozavodsk and Orenburg this effect is estimated at the rate of 0.3% and 1.3%, respectively. It should be noted that for permanently underheated buildings (with which the above buildings cannot be identified) this effect will be more marked and, therefore, it cannot be disregarded when determining the total heat savings in a building.

Assessment of unrealized potential for savings
The calculations have revealed the existence of a large potential for savings in all three buildings, which may be realized at the expense of a possible reduction in the level of overheating that still existed at the retrofitted buildings during the transitional period. Thus, reducing the temperature in apartments to the normative level will allow an additional saving of about 10% of heat for all buildings. One cannot but note that this estimate should be treated with caution because when using a controller to regulate the heating load with reference to the outside temperature only (under the Project, it is this type of controller that has found wide application) this potential cannot be realized in full. Without due regard to additional factors that affect the apartment temperature it is impossible to maintain the room temperature at some fixed level. This applies, above all, to the impact of solar radiation, the contribution by which in heating the rooms significantly increases during transitional periods. In April - May the heat delivered by solar irradiation is sufficient  to raise the average monthly temperature in apartments by 2(4(С, depending on cloudiness and the latitude of the locality where the building is situated. According to reference data [8], taking account of solar irradiation in controlling the delivery of heat for space heating makes it possible to reduce heat use by about 5(6% of the annual consumption. Full account of solar irradiation may be taken only in space heating systems divided facade-by-facade. 
Allowing for this, it appears quite realistic to obtain additional savings at the rate of 4(5% of the annual consumption. 
Prominent is the existence of a potential for savings not only during transitional periods, but also in the middle of a heating season. Such additional savings can be achieved through more precise tuning of the controller. One of the reasons for the existing situation may be unskilled servicing of the new equipment. Cases are known when the personnel servicing an IHP was finding it more suitable and habitual to control the delivery of heat to the DHW and SH systems manually. In this connection, for want of monetary funds to pay qualified specialized agencies, the key roles will be played by education and training given to the housing utilities staff operating the new IHPs.

One cannot but mark another reason impeding further reduction of heat use in residential buildings. It is known that the allowable normative temperature does not always satisfy the requirements for comfort claimed by tenants. First, the air temperature is not the only factor affecting perception of heat by people inside a room. Studies under the Project have revealed that at the normative temperature some of the tenants are not happy about the thermal microclimate in their apartments and turn on electrical heating appliances and gas ranges. Secondly, the notion of comfort is a subjective concept and depends on the habits of tenants that have emerged under the influence of permanent overheating or underheating that have been taking place with the former system of space heating over decades. In particular, the tenants may demand more intensive supply of heat from the maintenance organizations and these, in the absence of incentives toward energy savings, will be willing to make corresponding readjustments to the space heating system controller. Therefore, the technical potential for energy savings can be fully implemented after establishing a commercial heat metering system only. 

Effects in gas and water supply systems

When analyzing the project effectiveness, not only heat savings but also savings of water and natural gas will be taken into account. As a result of building retrofits some effects may be observed in the gas and water supply systems which are directly linked to the improved situation with the heat supply. Attributed to such effects may be the savings of gas and water. 

The gas supply system has recorded a reduction in gas consumption by 8-12%, which is related to the fact that the tenants are making less use of gas ranges to warm up their rooms. 

The studies undertaken have revealed that, in terms of water savings, the optimum situation exists when the hot water temperature at the consumer is maintained at the normative level of 55(65(С. Therefore, even on the buildings where water-saving technologies proper were not carried out, a number of measures aimed at rehabilitation of recirculation pipelines, thermal insulation of pipes and installation of automatic controls in the individual substations have allowed to derive savings of cold water in excess of 10%, and of hot water in the range of 5(15%. Also, as for the space heating system, improvements are recorded in the quality of services provided – water is delivered to tenants under a sufficient pressure and at a comfortable temperature. 
At the same time, we cannot ignore the fact that even after retrofitting the level of water consumption is rather high, and the real resource savings will become possible only after introducing the system of payments for the actual water consumed. This statement may be easily illustrated by the following example. On average, in buildings where water-saving technologies were implemented but no apartment water meters were installed the economy of water was 10(15%. In the building at 4 Lazo street in Orenburg, where apartment water meters were installed, the specific daily consumption of cold water decreased from 157 l/person (92% of the normative value adopted in the city) to 107 l/person (63% of the norm), while for hot water it fell from 150 l/person (100% of the norm) to 115 l/person (77% of the norm). In this way, cold water savings amounted to 32%, and hot water savings to 23%. It may be assumed that the majority of the savings were due to a psychological influence related to water meter installation. Note that a changeover to payment for water consumption by meter readings had not been planned in the building under review, however, the fact of meter installation itself caused a change in the attitude of tenants to water use. After a full-scale commercial metering system is established, one may anticipate a still greater impact.
Software

In closing this review, one cannot but note a significant point related to the application of special software in the area of processing and storing the data collected on heat and water consumption. Application of specialized software is gaining particular significance under the new circumstances which are gradually coming into existence in the field of metering the use of energy and water resources by housing utilities. A fast rate of fitting the buildings with metering instruments and introducing a system for commercial metering and accounting based on the readings of heat and water meters implies the availability of a tool for systematization of the data collected, processing the source data and monitoring the use of energy and water resources. Unfortunately, in the vast majority of cities there is no software at present that permits fast and timely processing of data from a great number of metering devices, which largely inhibits the development of a commercial metering system and leads to a reduction in the accuracy of calculations and requires a substantial labor input where a commercial metering system has nevertheless been implemented. As proved by the experience of processing the data acquired using the so-called "manual" collection, the quality of such data is unsuitable for analysis and monitoring the performance of the engineering systems in a building; therefore, the only option is collecting the archive data and transferring them for processing into a specialized software environment.

TAG-2 Consultant is now facing similar problems
. Collection, systematization and analysis of data (about 40000 of various parameter values are recorded daily) are impossible to do without certain automatic procedures for data input, sorting and storage. Upon termination of the Project a system of databases making it possible to handle such tasks and comprising several modules will be handed over to the cities. The reference data module will include a database for buildings, metering devices, equipment and materials purchased under the Project. The data management module will perform automated input and storage of collected data. Also there are plans to implement the techniques for building retrofit effectiveness evaluation in the data management module.

Conclusions

· When working on the procedure for evaluation of heat savings in the buildings before and after retrofits reduced to identical conditions, one of several approaches currently under consideration was implemented which has made it possible to calculate, with good accuracy, the amount of thermal energy savings for a number of buildings.

· An analysis of retrofit effectiveness in three buildings located in different cities has shown that savings can be observed in the use of energy resources and water and their magnitude depends on the conditions in which buildings were operated prior to modernization. The savings values obtained may differ significantly for different buildings, which impedes a generalization of such results to the Project on the whole or even to a city. However, the scale of studies under the TAG-2 contract allows to do similar calculations for a great number of sites in each city, and, therefore, to obtain information about the real physical savings in energy resources and water for each city. The same may be said in respect of an evaluation of the savings in money terms related to establishment of commercial metering and accounting. The results at hand will allow to adjust the generally accepted expert estimationts used in making up feasibility report for projects on building retrofits, as well as to identify the factors affecting the level of energy savings (operating conditions of the area DH pipelines, the heat supply layout, etc.).

· An analysis carried out in order to look into the possibility of deriving further economies has revealed the presence of a sufficiently large potential for energy saving. Yet, also evident are the obstacles in the way of its implementation, the major among them being, probably, a lack of incentives with the ultimate consumers to save energy resources and water.

· The approaches developed for evaluating physical savings and a vast volume of source information necessary for calculations will be integrated into a system of databases which may be used as a tool for carrying out similar calculations on other sites to be retrofitted just in future. 

In conclusion, let it be remarked that in parallel with carrying out an evaluation of physical savings work is under way to collect source data and develop an algorithm for achieving the main objective of the TAG-2 program under the Project - economic effectiveness evaluation. Later, it is planned to provide information on the pages of the EHDP newsletter on the approaches applied and results obtained.
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